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Standards-based Reform and Professional Development

National Science Education Standards as a Catalyst for Change:

The Essential Role of Professional Development ...............ccccooovininieiccncnnnn. 1

Rodger W. Bybee and Susan Loucks-Horsley _

A survey of four of the National Science Education Standards most relevant to professional
development—Ilearning science; learning to teach science; self-assessment and continuous
improvement; and comprehensive, sustained professional development—this chapter shows
that Standards and professional development are mutually dependent. Professional develop-
ment puts the Standards into classroom practice, and the Standards provide criteria for judg-
ing the outcomes of professional development. \
Professional Development Designed to Change Science Teaching

and Learning
Susan Loucks-Horsley and Katherine E. Stiles

This chapter explores a design framework used to guide professional developers through a
planning cycle driven by and designed to meet the specific needs of the teachers and students.
The cycle works by considering essential inputs unique to its users: content, knowledge and
beliefs, critical issues, and strategies for professional learning.

If We Want to Talk the Talk, We Must Also Walk the Walk:

The Nature of Science, Professional Development,

and Educational Reform .............ccocooonnieiiiiicccne e 25
Norman G. Lederman, Fouad Abd-E!l-Khalick, and Randy L. Bell

Despite differences in the pedagogical or curricular emphasis, student understanding of the
nature of science is one objective agreed upon in all major reform efforts. This chapter pro-
vides a series of concrete, classroom-tested approaches and activities for promoting K—12



student understanding of the nature of science: the understanding that scientific knowledge is
tentative, empirically based, and subjective; that it necessarily involves human interference,
imagination, and creativity; and that it is socially and culturally embedded.

A Continuum of Standards for Science Teachers and Teaching....................... 43
Steven W. Gilbert

The focus of this chapter is on an emerging continuum of science teaching standards for
accreditation, licensure, and certification that are part of the New Professional Teacher Project
(NPTP). The NPTP model expects teachers at all levels to engage in professional develop-
ment that fosters long-term, demonstrable growth through a unified, articulated system of
individual performance standards. Unlike other standards, those of the NPTP are compe-
tency-based rather than prescriptive; that is, they identify desired knowledge, performance,
or dispositional outcomes but do not prescribe ways to achieve those ends. The chapter sug-
gests that, if the science education community writes these standards and state licensing agen-
cies recognize them, these standards will not only develop better teachers, but also help cre-
ate a sense of teaching as a true profession.

Alphabet Soup for Science Teachers:

Making Sense of Current National Science Education

Reform InItiatives ... 59
Angelo Collins

Collins takes on the task of deciphering the acronyms associated with science education re-
form through profiles of the American Association for the Advancement of Science (AAAS),
the National Science Education Standards (NSES), the National Board for Professional Teach-
ing Standards (NBPTS), and the Interstate New Teacher Assessment and Support Consor-
tium (INTASC). Studying, supporting, and participating in these organizations helps advance
the profession of science teaching by providing opportunities and guidance for professional
development. This chapter briefly samples other reform initiatives that, although further re-
moved from the science classroom, also influence science education policy and practice.

Part Il.
Planning for Professional Development

Using ENC and ERIC to Plan for Professional Development ........................ 69
Thomas Gadsden, Jr, and Kimberly S. Roempler

Profiles two online resources that offer convenient access to professional development re-
sources: the Fisenhower National Clearinghouse for Mathematics and Science Education
(ENC) and the Educational Resources Information Centers (ERIC). ENC’s Web site provides
searchable online access to over 14,000 instructional and professional resources, grouped by
grade level, subject area, cost ranges, and other criteria. ERIC’s Web site is the primary
source for abstracts of educational research and scholarly writings in fields of study such as
information and technology, assessment and evaluation, and urban education.



Pathways to the Science Standards ................cccccoooiiiiiiniiiiiic e 81
Juliana Texley

Chronicles the development of the NSTA Pathways project. The Pathways publications make
up a comprehensive professional development package designed to put into practice the vi-
sion of educational reform expressed in the National Science Education Standards.

The Professional Development of Science Teachers for Science
Education Reform: A Review of the Research
Julie Gess-Newsome

Provides an overview of the professional knowledge base teachers need to implement the
Standards and to impact teaching practice across their careers. Professional development
must include opportunities that support continuous skill and knowledge acquisition guided
by the concerns, interests, and motivations of individual teachers. The chapter identifies char-
acteristics common to successful teachers, including sustained support, promotion of incre-
mental change, and individualized design by and for teachers.

Science Teacher Professional Development: A Researcher’s Perspective
Jane Butler Kahle and Mary Kay Kelly

Explores the National Science Foundation’s (NSF) effort to systemically reform science and
mathematics education through systemic initiatives (SI): Statewide Systemic Initiatives (SSI),
Urban Systemic Initiatives (USI), and Rural Systemic Initiatives (RSI). SlIs differ from other
NSF programs and projects in that they deliver support through annual cooperative agree-
ments with NSF, rather than through grants. Most states select professional development as
the primary strategy for reform, though each state uses various components of professional
development in different combinations. This chapter profiles Ohio as a model due to its heavy
investments in professional development and in assessing its SSI, three USIs, and one RSI.

..... 101

The Colorado College Integrated Natural Sciences Program (CC-ISTEP):

Putting into Practice Some Essential Principles of Teacher Development ... 115
Paul J. Kuerbis and Keith Kester

Describes a successful teacher enhancement program, CC-ISTEP, developed by the authors
to supplement the master of arts in teaching degree program at a liberal arts college. The
program offers summer institutes and academic-year follow-up seminars that engage teachers
in constructivist learning to foster effective pedagogical approaches by helping them to make
sense of teaching by being active learners themselves. This chapter profiles the Summer 1997
Institute as a model for the program in practice, and offers general principles to guide others
in the development of similar programs.



Part 1il. Assessment and Evaluation in Support of Science Education
Reform

It’s All About Choices: Science Assessment in Support of Reform............... 123
Margaret A. Jorgensen

Explores a constructivist model for professional development that focuses on assessment
design and implementation. Using a constructivist model, this chapter describes an approach
to professional development that actively engages teachers in inquiry and, therefore, requires
a fundamental shift both in the way professional development is structured and in the way
teachers think about tests.

Defining Teacher Quality Through Content: Professional

Development Implications from TIMSS ... 141
William H. Schmidt

Focuses on the science portion of the Third International Mathematics and Science Study
(TIMSS). This chapter presents TIMSS data that shows how the United States placed among
other countries in specific content area knowledge by grade level. The results of this study
indicate a need for increased focus, coherence, and rigor in the U.S. curriculum, and reveal a
need for teachers to have stronger subject-matter knowledge and understanding.

The Teacher Speaks:

Using Achievement Data to Modify Teaching Practice ................c.................. 165
Judy K. Sink

Presents a view of the Standards and the roles of assessment and professional development
from the perspective of an elementary teacher. This chapter offers an intimate look into the
author’s experiences with constructivist learning in professional development and how this
approach translated into student learning in the classroom. In order for the nation’s class-
rooms to reflect the vision of the national Standards, professional development must model
for teachers how to teach and assess science.
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Foreword

Susan Loucks-Horsley

n the early 1980s, alarms were set off across the United States about the deplor-
Iable status of education, in general, and science education, in particular. In re-
sponse, a flurry of activity led to many suggestions about what should be done. In the
1990s, various reform efforts at the local, state, and national levels blossomed, and
change began gradually to occur. The National Science Education Standards and the
AAAS Benchmarks emerged after long debates over what it is that students at various
grade levels should know and be able to do in science. The notion that *“less is more”
gradually became a shared value.

Happily, few teachers today would advocate slavishly following a textbook as their
science curriculum. Many teachers understand and value inquiry as an outcome for
their students and a way of fostering important learning opportunities, and we are
moving slowly in the direction of having a scientifically literate population. But, we
must not become complacent. Although we have come a long way since the poor status
of science education was presented to the American public in the 1980s, there is still a
long way to go. Recognition of what our classrooms should look like and what our
students should be able to do does not automatically translate into changes in the class-
room or with our students. This is due, in part, to a lack of information. However,
knowing what needs to be done does not mean knowing how to do it. This is where the
critical role of professional development comes in, and it is essential that science lead-
ers—at all levels—take on the challenges of being both the “leaders of learners” and
the learners themselves. Unless teachers are being able to practice new ways of learn-
ing, teaching, and leading, this reform will fall far short of its potential.

Science teachers are the crucial link between the curriculum and students. Pro-
fessional development is a concerted effort to help them understand and change their
practices and beliefs as they improve the learning experiences they provide for stu-
dents within their school and district. Professional development can also serve a
broader purpose: to help teachers develop leadership and change agent skills. It pre-
pares teachers to take a more informed and focused leadership role in fostering the
implementation or improvement of the instructional program. Support for teachers
is essential if teaching is to occur as espoused in the Standards, and if teachers are to
expand their visions to influence others in their schools and districts. The nature of
professional development programs in which teachers participate will, to a large
extent, determine the changes in students’ learning experiences.

As this book suggests, effective professional development programs and initia-
tives for science teachers have many characteristics in common. They help teachers
see their students and classrooms differently as they learn to foster deep understand-
ing of important science concepts, the skills and understanding of scientific inquiry,
and an appreciation of the natural world. Effective programs engage teachers in ways
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that they, in turn, will help their students learn; support collaboration among teach-
ers as they learn and craft learning experiences for their students; and help teachers
examine their own practice and become “critical friends” to other teachers. Such
programs support teachers over time so that they not only can change their practices,
but also can sustain and renew those practices continuously.

Science leaders can broaden their own professional development role by think-
ing of themselves as designers of learning experiences—much as teachers consider
their instructional goals, their students’ needs, and the resources and constraints of
their school and district, science leaders can craft long-term, multifaceted programs
for teachers that reflect current research and the “wisdom” of other professional
developers. For example, breaking out of the “professional-development-equals-in-
service-workshops-and-summer-institutes” box brings science leaders into contact
with a wide array of strategies from which to choose. These include case discus-
sions, action research, coaching and mentoring, and examining student work. They
can use student curriculum as a tool for teacher learning, helping teachers go far
beyond the “mechanical use” of new curriculum materials as they deepen their un-
derstanding of science content, of student thinking, and of teaching strategies. As
science leaders broaden their vision for professional development strategies, their
designs begin to incorporate and even influence some of the other important ele-
ments of systemic reform, such as curriculum, assessment, and the development of a
professional community. Examples in this book “push the envelope” of old concep-
tions of professional learning in ways that can fuel deep and sustainable changes in
classrooms, schools, and districts.

This book is written for science leaders at all levels: teachers, science supervi-
sors, science consultants, science coordinators, science specialists, administrators,
higher education science educators, and policymakers. The comprehensive presen-
tation promotes understanding of the circumstances in which professional develop-
ment most influences student learning. It reviews programs in place that work, and it
provides a wealth of practical ideas about actions to take in the professional develop-
ment arena in order to implement and sustain reform in science education.

This is indeed an exciting time to be in science education. As we work together
to strengthen our understandings and roles as leaders in the science education com-
munity, we at the National Science Education Leadership Association (NSELA) and
the National Science Teachers Association (NSTA) welcome you to use the resources
in this volume to build programs that enhance and enrich science teaching and
learning in our nation’s schools.
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Preface

Jack Rhoton and Patricia Bowers

Nearly every major document advocating science education reform in recent years

has focused on science content and concepts to be taught, how science teachers
should teach, and guidelines for professional development. The vision of science
teaching and learning espoused by school reformers presents a key challenge for
teachers’ professional development. The vision of practice and standards-based
reform advocated by the nation’s reform agenda requires that most teachers make a
paradigm shift in their beliefs, knowledge, and teaching practices. The success of
this agenda will hinge, in large measure, on professional development opportunities
that will engage teachers in learning the skills and perspectives called for in the new
vision of practice. Because teachers are the crucial link between the curriculum and
students, professional development is a major element in developing teacher leader-
ship and change agent skills. It prepares teachers to take a more informed and con-
certed leadership role in fostering the implementation or improvement of the in-
structional program, driven by the desire to improve student learning.

Effective professional development also provides occasions for teachers to genu-
inely address change and renewal and reach beyond the “make and take” and “idea
swap” sessions to more global, theoretical conversations that focus on teachers’ under-
standing of content, pedagogy, and learner. For long-lasting and effective change within
the science classroom, professional development activities must plow a deeper furrow
of inquiry into practice than is normally available to teachers.

Professional development must allow teachers to rethink their notions about the
nature of science, develop new views about how students learn, construct new class-
room learning environments, and create new expectations about student outcomes.
Teachers will need not only to explore new ideas in professional development pro-
grams, but also to develop and inculcate habits that will enable them to continue
professional development over time.

Even though a common vision is beginning to emerge about what effective pro-
fessional development should look like, a large number of teachers have not had an
opportunity to participate in such professional development in their working envi-
ronments. However, there is a growing momentum for schools to examine teachers’
professional development in light of standards-based reform. This publication posi-
tively addresses issues and practical approaches needed to lay the foundation upon
which professional development approaches can work to build effective science pro-
grams in our nation’s schools. In addition, it examines the linkage between profes-
sional development and effective science education programs.

The Issues in Science Education series shares ideas, insights, and experiences of
individuals ranging form teachers to science supervisors to university personnel to
agencies representing science education. They discuss how professional development



can contribute to the success of school science and how to develop a culture that al-
lows and encourages science leaders continually to improve their science programs.

Using nontechnical language, this text is intended to be accessible to a broad audi-
ence. It is written for science teachers, science department chairs, principals, systemwide
science leaders, superintendents, university personnel, policymakers and other individu-
als who have a stake in science education. It will also serve as a supplementary text for
university methods courses in elementary and secondary science education.

The 13 chapters in this volume, Professional Development Planning and Design,
are organized into three sections. The intent of the book is not to provide an exhaustive
coverage of each major theme but, rather, to present chapters that effectively address the
issues of professional development. Each chapter in the text illustrates the utility of pro-
fessional development for practitioners and addresses general issues and perspectives
related to science education reform.

The first part of the book, “Standards-based Reform and Professional Develop-
ment,” consists of five chapters that set the stage of the book by examining the critical
issues of professional development, the nature of science teaching and learning, the
linkage between effective science programs and effective professional development
programs, and strategies for professional learning. Part 11, “Planning for Professional
Development,” includes five chapters that illustrate the planning and designing of pro-
fessional development programs within the context of resources and preparing effec-
tive teachers. Part 111, “Assessment and Evaluation in Support of Science Education
Reform,” consists of three chapters that focus on using achievement data to modify
teaching practices, the development and use of assessment tools to capture evidence
about what students know and can do that is not already documented in systemic re-
form, and professional development implications from TIMSS (Third International
Mathematics and Science Study).

Meaningful and sustained change in science teaching and learning is fraught with
many challenges and pitfalls. These challenges and obstacles demand effective pro-
fessional development. The task of developing and sustaining healthy professional
development practices is simply too complex for any one person to tackle alone.
Therefore, this work is directed at all players in the science education community
who have a stake in improving science teaching and learning. Moreover, administra-
tors must create an atmosphere that supports and encourages participation in effec-
tive professional development programs. One of the greatest challenges of leader-
ship is to develop a culture that creates “laboratories” of ongoing improvements.
The final determinant of success in this effort will be measured through the quality
of science programs delivered to our students.

Numerous examples throughout the book illustrate the utility of professional de-
velopment for practitioners and others interested in the improvement of science teach-
ing and learning. Many of the topics in this book are placed within the context of real
world experience and combinations of original research. Some of the concepts cov-
ered include: standards-based professional development; the nature of science, as-
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sessment and evaluation, leadership, and professional development; strategies for
professional development; learning and teaching critical thinking skills; using ENC
and ERIC as a resource for professional development; diversity issues in teaching
science; and science education in formal and informal settings.

As we honor the memory and life of Susan Loucks-Horsley, we cannot escape the
fact that her name is synonymous with professional development. Her many years of
service and dedication to the science education community resulted in a body of
writing of marked excellence, inspiring each of us to work harder, think deeper and
take action on the subject to which she devoted her life—improving science educa-
tion in our nation’s schools. It was for this reason that Pat Bowers and I asked her to
write the foreword to this book and to contribute two chapters to this document. We
recognized that her works and writings have been influential forces in shaping the
thoughts and actions on the direction of professional development in science educa-
tion. And it will be so for years to come. There was also a human quality that perme-
ated her work. Through my professional collaboration efforts with Susan, I recog-
nized that she not only radiated an unparalleled warmth, glow, and passion for her
work, but also was equally dedicated to uplifting each person with whom she came
in contact. She was interested in people as individuals and recognized and appreci-
ated the importance and role of each science teacher in his or her struggle and dedi-
cation to create effective learning environments for all students. She also worked
hard to support teachers in their individual environments. Her memory is destined to
linger in our thoughts as we work to fulfill her vision. The science education com-
munity will forever be the better for her influence, example, and inspiration.

Jack Rhoton
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Introduction

Jerry Doyle
NSELA President, 1999-2000

The numerous and vexing issues facing the science education leader today have

created the need for leadership skills and knowledge that go far beyond those
demanded in any previous era. The exceptional leader must be knowledgeable about
science as a human endeavor; must be conversant with new developments in learn-
ing theory and how they impact classroom instruction; must have practical skills in
chemical hygiene and lab safety needed to maintain a safe environment for students
and teachers; must have the analytical skills needed to build a comprehensive assess-
ment program and be able to move student achievement scores to higher levels; must
be on the cutting edge of recent developments in technology that can be useful in
science instruction; must have exceptional people skills and be able to work with a
variety of interest groups who care about the science program; must know the struc-
ture of the school organization and be able to keep funds flowing toward the science
department; must know where to find grant money and write “winning” grant pro-
posals; must be able to create a vision and long-range plan for the science program;
and must be able to coordinate a comprehensive staff development program to make
that vision a reality.

The exceptional science education leader can master this overwhelming list of
“musts” only if key resources are tapped. Pat Bowers and Jack Rhoton have com-
piled one of these key resources needed in the office of every science education
leader. This volume includes an impressive array of pertinent articles from key lead-
ers in the issue domains mentioned previously. It is my belief that this book will
make you a more effective science education leader.
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Professional Development

Rodger W. Bybee and Susan Loucks-Horsley
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A Ithough the momentum for standards in national education began to build in
the early 1980s, it is only a decade since the first set appeared in 1989. Since
then, standards have become a part of the educational landscape. In this chapter, we
survey the origins of national standards; reflect on their power, in particular those in
science education; and examine the role professional development must play if stan-
dards are to realize their potential to truly transform education. The link between
standards and professional development is essential: Knowing where one needs to
go is only the first step. Building the capacity for continuous learning for all stu-
dents—a capacity needed to take us well into the 21st century—must follow. In this
chapter, we use the four professional development standards in the National Science
Education Standards to discuss and illustrate the nature of opportunities for profes-
sional learning that will help this country succeed in this ambitious goal.

The Historical Perspective

In 1983, the National Commission on Excellence in Education warned that our na-
tion was at risk and recommended strengthening content in the curriculum and rais-
ing expectations of student achievement. In 1989, the president and governors met in
Charlottesville, Virginia, and developed a set of national goals for education. Soon
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after the release of the national goals, some leaders recognized both the strengths and
weaknesses of the broad and abstract goals. In his role as chair of the National Edu-
cation Goals Panel, Governor Roy Romer of Colorado encouraged the development
of policies to facilitate higher levels of student achievement. Those policies have
become known as education standards. In order to act on the
The power of | national goals, the educational community had to describe
standards lies in standards for precisely what students should know and be
. . able to do as a result of their educational experiences
their capacity 1o | (rayitch, 1995: Tucker & Codding, 1998: Rothman, 1995),
Cata/yze change in | The need for voluntary national standards emerged. In the
fundamental same year, the National Council of Teachers of Mathematics
(NCTM) released standards for curriculum and placed the
components of the term standards into the lexicon of contemporary education.
educational system. Since 1989, various groups and organizations have devel-
oped standards for civics, geography, history, the arts, and
other disciplines including our own—science. The National Research Council’s (NRC)
publication of the National Science Education Standards (1996) followed the Ameri-
can Association for the Advancement of Science’s publication of Benchmarks for
Science Literacy (1993). Together these documents guide the science education com-
munity on its road to higher student achievement in science for all the nation’s stu-
dents.

The Power of National Education Standards

The power of standards lies in their capacity to catalyze change in fundamental com-
ponents of the educational system. They do so first by specifying outcomes: what all
students should know and be able to do. Clarifying educational outcomes is a new
emphasis for national reform, which often has consisted of modifying inputs in hopes
of improving outcomes. Education has changed, in terms of time (length of school
days, years), content (additional science courses), materials (new textbooks or activ-
ity-based programs), techniques (cooperative groups, project-based learning), and
technology (computers in classrooms and the use of the Web). Although these inputs
were meant to enhance student learning, it is also true that to be optimally effective
all educational inputs must target a common purpose. If not—and this has been true
in the past—the result is uncoordinated and unfocused individual changes-—none of
which can or will add up to fundamental change.

Establishing standards for student learning triggers questions about fundamental
components, such as curriculum, instruction, and assessment, for these components
most directly influence what and how students learn. Further, changes in one of these
components require changes in the others. Think back to the Sputnik era of reform,
which focused on just one component—curriculum—and gave little attention to the
other fundamental components of assessment and instructional strategies, with dis-
appointing results. Further, this era demonstrated that the most stable and sustainable

T



National Science Education Standards as a Catalyst for Change

*

changes have support from other components, such as school district policies, bud-
gets, teacher education, professional development, and the community.

The National Science Education Standards included science content that is
fundamental. However, they went beyond statements of student outcomes and
addressed the fundamental components of teaching—cur-
riculum content, instruction, and assessment—as well as Eg[ab/ighjng
the supporting elements of professional development, the
nature of science programs, and system support. In set- .
ting such a broad array of standards, the Standards facili- student learning
tated greater coherence among educational components, triggerg quegtiong
which, as the TIMSS so recently and so painfully indi-
cated, is critical to enhanced student learning. TIMSS’s
depiction of the U.S. educational system as incoherent— | Components, such
with goals which only tangentially relate to instructional as Curriculum,
materials, which are not true to assessments, which are
not aligned with professional development, and on and
on—correlated with U.S. students’ decreased achieve- | assessment, for
ment. In comparison with students in other nations, U.S. these components
students rank at or near the bottom as they leave high
school (National Center for Educational Statistics, 1996, )
1998: Schmidt, McKnight, & Raizen, 1996). Standards | influence what and
have the power to counter educational incoherence by how students learn.
specifying student learning outcomes, which, in turn, cata-
lyze changes in other fundamental aspects of school science programs. The Stan-
dards provided criteria for judging the extent to which national, state, and local
policies, curriculum materials and multiyear programs, teacher education and
professional development programs, and organizational structures are apt to help
students learn science content.

standards for

about fundamental

instruction, and

most directly

The Role of Professional Development in Standards-Based Reform
Thompson and Zeuli (1999:1) succinctly stated the essential role of professional
development:

It is now widely accepted that, in order to realize recently proposed reforms
in what is taught and how it is taught [as described in national standards
documents]..., teachers will have to unlearn much of what they believe,
know, and know how to do while also forming new beliefs, developing new
knowledge, and mastering new skills. The proposed reforms constitute, if vou
will, a new curriculum for teacher learning. If they do not specify precisely
what teachers should know and be able to do, they do outline it rather
clearly and exemplify aspects of it with a nearly literary vividness.
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Standards cannot directly change behavior or beliefs, but they can point the way
by defining desirable goals, stimulating movement toward the goals, and reducing
conflicts among the policies faced by educators at each level. They can begin to
create images of what different components of the education system would look like

if they were aligned with the desired outcomes for students.
Standards cannot Although some have argued that policies (including stan-
directly cha nge dards) might serve to teach those who must carry them out,

. . rather than solely as an effort to induce or constrain them to

behavior or belief: 5, behave differently (Cohen & Barnes, 1993), teaching of both
but they can point students and adults requires far more than attending to policy
the wa y by definin g statements. There must be substantial effort to translate poli-
. cies into school programs and classroom practices (Bybee,
desirable g0a Is, 1997). Without professional development, this cannot be ac- -
stimulating | complished.

movement toward Standards for Professional Development

the 804 Is, and The National Science Education Standards recognized pro-
reducing conflicts fessional development as a key component of the science
among the po licies education system, one often neglected. When concentrating
on the core elements closest to the critical teacher/student
faced by educators interface of content, teaching, and assessment. Professional
at each level. development standards describe the opportunities teachers
and other educators' should have in order to learn what they
need to know and be able to do in order to assist students to achieve the content
standards. The professional development standards consider two dimensions: the
content of professional development—that is, what teachers need to learn—and the
pedagogy of professional development—that is, ow they should learn it. Learning
opportunities that support teachers in teaching to the Standards consider each of the
professional development standards, both in the content and the pedagogy. Next we

review the standards briefly and provide examples of each of them in action.?

Standard A: Learning Science (Table 1)

Because the Standards call for students to acquire deep understanding of important,
fundamental, science concepts, teachers need to know science as deeply—even more
deeply—than their students. The teaching standards call for teachers to assess their
students’ understanding of natural phenomena, and to help their students change or
enhance those understandings through new and multiple, often concrete, experiences.
Without their own understanding of the science involved, teachers cannot do this;
staying “one chapter ahead of the kids” may have been a survival skill in the days
when textbook memorization was equated with learning, but this strategy will no
longer suffice. This situation is reminiscent of the scenes in the Private Universe
video series (Harvard-Smithsonian Center for Astrophysics, 1987), in which MIT
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Table 1: Professional Development Standard A

L 4

Professional development for teachers of science requires learning essential science content through
the perspectives and methods of inquiry. Science learning experiences for teachers must:

# Involve teachers in actively investigating phenomena that can be studied scientifically, inter-
preting results, and making sense of findings consistent with currently accepted scientific un-

derstanding.

& Address issues, events, problems or topics significant in science and of interest to participants.

# Introduce teachers to scientific literature, media and technological resources that expand their sci-

ence knowledge and their ability to access further knowledge.

4 Build on the teachers’ current science understanding, ability, and attitudes.

# Incorporate ongoing reflection of the process and outcomes of understanding science through

inquiry.
¢ Encourage and support teachers in efforts to collaborate.

(NRC, 1996:59)

and Harvard graduates cannot explain why there are seasons and how a seed can
become a tree. If teachers do not understand the science involved in these everyday
occurrences (or know how to teach them, which we turn to next), their students will

learn no more than the graduates interviewed in these videos.

The research base on how students best learn and, subsequently, how they should
be taught science concepts is becoming richer as several lines of study converge.

One line of study—the research on cognition and conceptual
change—emphasizes the learner’s active construction of new
knowledge based on existing knowledge, rather than through
straight and rather simple acquisition. The conceptual change
research underscores the tenacity of existing knowledge,
which is difficult to replace by new ideas, and the impor-
tance of challenges to existing ideas and multiple opportuni-
ties to interact with phenomena (materials, events, represen-
tations) so that students will replace or enhance their old ideas
with new ones based on scientific principles (Guzzatti, Snyder,
Glass, & Gamas, 1993; Hodson & Hodson, 1998; King, 1994;
Novak, 1998; Staver, 1994). The literature also contains ex-
tensive studies of students’ scientific misconceptions—par-
ticular concepts for which students at certain ages have their
own (often predictable) explanations, which are often not sci-
entifically correct (Driver, Griesne, & Libeighian, 1985;
Driver, Leach, Millar, & Scott, 1996; Driver, Squires,

Research on
cognition and
conceptual change
emphasizes the
learner’s active
construction of new
knowledge based
on existing
knowledge, rather
than through
straight and rather
simple acquisition.

Duckworth, & Wood-Robinson, 1994). Finally, there are many studies of approaches
to teaching and use of curriculum materials based on models for learning that draw
on these lines of research (Anderson, 1998; Shymansky, Kyle, & Alport, 1983).
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In order to build These lines of research support science learning that is
their pe da 908 ical based on inquiry into natural phenomena—investigation that
in many ways mirrors scientists producing new knowledge.
content knOW/edge/ Some attributes of such investigation and, therefore, such

teachers need to learning environments are listed in Standard A (Table 1).
know science, but One example of a professional learning opportunity that
addresses this standard is provided by several of the U.S.
they also need to Department of Energy’s national laboratories. High school
understand how teachers spend eight weeks as scientists, joining lab scien-
/earning occurs and tists on their teams and participating in their ongoing re-
. search, often on the frontiers of science, such as particle
what kinds of physics. As they work, they develop new inquiry abilities,
experiences come to understand the process of scientific investigation,
facilitate learn ing of appreciate the dead ends and uncertainties of science, use
. new technologies, and examine the scientific literature.
science. Teachers deepen their understanding of science, build their
inquiry abilities and understandings, and do so through their

participation in scientific investigation.

In another example of Standard A in practice, elementary school teachers attend-
ing a two-week summer institute at the Workshop Center at City College of New
York, work with scientists and center staff to develop and conduct science investiga-
tions using a scientific inquiry approach. Typically limited in their science back-
ground and lacking confidence in their abilities to teach science, participants learn
by forming hypotheses, designing experiments, asking questions, recording and ana-
lyzing results, and presenting their findings. They strengthen their understanding of
science content and how they (and later, their students) can learn it through ongoing
sessions focused on classroom applications held throughout the academic year.

Standard B: Learning to Teach Science (Table 2)

Knowing science is only one part of being able to teach it. As deep as their knowl-
edge of science often is, most scientists cannot teach science expertly. This is be-
cause they do not have “pedagogical content knowledge,” the special knowledge and
set of abilities possessed by expert teachers. Shulman (1987) described teachers with
pedagogical content knowledge as knowing how students develop their understand-
ing of a particular concept (e.g., density, photosynthesis); what they are able to un-
derstand and what they are apt to stumble over at certain stages of development; and
through what examples, representations, experiences, etc., they will learn best. In
order to build their pedagogical content knowledge, teachers need to know science,
but they also need to understand how learning occurs, what kinds of experiences
facilitate learning of science (i.e., pedagogy), and what learning environments foster
the exploration and openness to new ideas that must accompany learning. A founda-
tion for pedagogical content knowledge can be built through study of the literature
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Table 2: Professional Development Standard B

Professional development for teachers of science requires integrating knowledge of science, learn-
ing, pedagogy, and students; it also requires applying that knowledge to science teaching. Learning
experiences for teachers of science must:

¢ Connect and integrate all pertinent aspects of science and science education.

& Occur in a variety of places where effective science teaching can be illustrated and modeled,
permitting teachers to struggle with real situations and expand their knowledge and skills in
appropriate contexts.

@ Address teachers’ needs as learners and build on their current knowledge of science content,
teaching, and learning.

& Use inquiry, reflection, interpretation of research, modeling, and guided practice to build
understanding and skill in science teaching.

(NRC, 1996:62)

on learning and teaching, but teachers can only develop expertise through practicing
and reflecting on their teaching practice (Shulman, 1987).

This is where professional development is critical, and the knowledge base is
becoming stronger the more professional developers use and test a broad range of
strategies (Loucks-Horsley, Hewson, Love, & Stiles, 1998). Strategies that appear
most promising encourage teachers to examine their own practices, often by using
curriculum materials that they use with their students. For example, in many large
districts, elementary school science reform initiatives select and carefully implement
a set of curriculum materials based on the Standards. Teachers attend a series of
workshops spaced throughout the school year, where they experience the science
units as learners, reflect on the successes and problems encountered in the units they
have already taught, receive in-class assistance through demonstrations and coach-
ing, and have easy access to materials through a support system that delivers and
‘replenishes them without extra work by the teachers. After mastering the mechanics
of teaching the units, which usually occurs in the first year of use, teachers collect
student work, which they examine in professional development sessions to analyze
student thinking, determine what students understand, and how they as teachers can
assist in students’ conceptual development. Curriculum-based professional develop-
ment can be particularly effective when teachers do not have the understanding of
content they need to create their own curriculum (Ball, 1996; Russell, 1996).

Another professional development strategy that addresses Standard B is the dis-
cussion of teaching cases, either written or video-based. Teachers in Cambridge,
Massachusetts, worked with professional developers/researchers at the Technical
Education Resource Centers (TERC) to view a video series entitled, “Sense Making
in Science (TERC, 1997).” In one video, a class was experimenting to learn which
objects sink and which ones float. The varied, often contradictory, and nonscientific
explanations students gave of what differentiates sinkers from floaters left their teacher
wondering what to do to help her students understand the ideas underlying the con-
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cept of density. Discussion of the case included what the students knew, what they

didn’t know, and what the teacher might do to extend their understandings. (See the

Loucks-Horsley and Stiles article in this section for addi-

Effective | tional discussion of professional development strategies fo-
professiona/ cused on learning science and learning to teach science.)

development helps | standard C: Self-Assessment and Continuous
teachers learn and | Improvement (Table 3)
gives them tools for Effectlve professional development helps teachers learn 'and
gives them tools for further, often less-formalized learning.
furth er, often less- One strategy that does both is action research, in which teach-
formalized learni ng. ers determine what questions they are most interested in ask-
ing about their students’ learning and their own teaching and
pursue those questions by learning ways of collecting and analyzing data and shar-
_ing their results. In the Colorado College Integrated Science Teacher Enhancement
\\Project, for example, K—12 teachers conducted action research as they built their
content and teaching repertoires. A first-grade teacher’s question regarding what would
happen if she taught science first in the day rather than last resulted in significant
changes in her teaching, as well as a published article on her research (Strycker,
1995). The K—12 teachers in this program pursued their own action research ques-
tions with support from scientists and project staff, then had the tools of action re-
search to continue to pursue questions of importance to their teaching, long after
completion of the program.

Coaching is another professional development strategy that provides teachers with
tools for continuous improvement. There are numerous forms of coaching that can

Table 3: Professional Development Standard C

Professional development for teachers of science requires building understanding and ability for
lifelong learning. Professional development activities must:

& Provide regular, frequent opportunities for individual and collegial examination and reflection
on classroom and institutional practice.

& Provide opportunities for teachers to receive feedback about their teaching and to understand,
analyze, and apply that feedback to improve their practice.

& Provide opportunities for teachers to learn to use various tools and techniques for self-reflec-
tion and collegial reflection, such as peer coaching, portfolios, and journals.

& Support the sharing of teacher expertise by preparing and using mentors, teacher advisors,
coaches, lead teachers, and resource teachers to provide professional development opportu-
nities.

& Provide opportunities to know and have access to existing research and experiential knowl-
edge.

& Provide opportunities to learn and use the skills of research to generate new knowledge about
science and the teaching and learning of science.

(NRC, 1996:68)
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help teachers to help one another learn, and each form has particular skills and pro-
cedures that optimize its effectiveness. For example, middle-grade science teachers
are particularly concerned about encouraging girls, as well as boys, and members of
groups underrepresented in science (typically minorities and those from lower and
working class families), as well as those well represented (typically white and those
of middle class and professional families). Two coaching programs—Teachers Ef-
fectiveness for Student Achievement (TESA) and Gender and Equity for Student
Achievement (GESA)—help teachers focus classroom observations on the amounts
and kinds of attention that they give different students. This is eye-opening for many
teachers, who believe they provide their students with equal opportunities to learn
science. In reality, teachers limit the amount of time some students have to partici-
pate (e.g., they call on some more than others) and the level of demand they put on
students’ thinking (e.g., teachers ask some students to recall facts and others to create
explanations for natural phenomena). Teachers participating in these professional
development programs come to understand that they do not give all students equal
opportunities to learn.

Standard D: Comprehensive, Sustained Professional Development (Table 4)
More and more professional developers are recognizing that teachers need opportu-
nities to study the content and pedagogy they need to know over long periods of
time, with coherence of content and context and in a way that allows for regular
application and retlection (Loucks-Horsley, Hewson, Love, & Stiles, 1998). Yet there
are still many “menu-driven” offerings: catalogues from which teachers can select
two- to six-hour disconnected workshops and courses that have no connection to
their teaching and their students. As consumers of professional development, teach-
ers need to learn to demand more comprehensive, long-term opportunities to learn.
Professional development providers (which can include teacher leaders, district ad-
ministrators, higher education faculty, trainers and consultants external to school
districts) in districts, universities, and other locations need to abandon their over-
whelming emphasis on short-term workshops and institutes® and design better op-
portunities to help teachers truly transform their practice.

Long-term professional development programs and initiatives are appearing at
every level of the system. For example, there are districts offering teachers 100 hours
of professional development that incorporates implementation of new instructional
materials; universities offering masters programs that focus on integrated science
and curriculum development; and professional networks offering physics teachers
the opportunity to share teaching strategies and dilemmas and learn new programs
designed to engage more high school students in learning physical science. These
and other approaches to teacher professional development incorporate Standards A—
C in ways that are comprehensive and sustained, thus addressing Standard D as well.
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Table 4: Professional Development Standard D

Professional development programs for teachers of science must be coherent and integrated.
Quality preservice and inservice programs are characterized by:

& Clear, shared goals based on a vision of science learning, teaching, and teacher development
congruent with the National Science Education Standards.

¢ Integration and coordination of the program components so that understanding and ability
can be built over time, reinforced continuously, and practiced in a variety of situations.

& Options that recognize the developmental nature of teacher professional growth and individual
and group interests, as well as the needs of teachers who have varying degrees of experience,
professional expertise, and proficiency.

¢ Collaboration among the people involved in programs, including teachers, teacher educators,
teacher unions, scientists, administrators, policymakers, members of professional and scien-
tific organizations, parents, and business people, with clear respect for the perspectives and
expertise of each.

& Recognition of the history, culture, and organization of the school environment.

& Continuous program assessment that captures the perspectives of all those involved, uses a
variety of strategies, focuses on the process and effects of the program, and feeds directly into

program improvement and evaluation.

(NRC, 1996:70)

Conclusion

Standards and professional development are critical companions. Professional de-
velopment is needed for standards to move outside the very documents that contain
them and eventually into the practice of every teacher and the learning of every
student. Fortunately, standards for professional development provide criteria for judg-
ing whether the learning opportunities available to teachers and other educators are
the ones that will lead them to support ambitious learning goals for all students.

Notes

! Although system change requires that all professionals acquire new knowledge and skills, in this
section we focus on teachers as learners, especially because readers are more likely to work with
teachers in professional development settings.

Note that these examples are meant to illustrate the professional development standards, not to
provide activities to adopt unless they fit a carefully crafted, long-term design for protessional
development. The Loucks-Horsley and Stiles chapter in this book discusses program design, de-
scribing how activities such as these and many others form a repertoire for professional developers
that can be drawn upon, depending on teacher needs and the constraints and resources of the con-
text.

Note that we have not suggested that all short-term workshops and institutes are necessarily inef-
fective, but they should be part of a longer-term design by either individual teachers as they con-
struct their long-term learning goals and activities or professional developers whose role it is to
help teachers transform their teaching practice.
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In today’s world of new discoveries and constantly evolving scientific knowledge,
students must learn more than can be absorbed from simply reading about sci-
ence—they need to do science, becoming critical thinkers and evaluators of what
they observe and learn. This requires that teachers teach in ways that are often new
and unfamiliar to them, and that they have the science content knowledge necessary
to help them guide their students’ thinking and understanding.

Currently, most teachers across the country continue to attend one-time work-
shops that rarely help them integrate new teaching strategies into their classrooms
(National Commission on Teaching & America’s Future, 1996). Changing science
teaching and learning means changing the ways in which professional development
meets teachers’ needs.

What would this “new” professional development look like? Loucks-Horsley,
Stiles, and Hewson (1996) examined national standards and related materials to de-
termine whether the leading science and professional development organizations share
a common understanding of and promotion for what a new vision of professional
development should resemble. Their review indicated that these organizations do, in
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fact, share a common vision and suggested that the best professional development
experiences for science teachers include the following principles:

1. A commitment to the concept that all children can and should learn science in
ways that reflect an emphasis on inquiry-based learning, problem-solving, student
investigation and discovery, and application of knowledge.

If teachers are to address the learning of all students, their professional develop-
ment must engage them in learning major science concepts, understanding how chil-
dren learn science, practicing and implementing new teaching strategies, and mak-
ing informed decisions concerning science curriculum and instruction,

2.  The implementation and modeling of instructional methods to promote adult
learning of science that mirror the methods to be used with students.

Professional development must build on teacher’ current knowledge and practices
in science, introducing them to new information and strategies in ways that allow them
to deepen their science content knowledge and build their pedagogical content knowl-
edge (Shulman, 1987)—knowing how to teach science concepts and principles to stu-
dents of all ages and developmental levels. Teachers need the opportunity to work
collaboratively and reflect on what they are learning, and the time to practice the skills
they are learning—the same opportunities they must give their students.

3. Professional development experiences that build a community and culture of learn-
ing and enhance the capacity of teachers to become science education leaders.

Community and leadership cannot occur if teachers remain isolated from each
other. Departments and schools must institute policies and procedures that support
teacher collaboration, risk taking, collegiality with other teachers as well as with
experts outside of the school environment, and teachers taking on leadership roles
within and outside of the school. Developing this community requires recognition
that professional learning is a lifelong process that is best nurtured within the norms
and culture of the school.

4. Consciously designed structures that link professional development in science to
other parts of the educational system.

Aligning professional development with science standards, curriculum frame-
works, and assessments can help ensure that what teachers are learning and imple-
menting in their classrooms is consistent with the goals and policies of the school
and district. Establishing consistency across all levels of the system reflects a com-
mitment to long-term, sustained professional development that promotes student and
teacher learning.

5. Professional development programs that constantly review and assess their effec-
tiveness and ability to meet their goals and align with their vision.

Quality programs establish regular and consistent procedures for evaluating both
short-term effectiveness (i.e., teacher satisfaction and engagement) and long-term
impact (i.e., changes in science teaching, student learning, the school community) in
order to continuously improve design and implementation.
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A Framework for Designing Professional Development

Professional development that reflects these principles does not simply emerge;
it results from a deliberate process of designing learning opportunities for teachers
that enhance their science teaching and their students’ learning of science teacher
leaders, school or district administrators, curriculum coordinators, staff developers,
university-based teacher educators, and outside trainers or consultants—have an im-
portant challenge. People who design professional development—including like teach-
ing in a classroom, each professional learning situation for
adults requires a set of strategies that address the goals, au- Four inputs are
dience, and opportunities and constraints of the context— critical to consider
one size usually does not fit all.

There are several elements that need to be carefully con-
sidered when designing professional development. Figure 1 pr ofessional
illustrates a design that organizes these elements in ways deve lopment:
that suggest both how to design a new program and how to
analyze the design of an existing program framework context, knOW/edge
(Loucks-Horsley, Hewson, Love, & Stiles, 1998). and beliefs, critical

The four boxes through the center of the framework rep- issues, an d

resent a planning and design process that guides the work of
professional developers. This process emphasizes that de-
signing professional development is strategic, thoughtful professiona/
work and not simply a matter of always offering what is learn ing.
easiest, most expedient, or most attractive at the moment.
At the beginning of the process, designers identify and agree upon goals and desired
outcomes—-all other elements of the design are guided by these. Laying out a plan
that carefully considers all other elements and establishes a time line for the plan
leads to implementation. Continually reflecting and evaluating at each step of the
process enables designers to adjust continuously, as well as to return to earlier plans
in order to make improvements.

This planning cycle guides the overall design of a professional development pro-
gram or initiative; it is also used to monitor specific events to increase effectiveness.
Thus, the four-step cycle can occur over several months or within the context of an
hour-long experience. And it is not always a sequential process; often, designers find
themselves in the midst of implementing a plan and want to “go backward” and
rethink whether the plan meshes with their goals and desired outcomes.

The design framework includes four inputs that are critical to consider when
designing professional development: context, knowledge and beliefs, critical issues,
and strategies for professional learning. These inputs inform the development of a
plan uniquely designed to meet the particular needs of the teachers and students it is
intended for.

when designing

strategies for
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Figure 1: Professional Development Design Framework
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From Designing Professional Development for Teachers of Science and Mathematics, (p.17) by
Susan Loucks-Horsley, Peter W. Hewson, Nancy Love, and Katherine W. Stiles, with Hubert M.
Dyasi, Susan Friel, Judith Mumme, Carey |. Sneider, and Karen L. Worth, 1998, Thousand Oaks,
CA: Corwin Press. Copyright 1998 by Corwin Press. Reprinted with permission.

Context

Designers need to carefully analyze and understand the context in which their teach-
ers teach and their students learn. The authors (Loucks-Horsley et al., 1998) identi-
fied several factors that constitute the context: the needs and nature of the students;
the backgrounds, needs, and teaching responsibilities of the teachers; the resources
available and the degree of community support; the organization, expectations, and
current demands of the schools and districts; and the history of professional develop-
ment that teachers have engaged in previously. When they understand all of these
elements, designers are better able to develop a professional development program
that fits the specific needs of the teachers and students.

Knowledge and Beliefs

Designers need not design professional development programs or initiatives from
scratch nor need they work in a vacuum. They have a broad knowledge base from
research and best practice from which to start. Specifically, Loucks-Horsley and her
associates (1998) point to several areas in which there is substantial information that
can and should influence the ultimate design: learners and how they learn, teachers
and how they teach, the nature of science as a discipline, professional development
and the principles that guide a design to ensure it is effective, and the change process
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that takes place in both individuals and organizations. Knowledge in all of these
areas—knowledge that is grounded in research, as well as in the “craft wisdom” of
experienced professional developers—influences the choices the designers make as
they develop a plan.

Critical Issues

Critical issues are just that—critical. Although designers do not necessarily need to
address all of these issues at the onset of a program, they do need to consider the
important roles these issues may play as the program is underway. In some cases,
neglecting one of these issues may block the success of the professional development.
The issues are: ensuring equity, building a professional culture, developing leadership,
building capacity for professional learning, scaling up re- .
sources, garnering public support, supporting standards and It is knOWIEdge of
frameworks, evaluating professional development, and find- | the repertoire of
ing time for professional development. Knowing that these
issues can influence the effectiveness of a professional devel- .
opment program alerts designers to pay attention to each of which to choose
them at some point during the life of the program. that increases the

strategies from

_ effectiveness of the
Strategies for Professional Learning

No longer are designers limited to one-time workshops. pr ofessional
There are numerous strategies that can be combined in dif- | development
ferent ways at different times to enhance teacher learning
(Loucks-Horsley et al., 1998). Selecting among the strate- LT
gies and knowing how to combine them at different points Initiative.
throughout a program depends on the knowledge of best
practice, the particular context, and the analysis to critical issues discussed earlier.
There is no one right way to select and combine the strategies; each situation re-
quires its own unique model. It is knowledge of the repertoire of strategies from
which to choose that increases the effectiveness of the professional development
program or initiative. The Eisenhower National Clearinghouse for Mathematics and
Science Education (1998) synthesized the work of Loucks-Horsley et al. (1998) and
categorized the 15 strategies identified by these authors according to the nature of
the strategies and the purposes of each (see Table 1).

program or

Designs for Professional Development

The first half of this article has been about designing professional development—
that is, using a process that ensures a more strategic, comprehensive, long-term, and
informed professional development program. This focus implies that the resulting
design is unique and must be developed from scratch, and that one combination of
professional learning strategies is as good as another combination. Yet just as the
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professional development community knows a great deal about the individual strat-
egies for professional learning, we are beginning to learn about professional devel-
opment designs—particular combinations of strategies that seem to work for par-
ticular goals and contexts.

In this section, we describe some of these designs, framing the descriptions with
the questions: What are some of the most pressing challenges that professional devel-
opers seem to be facing, and what designs are helping them meet those challenges?
First, the challenges. One challenge is to strengthen the sci-
ence content knowledge of teachers. This challenge is very

reach many is complex. It involves helping teachers who have had no or

exacerbated by the extremely limited opportunities to learn science, such as the

typical elementary school teacher and middle or high school

need for each teachers prepared to teach content areas other than science. It

teacher to have also involves updating the content knowledge of teachers

more sustained time whose content was learned in courses that viewed science as

: a body of information to be learned rather than a way of un-

derstanding and knowing the natural world. If the core of sci-

and refine his or her | ence is scientific inquiry and teachers have neither experi-

knowledge and enced nor developed the abilities of inquiry, they lack

. fundamental understandings needed to teach science to

skills. today’s—and certainly tomorrow’s— students. Strengthen-

ing the science knowledge of a large percentage of teachers is
a major challenge for professional developers.

One of the critical issues noted above is another particularly demanding chal-
lenge: scaling up. Professional developers are challenged by the large numbers of
teachers who have learning needs (which includes all teachers, although their learn-
ing needs vary). The challenge to reach many is exacerbated by the need for each
teacher to have more sustained time to learn, practice, and refine his or her knowl-
edge and skills. The challenge to professional developers is to do more for more
teachers; thus, different designs are called for.

A third challenge for professional developers is promoting systemic reform. The image
of the professional developer as one who finely crafts workshops for a relatively small
number of teachers who come from a number of different schools or districts is becoming
a thing of the past. Increasingly, professional development includes both individual teacher
development and organization development (and here the organization might be the depart-
ment, school, or district). It comes from recognizing that those few teachers mentioned
above often return to schools where they have no support from administrators, materials to
work with, colleagues to collaborate with, or goals to share and, as a result, never use what
they learned in their workshops, no matter how good they are. Further, could they over-
come these problems, these same teachers are often faced with a curriculum and assess-
ments at odds with what they leamed; school, district, or state mandates or priorities that
work against using what they learned; and other professional development offerings that
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Table 1: Strategies for Professional Learning

Strategies AB CDE
Immersion
1. Immersion in Inquiry into Science and Mathematics: Engaging in the x X X

kinds of learning that teachers are expected to practice with their students—that
is, inquiry-based science investigations or meaningful mathematics problem solv-
ing.
2. Immersion in the World of Scientists and Mathematicians: Participating in an x X
intensive experience in the day-to-day work of a scientist or mathematician, often in
a laboratory, industry, or museum, with full engagement in research activities.

Curriculum

3. Curriculum Implementation: Learning, using, and refining use of a particular x x X
set of instructional materials in the classroom.

4. Curriculum Replacement Units: Implementing a unit of instruction that x x X

addresses one topic or concept and incorporates effective teaching and learn-
ing strategies to accomplish learning goals.

5. Curriculum Development/Adaptation: Creating new instructional ma- x X
terials and strategies or tailoring existing ones to meet the learning needs of
students.

Examining Practice

6. Action Research: Examining teachers’ own teaching and their students’ X X
learning by engaging in a research project in their classroom.

7. Case Discussions: Examining written narratives or videotapes of class- X X X
room teaching and learning and discussing what is happening and the prob-
lems, issues, and outcomes that ensue.

8. Examining Student Work and Student Thinking and Scoring Assessments: X X X X
Carefully examining students” work and products to understand their thinking
and learning strategies and identify their learning needs and appropriate teach-
ing strategies and materials.

Collaborative Work

9. Study Groups: Engaging in regular, structured, and collaborative interac- X X X
tions regarding topics identified by the group, with opportunities to examine
new information, reflect on their practice, or assess and analyze outcome
data.

{(continued on following page)

A Strategies that focus on developing awareness are usually used during the beginning phases
of a change. The strategies are designed to elicit thoughtful questioning on the part of the teachers
concerning new information.

B Strategies that focus on building knowledge provide opportunities for teachers to deepen their
understanding of mathematics content and teaching practices.

C Strategies that help teachers translate new knowledge into practice engage teachers in drawing on their
knowledge base to plan instruction and improve their teaching.

D Strategies that focus on practicing teaching help teachers learn through the process of using
a new approach with their students. As teachers practice new moves in their classraoms, they
deepen their understanding.

E Strategies that provide opportunities to reflect deeply on teaching and learning engage teach-
ers in assessing the impact of the changes on their students and thinking about ways to improve.
These strategies also encourage teachers to reflect on others’ practice, adapting ideas for their
own use.

NOTE: A capital “X” indicates the primary purpose for each strategy and a lowercase “x” indicates
one or more secondary purposes.
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Strategies AB CDE

10. Coaching and Mentoring: Working one-on-one with an equally or more x x X ox
experienced teacher to improve teaching and learning through a variety of
activities, including classroom observation and feedback, problem solving,
troubleshooting, and coplanning.
11. Partnerships with Scientists and Mathematicians in Business, Industry, x X
and Universities: Working collaboratively with practicing scientists and math-
ematicians with the focus on improving teacher content knowledge, instructional
materials, and access to facilities and on acquiring new information.
12. Professional Networks: Linking in person or through electronic means
with other teachers or groups to explore and discuss topics of interest, set and X X x X
pursue common goals, share information and strategies, and identify and
address common problems.
Vehicles and Mechanisms
13. Workshops, Institutes, Courses, and Seminars: Using structured oppor-
tunities outside of the classroom to focus intensely on topics of interest, includ- X X X
ing science or mathematics content, and learn from others with more expertise.
14. Technology for Professional Learning: Using various kinds of technol-
ogy to learn content and pedagogy, including computers, telecommunications,
videoconferencing, and CD-ROM and videodisc technology. x X x X
15. Developing Professional Developers: Building the skills and knowledge
needed to create learning experiences for other educators, including design of
appropriate professional development strategies; presenting, demonstrating, and x x X X
supporting teacher learning and change; and understanding in-depth the content
and pedagogy required for effective teaching and learning of students and other
educators.

have little or nothing to do with what they have learned. If professional developers are
indeed going to succeed in helping teachers become more knowledgeable and skilled in
teaching, their professional development designs need to address this challenge of chang-
ing the system, not just the individual teacher.

If those are the challenges—building teachers’ science content knowledge, scaling up,
and promoting systemic reform—then what designs for professional development seem to
hold promise for addressing these challenges? Just as there are no surefire models of eftec-
tive professional development, there are no surefire designs to meet all these challenges.
Yet there are some interesting combinations of strategies that appear to hold promise.

Strengthening Teacher Content Knowledge Through Study of Curriculum
As noted in Table 1, curriculum figures prominently in several professional develop-
ment strategies. These curriculum-related strategies also combine in interesting ways
with other strategies to address each of the challenges discussed above.

Curriculum is the way content is organized and delivered by teachers to their stu-
dents. It includes the content, teaching strategies (including assessment strategies), and
learning environments selected and used by the teacher (National Resource Center, 1996).
It is typically determined by the textbooks that schools and teachers choose to use; but,
increasingly, states and districts are concerned that students should have learning experi-
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ences across their K—12 school career that carefully build the knowledge and skills delin-
eated in their standards documents. Therefore, in many cases, the science curriculum is
determined by districts responsible for K-12 education and, when done well, creates the
framework in which teachers can teach and students can achieve the valued outcomes.
Returning to the professional development challenge: In a context where teachers are
limited in their own depth of understanding of the science content in ambitious standards
documents, professional developers can begin by using a curriculum-related strategy.
These include curriculum implementation, curriculum replacement units, or curriculum
adaptation. We have not listed the strategy of “curriculum development,” because this
requires teachers who have high levels of content knowledge. Teachers can use curricu-
lum materials that are carefully developed to provide students with experiences to help
them achieve those standards. There are many materials that have been developed over
the past five or more years with National Science Foundation funds and are available as
alternatives to commercial textbooks. Research and experience are beginning to show
that when teachers learn to use these new programs with their students, the teachers
themselves learn important science content (Russell, 1996) and their students show learning
gains (Cohen & Hill, 1998). The early professional development is typically in workshop
or institute formats, with careful exploration of what content students learn from the
materials and how teachers can use them. Subsequent professional development that
sustains and deepens teacher learning over time uses the strategies of coaching or
mentoring—in which teachers are observed using the materials and suggestions made
for improving their practice—and examining student work, in which teachers share stu-
dent products such as reports of their inquiries and responses to assessments and discuss
the student thinking that is indicated by those responses. Case discussions, using either
written cases or videos of teaching, are another strategy for deepening teacher under-
standing of what students are learning, which includes the science content the teachers
sometimes do not know well. Early professional development emphasizes the mechanics
and management of the materials; later, it focuses on student thinking and learning. This
aligns with the development of teachers’” questions and concems as they implement new
and challenging materials with their students (Loucks-Horsley & Stiegelbauer, 1991).

Scaling-Up

The above scenario in many ways addresses the second issue as well: scaling-up, or
reaching a large number of teachers. A common set of curriculum materials—ones
that carefully build student conceptual understanding over the grades—provides a
focus for teachers within a grade level (because they are mastering the same materi-
als and science concepts) and then across grades (where the issue of student concept
development over time and articulation over time can be an important focus for ex-
ploration and discussion). This works best when professional development is school-
based—that is, all teachers in the school have common learning experiences related
to their curriculum materials, with opportunities to work out how these materials
will be used with their students in their particular school situation.
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When professional development is school-based, there is more opportunity for it
to be “job-embedded” (Sparks, 1994)—that is, learning is structured to occur at the
same time as teachers are teaching, thus eliminating the need for large amounts of
released time. Job-embedded strategies include action research, where teachers iden-
tify questions they have about their students and teaching, design an inquiry, gather
data, and analyze the data to respond to their questions; coaching and mentoring are
job-embedded, as is the gathering of particular kinds of student work. Although such
strategies require protected time for teachers to meet together and process what they
are learning, that time is on-site and can be in one- to two- hour segments, making it
more cost effective than the alternative, “pull-out” professional development pro-
: grams. A further advantage is that teachers’ work together

Professional is firmly grounded in their common school and classroom
development contexts and relates to the students for whom they share
designs that address | responsibility. , .
. . Professional development designs that address the is-
the issue of Scalmg _sue of scaling up also make use of the strategy of develop-
up also make use of ifig professional developers. This strategy begins with teach-
the strategy of ers or others who have been through sustained professional
development in the curriculum materials and used them care-
fully over time, then provides them with knowledge, skills,
pr ofessional and strategies for working with adult learners and support-
deve/opers. ing teachers as they change their practice. These profes-
sional developers are equipped to use a variety of strategies
such as those described earlier; for example, they can conduct workshops and insti-
tutes, facilitate case discussions and examinations of student work, coach and men-
tor, and lead action research seminars. They learn to design professional develop-
ment—that is, they can identify a set of goals, analyze the context, and select the
most promising professional development strategy(ies). Building this capacity for
supporting the professional learning of other teachers takes time; in this way, this
strategy differs from some of the “training of trainers” strategies of the past, in which
teachers attended workshops or institutes and were expected to return to conduct the
same for their colleagues. Allotting the time and attention required to build new
professional developers, especially among teachers, is another way to address the
issue of scaling-up.

developing

Promoting Systemic Reform

Finally, this combination of strategies contributes to systemic change. As profes-
sional developers use the design framework, they become increasingly sensitive to
the other components of the system that must be attended to for teacher learning to
both succeed and be sustained. In the combination of strategies noted above, for
example, the inclusion of a carefully selected, standards-based set of curriculum
materials as a focus for teacher learning has brought together two essential compo-
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nents of the system: curriculum and professional development. Instructional strate-
gies and assessment are naturally included in professional development focused on
this kind of curriculum,

In addition, when professional developers use the design framework, they develop
the habit of continuous reflection and revision, a critical process in systems thinking.
In the scenario above, this skill is spread widely among edu-

: ; Use of the
cators through the strategy of developing professional devel-
opers. It is not reserved only for the original planning team. framework for
Similarly, attention to the many inputs into design, the knowl- desi gn ing
edge base, the critical issues, and a repertoire of strategies
broadens the view of what needs to go into decision making
and deepens knowledge of learning, teaching, and the change development helps
process. And it reinforces the need for sustained initiatives educators learn how
that touch a critical mass of educators strongly committed to
a common vision. We have discovered that use of the frame- R )
work for designing professional development helps educa- initiatives, not just
tors learn how to design systemic initiatives, not just profes- professional
sional development.

professional

to design systemic

development.

Conclusion

Our work in professional development has only begun. Important questions remain about
the efficacy of particular strategies or combinations of strategies and their ability to focus
critical attention on learning and teaching of important science content, abilities, and
habits of mind. The design framework and identified strategies are tools that appear to be
useful for professional developers as they explore their work and labor to increase their
impact. Indeed, they serve as lenses for inquiry into their complex and ever-challenging
mission of increased learning for all.
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Helping students develop adequate conceptions of the nature of science (NOS)
is a perennial objective in science education (American Association for the
Advancement of Science [AAAS], 1990, 1993; Klopfer, 1969; National Research
Council [NRC], 1996; National Science Teachers Association [NSTA], 1982). In-
deed, this objective has been agreed upon by most scientists and science educators
for the past 90 years (Central Association of Science and Mathematics Teachers,
1907; Kimball, 1967-68; Lederman, 1992). Presently, despite their varying peda-
gogical or curricular emphases, there is strong agreement among the major reform
efforts in science education (AAAS, 1990, 1993; NRC, 1996) about the importance
of enhancing students’ conceptions of the NOS. In fact, “the longevity of this educa-
tional objective has been surpassed only by the longevity of students’ inability to
articulate the meaning of the phrase ‘nature of science,” and to delineate the associ-
ated characteristics of science (Lederman & Niess, 1997, p. 1).” Despite numerous
attempts, including the major curricular reform efforts of the 1960s, to improve stu-
dents’ views of the scientific endeavor, students have consistently been shown to
possess inadequate understandings of several aspects of the NOS (e.g., Aikenhead,
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1973; Bady, 1979; Broadhurst, 1970; Lederman & O’Malley, 1990; Mackay, 1971;
Mead & Metraux, 1957; Rubba & Andersen, 1978; Tamir & Zohar, 1991; Wilson,
1954).

Consequently, it is only natural to ask whether there are reasons to believe that
the recent reforms in science education are more likely to impact students’ under-
standings of the NOS than their predecessors. It is our view that the current reform
documents’ emphasis on the NOS are likely to have as little impact as earlier efforts.
Two critical and interrelated omissions that have typified previous efforts are, unfor-
tunately, evident in the more recent reform documents. There is not, and there has
not been, a concerted professional development effort to clearly communicate, first,
what is meant by the “NOS” and, second, how a functional understanding of this

valued aspect of science can be communicated to K—12 stu-
In rea[,‘ty/ the NOS dents. Perhaps the lack of professional development con-
cerns related to the NOS is a consequence of the misunder-
standing that the NOS is just a small aspect of subject matter
more than a small understanding. After all, within the National Science Edu-
piece of the sub ject cation Standards, the NOS is primarily addressed at the end
of the long litany of specific science subject matter and pro-
cesses that students are expected to “know and do.” In real-
the Standards. ity, the NOS represents much more than a small piece of the
subject matter specified in the Standards. NOS permeates
all areas of the discipline-specific standards and is a critical component of the stan-
dards on “science as inquiry.” Furthermore, an understanding of the NOS underlies
the essence of the Teaching and Assessment Standards. And it is easily argued that a
teacher who lacks adequate conceptions of the NOS and a functional understanding
of how to teach this valued aspect of science cannot orchestrate the types of instruc-
tional activities and atmosphere or even assess students’ progress as specified in the
Standards. Indeed, a functional understanding of the NOS by teachers is clearly pre-
requisite to any hopes of achieving the vision of science teaching and learning speci-
fied in the National Science Education Standards. In the following sections, we will
clarify the meaning of the NOS and provide a series of concrete, classroom-tested
approaches for promoting student understandings.

represents much

matter specified in

What is the NOS?

The phrase “nature of science” typically refers to the epistemology of science, sci-
ence as a way of knowing, or the values and beliefs inherent to the development of
scientific knowledge (Lederman, 1992). Beyond these general characterizations, no
consensus presently exists among philosophers of science, historians of science, sci-
entists, and science educators on a specific definition for the NOS. This lack of con-
sensus, however, should neither be disconcerting nor surprising, given the multifac-
eted nature and complexity of the scientific endeavor. Conceptions of the NOS have
changed throughout the development of science and systematic thinking about sci-
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ence and are reflected in the ways the scientific and science education communities
have defined the phrase “nature of science” during the past 100 years (e.g., AAAS,
1990, 1993; Central Association for Science and Mathematics Teachers, 1907; Klopfer
& Watson, 1957; NSTA, 1982).

It is our view, however, that many of the disagreements about the definition or
meaning of the NOS that continue to exist among philosophers, historians, and sci-
ence educators are irrelevant to K—12 instruction. The issue of the existence of an
objective reality as compared to phenomenal realities is a case in point. We argue
that there is an acceptable level of generality regarding the NOS that is accessible to
K-12 students and relevant to their daily lives. Moreover, at
this level, little disagreement exists among philosophers, his- Many of the
torians, and science educators. Among the characteristics of disa greements a bout
the scientific enterprise corresponding to this level of gen- .
erality are that scientific knowledge is tentative (subject to the definition or
change); empirically-based (based on and/or derived from meaning of the NOS
observations of the natural world); subjective (theory-laden); that continue to
necessarily involves human inference, imagination, and cre- .
ativity (involves the invention of explanations); and is so- exist among
cially and culturally embedded. Two additional important philosophers,
aspects are the distinction between observations and infer- historians, and
ences and the functions of and relationships between scien- .
tific theories and laws. We now briefly consider these char- science educators
acteristics of science and scientific knowledge. are irrelevant to

First, students should be aware of the crucial distinction K-12 instruction.
between observation and inference. Observations are descrip-
tive statements about natural phenomena that are “directly” accessible to the senses (or
extensions of the senses) and about which several observers can reach consensus with
relative ease. For example, objects released above ground level tend to fall and hit the
ground. By contrast, inferences are statements about phenomena that are not “directly”
accessible to the senses. For example, objects tend to fall to the ground because of
“gravity.” The notion of gravity is inferential in the sense that it can only be accessed
and/or measured through its manifestations or effects. Examples of such effects in-
clude the perturbations in predicted planetary orbits due to interplanetary “attractions”
and the bending of light coming from the stars as its rays pass through the sun’s “gravi-
tational” field.

Second, closely related to the distinction between observations and inferences is
the distinction between scientific laws and theories. Individuals often hold a simplistic,
hierarchical view of the relationship between theories and laws, whereby theories be-
come laws depending on the availability of supporting evidence. It follows from this
notion that scientific laws have a higher status than scientific theories. Both notions,
however, are inappropriate because, among other things, theories and laws are differ-
ent kinds of knowledge and one cannot become the other. Laws are statements or
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descriptions of the relationships among observable phenomena. Boyle’s law, which
relates the pressure of a gas to its volume at a constant temperature, is a case in point.
Theories, by contrast, are inferred explanations for observable phenomena. The ki-
netic molecular theory, which explains Boyle’s law, is one example. Moreover, theo-
ries are as legitimate a product of science as laws. Scientists do not usually formulate
theories in the hope that one day they would acquire the status of “law.” Scientific
theories, in their own right, serve important roles, such as guiding investigations and
generating new research problems, in addition to explaining relatively huge sets of
seemingly unrelated observations in more than one field of
Science involves the investigation. For example, the kinetic molecular theory serves
invention of | to explain phenomena that relate to changes in the physical
. states of matter, others that relate to the rates of chemical re-
exp I anations, and actions, and still other phenomena that relate to heat and its
this requires a great | transfer, to mention just a few.
deal of Creativity by Third, even though scientific knowledge is, at least par-
tially, based on and/or derived from observations of the
natural world (i.e., empirical), it nevertheless involves hu-
man imagination and creativity. Science, contrary to com-
mon belief, is not a lifeless, rational, and orderly activity. Science involves the
invention of explanations, and this requires a great deal of creativity by scientists.
The “leap” from atomic spectral lines to Bohr’s model of the atom, with its elabo-
rate orbits and energy levels, is a case in point. This aspect of science, coupled
with its inferential nature, entails that scientific concepts, such as atoms, black
holes, and species, are functional theoretical models rather than faithful copies of
reality.

Fourth, scientific knowledge is subjective or theory-laden. Scientists’ theoretical com-
mitments, beliefs, previous knowledge, training, experiences, and expectations actually
influence their work. All these background factors form a mind-set that affects the prob-
lems scientists investigate and how they conduct their investigations, what they observe
(and do not observe), and how they make sense of or interpret their observations. It is this
(sometimes collective) individuality or mind-set that accounts for the role of subjectivity
in the production of scientific knowledge. It is noteworthy that, contrary to common
belief, science never starts with neutral observations (Chalmers, 1982). Observations
(and investigations) are always motivated and guided by and acquire meaning in refer-
ence to questions or problems. These questions or problems, in turn, are derived from
within certain theoretical perspectives.

Fifth, science as a human enterprise is practiced in the context of a larger culture
and its practitioners (scientists) are the product of that culture. Science, it follows,
affects and is affected by the various elements and intellectual spheres of the culture
in which it is embedded. These elements include, but are not limited to: social fabric,
power structures, politics, socioeconomic factors, philosophy, and religion. An ex-
ample may help to illustrate how social and cultural factors impact scientific knowl-
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edge. Telling the story of the evolution of humans (Homo sapiens) over the course of
the past 7 million years is central to the biosocial sciences. Scientists have formu-
lated several elaborate and differing story lines about this evolution. Until recently,
the dominant story was centered about “the man-hunter” and his crucial role in the
evolution of humans to the form we now know (Lovejoy, 1981). This scenario was
consistent with the white-male culture that dominated scientific circles up to the
1960s and early 1970s. As the feminist movement grew stronger and women were
able to claim recognition in the various scientific disciplines, the story about homi-
nid evolution started to change. One story that is more consistent with a feminist
approach is centered about “‘the female-gatherer” and her central role in the evolu-
tion of humans (Hrdy, 1986). It is noteworthy that both story lines are consistent with
the available evidence.

Sixth, it follows from the previous discussions that scientific knowledge is never
absolute or certain. This knowledge, including “facts,” theories, and laws, is tenta-
tive and subject to change. Scientific claims change as new evidence, made possible
through advances in theory and technology, is brought to bear on existing theories or

" laws, or as old evidence is reinterpreted in the light of new theoretical advances or
shifts in the directions of established research programs. It should be emphasized
that tentativeness in science does not only arise from the fact that scientific knowl-
edge is inferential, creative, and socially and culturally embedded. There are also
compelling logical arguments that lend credence to the notion of tentativeness in
science. Indeed, contrary to common belief, scientific hypotheses, theories, and laws
can never be absolutely “proven.” This holds irrespective of the amount of empirical
evidence gathered in support of one of these ideas or the
other (Popper, 1963, 1988). For example, to be “proven,” a There are
certain scientific law should account for every single instance compe llin g log ical
of the phenomenon it purports to describe at all times. It can
logically be argued that one such future instance, of which
we have no knowledge whatsoever, may behave in a man- credence to the
ner contrary to what the law states. As such, the law can notion of
never acquire an absolutely “proven” status. This equally
holds in the case of hypotheses and theories.

Finally, before considering approaches that can be used science.
to facilitate student learning of the NOS and their relative
effectiveness, it is important to note that individuals often conflate the NOS with
science processes. Although these aspects of science overlap and interact in important
ways, it is nonetheless important to distinguish the two. Scientific processes are ac-
tivities related to collecting and analyzing data and drawing conclusions (AAAS, 1990,
1993; NRC, 1996). For example, observing and inferring are scientific processes. On
the other hand, the NOS refers to the epistemological underpinnings of the activities
of science. As such, realizing that observations are necessarily theory-laden and are
constrained by our perceptual apparatus belongs within the realm of the NOS.

arguments that lend

tentativeness in
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Professional development efforts must not conclude, as they have in the past,
with the development of adequate teacher understandings. The research is quite clear
that teachers’ understandings do not automatically translate into classroom practice.
Certainly, teachers must have an in-depth understanding of what they are expected to
teach. However, professional development efforts must also emphasize how teach-
ers can successfully facilitate the development of students’ understandings of the
NOS. In the following pages, we present a series of classroom-tested activities/ap-
proaches that facilitate the development of students’ conceptions. Presentation of
these activities/approaches is preceded by a short discussion of two widely advo-
cated approaches that, although intuitive, consistently lack supportive empirical evi-
dence of success.

Communicating Functional Understandings of the NOS

Three general approaches have been used to enhance students’ and teachers’ under-
standings of the NOS. The first approach—Ilabeled here as an implicit approach—
suggests that by “doing science” students will also come to understand the NOS (Lawson,
1982; Rowe, 1974). This approach was adopted by most of the curricula of the 1960s
and 1970s that emphasized hands-on, inquiry-based activities and/or process-skills
instruction. Research studies have indicated that the implicit approach was not effec-
tive in enhancing students’ and teachers’ understandings of the NOS (e.g., Durkee,
1974; Haukoos & Penick, 1985; Riley, 1979; Spears & Zollman, 1977; Trent, 1965;
Troxel, 1968). It should be noted that two interrelated assumptions underlie the im-
plicit approach and compromise its effectiveness. The first depicts attaining an under-
standing of the NOS to be an “affective” (as compared to a cognitive) learning out-
come. This first assumption entails the second assumption; the assumption that learning
about the NOS would result as a by-product of “doing science.”

The second approach—the historical approach—suggests that incorporating the
history of science (HOS) in science teaching can serve to enhance students’ views of
the NOS. History of Science Cases for High Schools (Klopfer & Watson, 1957) and
Harvard Project Physics (Rutherford, Holton, & Watson, 1970) were two notable
curriculum development efforts that included substantial attention to the HOS at the
high school level. However, a review of the efforts that aimed to assess the influence
of incorporating the HOS in science teaching (Klopfer & Cooley, 1963; Solomon,
Duveen, Scot, & McCarthy, 1992; Welch & Walberg, 1972; Yager & Wick, 1966)
indicates that evidence concerning the effectiveness of the historical approach is, at
best, inconclusive.

The third approach suggests that the goal of improving students’ views of the
scientific endeavor “should be planned for instead of being anticipated as a side effect
or secondary product” of varying approaches to science teaching (Akindehin, 1988,
p- 73). This explicit approach uses instruction geared toward various aspects of the
NOS and utilizes elements from the history and philosophy of science to improve
learners’ views of the NOS. In general, relative to the implicit and historical approaches.
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the explicit approach has been more effective in helping learners achieve enhanced
understandings of the NOS (e.g., Akindehin, 1988; Billeh & Hasan, 1975; Carey &
Stauss, 1968, 1970; Jones, 1969; Lavach, 1969; Ogunniyi, 1983; Olstad, 1969).

We strongly believe that a functional understanding of the NOS can be best fa-
cilitated through an explicit reflective approach. We have developed a set of activi-
ties that we use in our own teaching to explicitly teach certain aspects of the NOS.
These activities have also been used with students at the elementary, middle, and
high school levels. It is our experience that such activities, coupled with the use of
specific historical episodes and elements from the philosophy of science, have been
effective in enhancing K—12 students’ and preservice/inservice science teachers’ views
of the NOS. Although it is not possible to provide a description of all these activities
here (see Lederman & Abd-El-Khalick, 1998), in what follows we present a few
examples. The first example relates to a class of “generic” activities referred to as
black box activities. The second example, “Real Fossils, Real Science” (Luchessa &
Lederman, 1992), is a content-embedded activity. The final example depicts the use
of perceptual Gestalts to help learners develop adequate conceptions of some impor-
tant aspects of the NOS.

Black Box Activities

In black box activities, students examine “phenomena” and attempt to explain how
they work. Without actually “seeing” what is inside the black box, students make
observations, collect data, draw inferences, and suggest hypotheses to explain their
data. Next, based on those hypotheses, students make predictions and devise “ways”
to test them. Based on their tests, they judge whether their hypotheses are appropri-
ate or not. Students finally construct models to explain the “phenomena” investi-
gated and test whether their models “work™ in mimicking the “behavior” of the original
phenomena. Such activities are followed by discussions that explicitly focus on the
distinction between observations and ipferences, the role of models and theoretical
constructs in science, the tentative nature of scientific knowledge, and the role of
creativity in devising scientific explanations.

The “Cans” is an example of a black box activity (see Figure 1). The materials
needed to prepare the setup include two ditto-master fluid or Coleman fuel cans (if
not available use two 500-mL Erlenmeyer flasks wrapped with aluminum foil), two
rubber stoppers, rubber tubing, one thistle tube or funnel, and glass tubing. (Op-
tional: ethyl alcohol, iodine, and food coloring.)

We start the activity with the “Cans” demonstration that supposedly represents a
natural “phenomenon.” The initial levels of liquid in Cans A and B appear in Figure
1. Using a beaker, we pour enough water into the thistle tube or funnel until water
starts pouring into the funnel from the glass tubing above. The water will now flow
for a long period of time. The “Cans” will appear to be a self-perpetuated or closed
system in which the liquid seems to cycle by itself! (Optional: Instead of clear water
in Can B, we fill half of the can with water colored with blue food coloring and
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Figure 1: Schematic of the cans

Pour water into , Glass
thistle funnel until \l Tubing
liquid flows into /

funnel from the

glass tubing above.
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level

........ H
{Optional: If you
decide to use two

: COlOrS, fill can with
colored water till

Initial Can A ) here and carefully lay
:gté'ld } above a layer of ethyl

S OO CN NSNS, (lcohol colored with

carefully pour ethyl alcohol colored with iodine above the colored water. A more
complex pattern of color changes will now be apparent.)

Note that, as with the “Cans,” a black box activity demonstration should present
students with an open-ended situation. The answer as to how the demonstration works
should not be readily available to students. This will ensure that students are faced with
a genuine problem. In the present example, students are often perplexed as to how the
“Cans” demonstration works. Their answers usually range from there being a small
pump inside the cans, all the way to very complex chemical reactions. Moreover, a
black box activity demonstration should be black! Students should not be able to “see”
what is going on “inside.” Most phenomena that scientists investigate are “black” in
the sense that they cannot be “directly” observed (e.g., atoms, black holes, reaction
dynamics, gravity, etc.). The teacher may elect at the conclusion of the activity to let
students see how the demonstration is set up. However, not doing that is more consis-
tent with the way science is conducted. Scientists do not have the luxury to open an
atom and “see” what it is all about. Despite that, scientists are able to produce rela-
tively reliable bodies of knowledge about the phenomena they investigate.

While the liquid flows, we ask students to make observations. We examine stu-
dents’ responses and help them to differentiate observations from inferences. For
example, “water is cycling between the two cans” and “gaseous pressure from a
chemical reaction pushes the water’” are inferences. Possible observations would be
more like, “no water is passing through the glass tube piece between the rubber
tubes” and “there was a change in color from blue to red.” We also discuss with

a



If We Want to Talk the Talk, We Must Also Walk the Walk

*

students the extent to which their inferences are consistent with the observations
they make.

Based on their observations and inferences, we ask students to suggest hypoth-
eses to explain how the “Cans” work. We ask them to judge whether their hypotheses
are consistent with the data that they have collected. We discuss with them how these
data can support or weaken their hypotheses. We emphasize that scientists’ hypoth-
eses should be consistent with the evidence available to them. Scientific knowledge
is, eventually, based on empirical evidence. For instance, students may hypothesize
that a chemical reaction produces a gas that pushes the water from one can to the
other. We ask them whether such a hypothesis is consistent with the evidence. For
instance, a change in temperature and/or the production of a gas are possible indica-
tions of chemical change. Students can feel the cans and observe whether gas fumes
pass through the small piece of glass tubing. We discuss how these data can support
or weaken their hypotheses. For example, many, but not all, chemical reactions are
accompanied by a change in color. We ask students whether they can infer with
confidence that the change in color in the demonstration (in case colored water and
ethyhalcohol were used) is the result of a chemical reaction.

After making their initial hypotheses, we ask students to design tests to see whether
their hypotheses are supported by evidence. Based on a hypothesis, a student can
make a prediction and then test this prediction by collecting more evidence or data.
We ask students whether they can, through testing, prove their hypotheses. The idea
is to communicate to students that through testing (and experimentation) we can
never prove a hypothesis for certain. Tests can only add support to a certain hypoth-
esis. Irrespective of the amount of evidence collected, a hypothesis can never be
proven with absolute certainty. However, when sufficient supportive evidence is col-
lected, a certain hypothesis gains more acceptance as a plausible explanation. This
serves as an opportunity to discuss the tentativeness of science.

Based on their hypotheses, student groups can now design actual models of the
“Cans.” The only criterion to judge a model is its workability: A model is acceptable as
long as it “behaves” like the phenomenon it is supposed to represent. Now that stu-
dents have a working model of the phenomenon, we ask them whether they know what
is inside the “Cans” (which represents a natural phenomenon). If we can never “open”
the cans and look inside, can we ever tell whether our model is an exact copy of what
is inside? Can we ever be certain how the phenomenon “actually” works? As such,
scientific models are never exact copies of natural phenomena. These models are, rather,
inferred or hypothesized from the behavior of the phenomenon. They are workable
representations of those phenomena. Scientific knowledge, in this sense, is never cer-
tain. It is a product of human inference, even though it is based on empirical evidence.

Real Fossils, Real Science

This activity aims to help learners realize that scientific knowledge is partly a prod-
uct of human inference, imagination, and creativity. The advantage of this activity is
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that students work with the same artifacts and data (fossil fragments) as
paleobiologists. The materials needed for this activity are fossil fragments (not com-
plete fossils), construction paper, and scissors.

We give each student (or pair of students) a fossil fragment and ask them to make
a detailed diagram of it. The diagrams may be larger than the actual fragments. The
students, however, must include the appropriate scale with their diagrams. We usu-
ally obtain sets of similar or identical fossil fragments so that different students may
get similar or identical fragments. We ask students to trace the outer perimeter of
their fossil fragment diagrams on a separate sheet of colored construction paper. This
tracing is cut out and discarded to form a window so that when the construction
paper border is placed over the paper containing the fossil fragment diagram, only
the diagram appears. Using a different color pencil we instruct students to complete
their fossil drawing (to scale) on the construction paper containing the fossil frag-
ment diagram. (Figure 2) Students should end up with a drawing of an organism
from which, they believe, the fossil fragment has come. Each student ends up with a
complete fossil drawing having two parts: the original fossil fragment drawing in
one color and the inferred drawing of a complete organism in another color. We ask
students to staple together the construction paper with the previously cut window
and the paper with the complete drawing (Figure 3) The papers should be stapled on
one side such that they can be flipped open. Moreover, the fossil fragment diagram
should only show through the construction paper window. This format enhances the
presentation of original (fossil fragment) and completed diagrams to other student.

Figure 2: Example of a fossil fragment diagram (enlarged)
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Figure 3: Example of a complete inferred organism (drawn to scale)

Next, we ask students to make oral presentations in which they describe the habitat,
diet, behavior, and other characteristics of the organisms they have extrapolated from
the fossil fragments. At this point, we ask whether some students knew in advance
what organism their fossil fragment came from (e.g., coral). We ask those students, if
any, whether that knowledge affected the inferences they made about the habitat, diet,
etc., of the complete organism that they inferred from the fossil fragment. We take the
time to explain to students that scientists’ prior knowledge often influences their inter-
pretations of the data and affect their conclustons. It is usually interesting to compare
those organisms that different students have inferred from similar or identical fossil
fragments. If those organisms were different, we ask our students whether they can tell
for sure from which organism the original fossil-fragment originated. We explain to
students that we might not be able to give a definite answer. We continue by asking
whether it is possible that scientists face a similar situation and whether scientists can
differ in the inferences they derive from evidence. We explicate that all too often scien-
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tists may reach differing conclusions based on the same evidence, just as the students
have done in this activity. Scientists also often hold their views strongly and do not
give them up easily.

We make explicit to students that what they have done is very similar to what
paleobiologists and other scientists that investigate fossils often do. We point out
that much creativity is involved in extrapolating or inferring from fossils the kind,
habitat, and lifestyle of the organisms whose fossils or fossil-fragments are inves-
tigated. From this point, the discussion can be carried further to introduce older
students and preservice or inservice teachers to the notion that scientific knowl-
edge is affected, to varying extents, by the social and cultural context in which it is
produced. The aforementioned case about hominid evolution serves as one ex-
ample that can be used to link this discussion to scientific practice.

~
5

Young? Old?

In this activity, a perceptual Gestalt (see Figure 4) is used to help learners realize that
scientists’ beliefs, prior knowledge, training, experiences, and expectations actually
influence their work. All these background factors form a mind-set that affects what
scientists observe (and don’t observe) and how they make sense of or interpret their
observations. It is this individuality or (sometimes collective) mind-set that accounts
for the role of subjectivity in the production of scientific knowledge.

We place Figure 4 on the overhead and ask students what they see. Students
usually first recognize the face of an old lady. A few usually see the profile of an
attractive young woman. If students cannot see the young lady, we insist that it shows
in the drawing and that they can see it if they look hard enough. We do not at this
stage point at the drawing to help students “see” one image or the other. Next, we
point out, for example, how the nose of the old lady forms the cheek and chin of the
young women to help students recognize the image. Many students will still not be
able to see one or the other image. We ask students: How come you are looking at the
very same drawing and are seeing two different things? We continue by asking: How
come that some of you see only one face and not the other? Is it possible that some
scientists may look at the same piece of evidence or set of data and see different
things? At this point, we discuss with our students how a scientist’s training, previ-
ous knowledge, and experiences dispose him/her to “see” a certain set of evidence
from a certain perspective. In the same manner that students were not able to see the
face of the young lady in the drawing, scientists sometimes fail to “see” (or perceive
of) a certain set of evidence as relevant to their questions. Scientists sometimes tend
to infer different things from the same set of data in the same manner that the stu-
dents inferred totally different things from the same piece of evidence: the drawing.

To help students see both images, we show them Figure 5 of the old lady and Figure 6
of the young woman. Now students can look at Figure 4 and, with some effort, see both
faces. Students can now shift from one face to the other. They, however, can never see both
faces at the same time. Next, we make explicit connections to the practice of science. The
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Figure 4: Gestalt figure of old/young woman
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controversy concemning the cause of the “mass extinction” of the dinosaurs is a recent case
in which scientists suggested different hypotheses to account for the same evidence. This
controversy lingers on and is not quite settled yet. For a summary of the controversy, see
Glen (1990).

It is believed that about 60 million years ago, toward the end of the Cretaceous
period (geological symbol: K) and the beginning of the Tertiary period (geological
symbol: T), the dinosaurs, which during the Cretaceous period reigned the lands, be-
came extinct. (Whether there truly was a “mass extinction” or not is another interesting
question. For a view on the issue, see Raup [1991].) For many years, scientists have
speculated about the probable cause for that extinction. New and breaking evidence
was uncovered in the early 1980s and since then more evidence has been accumulated
by literally hundreds of scientists. The major evidence was an anomalous and un-
earthly concentration of the element iridium in the geological record at the boundary
between the Cretaceous and the Tertiary periods (referred to as the K-T boundary).
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Figure 5: Gestalt figure emphasizing old woman

Anomalous shocked quartz, stishovite (a mineral derived from quartz under extremely
high pressures) and other pieces of evidence were also investigated. Based on the accu-
mulated evidence, scientists have formulated many hypotheses to explain the extinc-
tion, two of which gained wide acceptance. The two hypotheses were advanced by two
groups of scientists. The first group, known as the impactors, suggested that a huge
meteorite (10 kilometers in diameter) hit the earth at the end of the Cretaceous period
and led to a series of events that caused the extinction (Alvarez & Asaro, 1990). An-
other group, referred to as the volcanists, claimed that massive and violent volcanic
eruptions were responsible for the extinction (Courtillot, 1990). Each group insisted
that their hypothesis explained the evidence better. The controversy went on for sev-
eral years and is not quite over yet. This is an interesting case of starting from the same
evidence and reaching differing conclusions when scientists approach a question from
different perspectives (or paradigms). In this case, these two perspectives can gener-
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Figure 6: Gestalt figure emphasizing young woman

ally be referred to as “Catastrophism” (the belief that drastic, large-scale, and abrupt
events have shaped the face of the earth in rather short periods of time) espoused by the
impactors, and ‘“Uniformitarianism” or “Gradualism” (the belief that natural elements
of the same type and vigor have gradually shaped, and continue to shape, the earth’s
surface formations over extended periods of time) espoused by the volcanists.

We cannot overemphasize the importance of taking the time at the conclusion of any
activity to explicitly point out to students the aspects of the NOS that the activity high-
lighted. To encourage reflection, we discuss with students the implications of such as-
pects of the NOS on the way they view scientists, scientific knowledge, and the practice
of science.

Conclusion

In conclusion, it is important to emphasize that we should no longer assume that students
will come to understand the NOS as a by-product of “doing” science-based or inquiry
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We cannot activities. Nor should we assume that if teachers understand
overem ph asize the the NOS, they will automat.ically teach in a manner “‘consis-
) ) tent” with those understandings. The NOS should be thought
importance of taki hg of as a “cognitive” rather than as an “affective” instructional

the time at the | outcome. If K—12 students are expected to develop more ad-

conclusion of an y equate conceptions of the NOS, then, as any cognitive objec-

.. .. tive, this outcome should be planned for, explicitly taught, and

activity to expl 'C'tly assessed. All this can be facilitated through concerted and con-

point out to students | tinued professional development efforts designed to promote

the as pects of the science teachers’ understanding of the NOS, provide approaches

teachers can use to facilitate students’ conceptions, and foster

NOS that the commitment to the idea that the NOS is a curriculum objective

activity highlighted. | of primary importance that permeates all aspects of curriculum
and instruction.
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Professional standards are such an important part of the reform of teacher education
that it is almost impossible to practice in science education without encountering
them. Nearly all states have content standards or curriculum frameworks for mathemat-
ics and science (Council of Chief State School Officers, 1998). Many either have or are
developing standards-based science assessments. Over the last decade, the Benchmarks
for Science Literacy (American Association for the Advancement of Science, 1993) and
the National Science Education Standards (NSES; National Research Council, 1996)
have emerged as a national professional framework for science education. Standards for
science teaching and teacher education are as important to this reform effort as the sci-
ence standards for what children should know and be able to do.

This chapter will not deal directly with the NSES for science teaching and teacher
preparation. Instead, it will focus on an emerging continuum of science teaching stan-
dards for accreditation, licensure, and certification that is part of the New Professional
Teacher Project (NPTP). The potential impact of this continuum on teacher education
is hard to overestimate: It promises to move preparation and professional development
away from the fragmented, credit-driven systems that now exist toward a more unified
approach based on evidence of teaching competency. By doing so, it will also help to
raise teaching from the quasi-professional status it now enjoys to the status of a true
profession.

The New Professional Teacher Project

The NPTP was initiated in the early 1990s by the National Council for the Accreditation
of Teacher Education (NCATE) in cooperation with the Interstate New Teachers Assess-
ment and Support Consortium (INTASC) and the National Board for Professional Teach-
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ing Standards (NBPTS). The major purpose of this project is to develop a continuum of
national professional standards for teacher education (Wise, 1994)—in particular, to de-
velop and apply internally consistent, performance-based standards to the education of
teachers of science at different stages in their careers.

The NPTP proposes a pattern for preparation of teachers similar to professional
preparation in fields such as law, architecture, and medicine. At the core of the project
is an articulated system of individual performance standards for professional teacher
development written by the profession and recognized by state licensing agencies.
Figure 1 provides an overview of the NPTP system (adapted from NCATE, 1994).

Three sets of quality assurance standards—for accreditation, licensure, and professional
certification—underlie the NPTP model. Accreditation standards are designed to ensure the
quality of professional programs based on the performance of their graduates. The National
Science Teachers Association (NSTA), a constituent member of NCATE, prepares the
standards for science teacher education and conducts institutional reviews, when required.

In most professions, accreditation is granted as the result of an independent re-
view by a recognized professional association. States support such review by requir-
ing accreditation before approving the operation of a professional program. The sepa-
ration of these two processes helps to shield professional practices from political
influences. This shield is not present in education. Even in states with professional
standards boards, such boards may operate as state functionaries rather than as inde-
pendent professional groups. This is one reason some critics do not regard education
as a true profession.

Under the NPTP model, all new teachers are prepared only by professionally
accredited institutions. Following graduation, each teacher candidate is issued a pro-
visional teaching license and proceeds into a paid, mentored, clinical internship last-
ing from one to three years. During this period, a certified mentor works closely with
each novice as he or she develops teaching skills defined by the INTASC standards
for initial licensure in science teaching. Only interns who successfully complete this
experience receive a regular teaching license.

Figure 1: Continuum of Teacher Preparation as visualized by the New

Professional Teacher Projects (adapted from NCATE, 1994)

INITIAL CONTINUING
PRESERVICE INTERNSHIP PRACTICE PROFESSIONAL
T T T DEVELOPMENT

Graduation Regular Professional
(Provisional State Certification
License) License
NCATE Standards INTASC Standards NBPTS
Apply (NSTA) Apply Standards
Apply




A Continuum of Standards for Science Teachers and Teaching

L 4

This is not the end of the process though. Teachers holding a regular license
continue to work toward professional certification by the NBPTS. Although no state
currently requires it, professional certification by NBPTS may become a desirable,
even necessary, goal for teachers in the future. The standards-based system for teacher
education envisioned by the NPTP raises the prospect of a tiered system of rewards
based on demonstrated competency rather than on degrees, courses, and workshops.
Under this system, districts or states might preferentially link demonstrations of com-
petency to such things as desirable service options, salary
adjustments, promotions, grants, awards, or reciprocal trans- Although no state
fer of teaching licenses among states. Currently requires it,
Characteristics of the National Standards professional
The standards in the NPTP are competency-based rather than certification by
prescn'ptive—Fhat i.s? they identify desired knowlec.ige, per- NBPTS m ay become
formance, or dispositional outcomes but do not prescribe ways .
to achieve those ends. The NSTA Standards for Science | @ desirable, even
Teacher Preparation (Appendix A), for example, identify in- necessary, goal for
dividual student competencies that programs should ensure
for the initial preparation of teachers. The full text of the NSTA
standards, available from the NSTA on the World Wide Web, | future.
also provides (a) examples of performance indicators for
preservice, induction, and advanced levels of practice; (b) a rationale and discussion
for each standard; and (c) recommendations for practices in programs.

INTASC’s draft standards for initial licensure of science teachers (Appendix
B) differ in scope and emphasis from the NSTA standards, in part because they are
adapted from 10 predefined core principles intended to describe postgraduate com-
petencies associated with effective teaching across fields. The complete INTASC
documents contain indicators of knowledge, performances, and dispositions for
each principle.

As of this writing, the NBPTS standards for advanced certification in science
teaching for lower grade levels are still in development. The recently adopted stan-
dards for teachers of science for adolescents and young adults (high school) are in
Appendix C. These standards are more overtly science-specific than the INTASC
standards.

Table 1 compares the content of the standards in this continuum and the NSES.
They are clearly consistent and mutually reinforcing. All of these standards were
written with strong representation of the science education community and reflect
the content and spirit of the Benchmarks and, especially, the NSES.

A particular concern expressed often by science educators is the lack of specificity
in these three sets of standards concerning science content preparation. This is a recur-
ring and problematic issue when standards for science are discussed. The number of
possible permutations of content that could underlie science programs is so large that
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Table 1: Comparison of NSES, NSTA/NCATE, INTASC, and NBPTS

NSES NSTA/NCATE INTASC** NBPTS ***
*Content B, C, D Content Content Knowledge of
Science
Teaching B Pedagogy Student Understanding
Development Students
Teaching B Pedagogy Student Understanding
Diversity Students Equitable
Participation
Teaching B Pedagogy Instructional Engagement
Variety Conceptual
Understandings
Teaching D Environment for Learning Learning
Learning Environment Environment
Not directly Not directly Communication Not directly
addressed addressed addressed
Teaching A, F Science Curriculum Instructional
Curriculum Decisions Resources
Teaching C Assessment Assessment Assessment
Assessment A-E
Teaching A, F Professional Reflective Collegiality
Practice Practitioners and Leadership
Reflection
Content F Social Context Community Family/Community
Membership Outreach
Content G Nature of Not directly Knowledge
Science addressed of Science
Teaching A, B, E Inquiry Not directly Science
Content A addressed Inquiry
Content E, F, G Context of Not directly Contexts
Science addressed of Science
* These standards are for what children at various levels should learn, and thus have strong, if
indirect, relevance to competencies of teachers ** Draft standards *** Adolescent and young
adult standards1996:70

prescriptive standards for content are difficult to write. Both the NSES and Bench-
marks provide an overarching framework for content preparation, but neither prescribe
specific content to be delivered. NSTA/NCATE standards specifically require teacher
preparation in content that supports student learning as defined by state or national
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standards developed by the science education community. They, thus, point toward the
NSES and Benchmarks but leave the door open for innovation.

Potential Impact of National Standards on Teachers and Teaching

Any impact of national standards is tempered by the fact that education in the United
States is a state responsibility. Control of education is closely guarded in part be-
cause of the political nature of education, because most K—12 education is paid for
by state and local governments, and because states in some cases are constitutionally
required to maintain such control. Even so, a majority of the states are working with
NCATE, INTASC, and the NBPTS to develop more professional systems for ac-
creditation, licensure, and certification similar to that described by the NPTP. The
impact of these efforts at reform will become most apparent to teachers through
changes in licensure and professional development requirements and consequent
changes in the nature of acceptable inservice programs.

To begin with, certifying and licensing agencies increasingly will expect teachers
at all levels to engage in professional development that fosters long-term, demon-
strable growth. Experiences that do not have any apparent impact on student learn-
ing or welfare will be less acceptable than in the past. In addition, teachers will be
under increasing pressure to document positive changes in their work in order to
receive credit for professional development, which will require systematic assess-
ment of teaching and learning.

Apart from this immediate effect on teachers, professional standards for teachers
and teaching may help to remove educational practice from the political arena—a
development that would be undoubtedly welcome in many states. Legislatures, agen-
cies, and school boards could find themselves under increasing pressure to justify to
the public policies and practices that deviate from the recommendations and stan-
dards of the professional associations. If they subsequently relinquish control to edu-
cators, the latter will be held accountable for demonstrating positive results. Given
pressure to account for their performance, schools may find it increasingly difficult
to allow teachers to close the classroom door and practice as they choose.

Standards-based performance assessment raises fear among some teachers that they
may not be able to meet high standards. Other teachers question at the control and docu-
mentation such a system requires. Even among supporters of Standards-based reform
there remains the problem of how to assess the performances of individual teachers in a
fair and unbiased way. McDonnell (1989) asserts that the question of evaluation may be
the biggest obstacle in the way of teacher education reform.

While these concerns may be justified to some extent, the potential for abuse exists
in any assessment system and the alternative—no meaningful assessment or account-
ability—is increasingly unacceptable to the community. One way to allay these fears is
to ensure that genuine accountability becomes part of the professional culture, and that
such accountability is based upon acceptable standards for performance. Because teach-
ing is a complex activity with often ephemeral outcomes, teachers must necessarily
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Leg,' slatures, take more responsibility for exhibiting and explaining the re-

sults of their work than practitioners in other profession, where

the criteria for acceptable performance may be more obvious.
school boards could | standards help to eliminate uncertainty by providing teachers
find themselves with a framework for measuring and explaining their success.

They also move teacher education away from reliance
on credit hours or continuing renewal units toward truer mea-
pressure to justify {0 | sures of professional attainment. Most school systems pro-

the public po/icies vide salary increases primarily for years of service and for-
mal coursework (or continuing renewal units), but they
require no evidence that either of these factors have influ-
deviate from the | enced student learning and achievement. In a performance-
recommendations based system, on the other hand, experiences are less impor-
tant than outcomes. It is, therefore, feasible for teachers to

and standards of the . .

) undertake professional development on their own and re-
professional | ceive credit for doing so—something not possible in most
associations. school districts today.

For example, suppose a new biology teacher wishes to
improve her performance in relation to the NSES by more closely linking classroom
activities to resources in the community. Through inquiry, she identifies several ways
to achieve her goal, and sets out to revise her curriculum accordingly. Upon assess-
ing her work, she finds she has made demonstrably positive gains in relation to her
goals—which are fully consistent with district, state, and national science education
standards. This is professional development in its truest sense, and it is rewarded
under a performance-based system.

Standards should provide teachers with a framework for professional develop-
ment. Within this framework, teachers should have broad latitude in making appro-
priate curriculum decisions and undertaking necessary professional development. It
is entirely appropriate, however, for policymakers to require teachers to justify their
choices, even if the impact of professional development is not always immediate and
clear-cut. For example, a biology teacher from Illinois who lands a teaching job on
the Mississippi coast would probably be justified in claiming that taking a course in
marine biology is appropriate professional development. However, the teacher should
ultimately be called upon to demonstrate how he has incorporated the experience
into his curriculum to make it more relevant to his students’ needs.

The cycle of professional development for teachers shown in Figure 2 under-
lies the new approach to performance-based development. During the evaluation
phase, the practitioner identifies areas of need in relation to the professional
standards. Once the teacher has decided on the most important need(s) to ad-
dress, she moves on to considering how to deal with them. She develops a plan
for improvement, including actions she will take and assessments she will col-
lect to show that the goals of the professional development effort are met. Once

|
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this cycle is completed, a new one begins that builds on
the successes (or, in some cases, failures) of the past to
create a spiral of quality development.

Teachers should receive credit for any professional de-
velopment initiatives they can reasonably link to improve-
ments in student learning, achievement, or welfare either
(a) directly, in or out of the classroom; (b) through work
with student teachers, colleagues, administrators, or others
in the school system; or (c) through parents, the community,
and other institutions.

Portfolios

The NPTP model does not reject testing as part of the assessment
process, particularly before regular licensing. Tests of content
knowledge and skills in writing and reading, for example, are
likely to continue to be a part of the overall teacher preparation
system. Such testing, however, weeds out people rather than helps
them to improve. Besides, the ability to pass tests does not prove
one’s ability to teach. Beyond the minimal competencies defined

*

Most school systems
provide salary
increases primarily
for years of service
and formal
coursework (or
continuing renewal
units), but they
require no evidence
that either of these
factors have
influenced student
learning and
achievement.

by tests are the more complex and varied skills that underlie good practice. These skills can
be demonstrated only through multiple assessments in authentic contexts (for students) or

in the classroom (for teachers).

Figure 2: Professional Development Cycle using standards in the analysis phase
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In a performance-based system, teachers often present evidence of effectiveness
in a portfolio: a collection of artifacts representing final accomplishment, develop-
ment, or both. Portfolios representing final accomplishment contain examples of

one’s best work. Developmental portfolios document changes
The sources of data in the quality of practice defined by goals or standards of the
for a p ortfolio are as profession, By. defi'nition, portfolios for professional devel-
. opment are primarily developmental.
many and varied as The sources of data for a portfolio are as many and varied as
the competencies the competencies they define. These may include, but are not
th ey define. limited to: in-basket ex§rcises, evidence of impact on students,
success of students, artifacts produced by the teacher, attesta-
tions of teaching accomplishment, artifacts produced by students,
observations, videos of talks to various audiences, visuals, parent communications, sur-
veys, photographs of activities, text materials, case studies, records of professional activi-
ties, summative evaluations, awards, and evidence of recognition (NCATE, 1998).
Professional assessment of this kind is new to most K-12 educators but not to
those in higher education. University faculty routinely collect and present evidence
of their work for merit review, promotion, and tenure. At most institutions, commit-
tees of colleagues review a faculty member’s work at several levels (typically de-
partment, school, and university) before making recommendations for tenure or pro-
motion. Departments generally conduct merit reviews. While the current university
system is by no means ideal, it more closely resembles professional practice than
most K-12 systems.

Standards for Professional Teacher Education Programs

Accreditation standards for science teacher education programs are part of the NPTP
continuum. In order to be consistent with INTASC and NBPTS standards for science
teachers, the newest NSTA Standards for Science Teacher Preparation, adopted in
1998, differ sharply from the more prescriptive NSTA standards they replace. Adopted
by NCATE as national accreditation guidelines in the same year, they provide for the
assessment of a science teacher education program on the basis of the performances
of its graduates. They are more flexible than past standards in terms of program
content, but require institutions to demonstrate the alignment of their programs with
the NSES or other recognized standards for science education developed and recog-
nized by the professional science education community. The goal of the NSTA is to
promote a process of self-study similar to the self-study paradigm proposed by the
Teacher Education Accreditation Council (TEAC, 1998; see Figure 3).

The TEAC model values the role played by the institution in its own develop-
ment. Rather than imposing practices, it assesses institutional commitment to assess-
ment of quality and subsequent change. It is facilitative, a characteristic of the NSTA/
NCATE model as well. Under the NSTA/NCATE program standards, institutions
preparing teachers are expected to have:
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o A clear, defensible rationale for the goals and practices of the program in relation to
professionally developed standards and needs of students.

& Practices and indicators aligned with goals, on one end, and authentic assess-
ments, on the other end.

« Multiple assessments providing evidence of performance and teaching competency.

« Evidence the program uses student assessment to evaluate its own performance
and to improve the quality of its services.

These review criteria should apply to any program, preservice, or inservice, pro-
viding professional development experiences to persons in teaching, including alter-
native certification programs.

Figure 3: Dynamic Cycle of Continuous Improvement for teacher preparation
programs as proposed by the Teacher Education Accreditation Council (TEAC,

1998) .

Goals for
Student j

Institutional
Commitment

Assessment
of Student
[nstitutional
Learning
Conclusion

Darling-Hammond (1991) has noted that the weight of the research shows that fully
prepared teachers are generally more successful with students than teachers without
full preparation for licensure. This being the case, there is good reason to believe that
professional preparation and development models based on a continuum of rigorous
professional standards could revolutionize teaching as a profession and an activity.
There are obstacles to reform, however.

Because education is more political than most professions, many states have been
reluctant to cede control to professional associations and are sometimes constitu-
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tionally restricted from doing so. In addition, teacher shortages have occasionally
forced policymakers to develop shortcuts to licensure that defeat efforts to raise stan-
dards for entry into the profession. Also obstructing reform is a belief that persists
among some members of the community, including policymakers, that (a) teacher
preparation is of limited value, (b) content is of paramount importance, (c) teaching
requires few special skills, and (d) anyone with a baccalaureate degree can be a teacher.

It is interesting to note that the similar sentiments against formal education and
professionalization were expressed by some medical practitioners more than a hun-
dred years ago, as medicine was evolving into a modern profession. Perhaps the
belief that anyone can be a teacher persists because we have not set our standards
high enough, and because we lack a shared vision of what education can be. At its
best, the continuum of standards discussed in this chapter will translate such a vision
into real professional practice.

Appendix A:

Abbreviated NSTA Standards for Science Teacher Preparation

1.0 Standards for Science Teacher Preparation: Content

The program prepares candidates to structure and interpret the concepts, ideas, and
relationships in science that are needed to advance student learning in the area of
licensure as defined by state and national standards developed by the science educa-
tion community. Content refers to:

+ Concepts and principles understood through science.
o Concepts and relationships unifying science domains.
# Processes of investigation in a science discipline.

o Applications of mathematics in science research.

2.0 Standards for Science Teacher Preparation: Nature of Science

The program prepares teachers to engage students in activities to define the values,
beliefs, and assumptions inherent to the creation of scientific knowledge within the
scientific community and contrast science to other ways of knowing. Nature of sci-
ence refers to:

o Characteristics distinguishing science from other ways of knowing.

o Characteristics distinguishing basic science, applied science, and technology.
o Processes and conventions of science as a professional activity.

+ Standards defining acceptable evidence and scientific explanation.
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3.0 Standards for Science Teacher Preparation: Inquiry

The program prepares candidates to engage students regularly and effectively in
science inquiry and facilitate understanding of the role that inquiry plays in the de-
velopment of scientific knowledge. Inquiry refers to:

& Questioning and formulating solvable problems.

o Reflecting on and constructing knowledge from data.

o Collaborating and exchanging information while seeking solutions.
o Developing concepts and relationships from empirical experience.

4.0 Standards for Science Teacher Preparation: Context of Science

The program prepares candidates to relate science to the daily lives and interests of
students and to a larger framework of human endeavor and understanding. The con-
text of science refers to:

o Relationships among systems of human endeavor, including science and technol-
ogy.

+ Relationships among scientific, technological, personal, social, and cultural
values.

# Relevance and importance of science to the personal lives of students.

5.0 Standards for Science Teacher Preparation: Skills of Teaching

The program prepares candidates to create a community of diverse student learners
who can construct meaning from science experiences and possess a disposition for
further inquiry and learning. Pedagogy refers to:

o Science teaching actions, strategies, and methodologies.

o Interactions with students that promote learning and achievement.
o Effective organization of classroom experiences.

o Use of advanced technology to extend and enhance learning.

o Use of prior conceptions and student interests to promote new learning.

6.0 Standards for Science Teacher Preparation: Curriculum

The program prepares candidates to develop and apply a coherent, focused science
curriculum that is consistent with state and national standards for science education
and appropriate for addressing the needs, abilities, and interests of students. Science
curriculum refers to:

+ An extended framework of goals, plans, materials, and resources for instruction.

o The instructional context, both in and out of school, within which pedagogy is
embedded.
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7.0 Standards for Science Teacher Preparation: Social Context

The program prepares candidates to relate science to the community and to use hu-
man and institutional resources in the community to advance the education of their
students in science. The social context of science teaching refers to:

o Social and community support network within which occur science teaching and
learning.

+ Relationship of science teaching and learning to the needs and values of the com-
munity.

¢ Involvement of people and institutions from the community in the teaching of
science.

8.0 Standards for Science Teacher Preparation: Assessment

The program prepares candidates to use a variety of contemporary assessment strate-
gies to evaluate the intellectual, social, and personal development of the learner in all
aspects of science. Assessment refers to:

o Alignment of goals, instruction, and outcomes.
¢ Measurement and evaluation of student learning in a variety of dimensions.
+ Use of outcome data to guide and change instruction.

9.0 Standards for Science Teacher Preparation: Environment for Learning

The program prepares candidates to design and manage safe and supportive learning
environments reflecting high expectations for the success of all students. Learning
environments refers to:

« Physical spaces within which learning of science occurs.

+ Psychological and social environment of the student engaged in learning science.
o Treatment and ethical use of living organisms.

o Safety in all areas related to science instruction.

10.0 Standards for Science Teacher Preparation: Professional Practice

The program prepares candidates to participate in the professional community, im-
proving practice through their personal actions, education, and development. Profes-
sional practice refers to:

¢ Knowledge of and participation in the activities of the professional community.

« Ethical behavior consistent with the best interests of students and the community.

¢ Reflection on professional practices and continuous efforts to ensure the highest
quality of science instruction.

+ Willingness to work with students and new colleagues as they enter the profession.

.



A Continuum of Standards for Science Teachers and Teaching

Appendix B: Draft INTASC Model Standards in Science for Beginning
Teacher Licensing and Development (Council of Chief State School
Officers, 1998)

Principle 1: Content

The teacher of science understands the central concepts, tools of inquiry, applications,
and structures of science and of the science disciplines he or she teaches and can
create learning experiences that make these aspects of content meaningful to students.

Principle 2: Student Development

The teacher of science understands how children learn and develop and can provide
learning opportunities that support their intellectual, social, and personal develop-
ment.

Principle 3: Student Diversity
The teacher of science understands how students differ in their approaches to learn-
ing and creates instructional opportunities that are adapted to diverse learners.

Principle 4: Instructional Variety

The teacher of science understands and uses a variety of instructional strategies to
encourage students’ development of critical thinking, problem solving, and perfor-
mance skills.

Principle 5: Learning Environment

The teacher of science uses an understanding of individual and group motivation and be-
havior to create a learning environment that encourages positive social interaction, active
engagement in learning, and self-motivation.

Principle 6: Communication

The teacher of science uses knowledge of effective verbal, nonverbal, and media
communication techniques to foster active inquiry, collaboration, and supportive in-
teraction in the classroom.

Principle 7: Curriculum Decisions
The teacher of science plans instruction based upon knowledge of subject matter,
students, the community, and curriculum goals.

Principle 8: Assessment

The teacher of science understands and uses formal and informal assessment strate-
gies to evaluate and ensure the continuous intellectual, social, and physical develop-
ment of the learner.
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Principle 9: Reflective Practitioners

The teacher of science is a reflective practitioner who continually evaluates the ef-
fects of his/her choices and actions on others (students, parents, and other profes-
sionals in the learning community) and who actively seeks out opportunities to grow
professionally.

Principle 10: Community Membership
The teacher of science fosters relationships with school colleagues, parents, and agen-
cies in the larger community to support students’ learning and well-being.

Appendix C: NBPTS Science Standards for Adolescents and Young
Adults (14-18+)

I. Understanding Students:

Accomplished science teachers know how students learn; actively come to know
their students as individuals; and determine students’ understandings of science, as
well as their individual learning backgrounds.

Il. Knowledge of Science:

Accomplished science teachers have a broad and current knowledge of science and sci-
ence education, along with in-depth knowledge of one of the subfields of science, which
they use to set important learning goals.

Il. Instructional Resources:

Accomplished science teachers select and adapt instructional resources, including
technology, and laboratory and community resources, and create their own to sup-
port active student explorations of science.

IV. Engagement:
Accomplished science teachers stimulate interest in science and technology and elicit all
their students’ sustained participation in learning activities.

V. Learning Environment:

Accomplished science teachers create safe and supportive learning environments
that foster high expectations for the success of all students and in which students
experience the values inherent in the practice of science.

VI. Equitable Participation:

Accomplished science teachers take steps to ensure that all students, including those
from groups which have historically not been encouraged to enter the world of sci-
ence, participate in the study of science.
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VII. Science Inquiry:
Accomplished science teachers develop in students the mental operations, habits of mind, and
attitudes that characterize the process of scientific inquiry.

Vill. Conceptual Understandings:
Accomplished science teachers use a variety of instructional strategies to expand
students’ understandings of the major ideas of science.

IX. Contexts of Science:

Accomplished science teachers create opportunities for students to examine the hu-
man contexts of science, including its history, reciprocal relationship with technol-
ogy, ties to mathematics, and impacts on society, so that students make connections
across the disciplines of science and into other subject areas.

X. Assessment:

Accomplished science teachers assess student learning through a variety of means
that align with stated learning goals.

XI. Family and Community Outreach:
Accomplished science teachers proactively work with families and communities to
serve the best interests of each student.

XIl. Collegiality and Leadership:

Accomplished science teachers contribute to the quality of the practice of their col-
leagues, to the instructional program of the school, and to the work of the larger
professional community.

XIll. Reflection:
Accomplished science teachers constantly analyze, evaluate, and strengthen their
practice in order to improve the quality of their students’ learning experiences.

Notes
I INTASC is a working group of the Council of Chief State School Officers (CCSSQO).

5

In professional parlance, “accreditation” refers to review and recognition by an independent pro-
fessional group, while “program approval” is granted by a state regulatory agency.

As with accreditation, “certification” is recognition of professional ability by an independent pro-
fessional group, whereas licensing is the granting of a permit to practice by the state.
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Alphabet Soup for Science Teachers:
Making Sense of Current National
Science Education Reform Initiatives

Angelo Collins
Vanderbilt University

Angelo Collins is the executive director of the janet and Harry Knowles Foundation, which is
dedicated to improving the quality and quantity of high school science teachers. Author of nu-
merous articles, she has held leadership positions in the Teacher Assessment Project, the National
Committee on Science Education Standards and Achievement, ScienceFEAT, and the Science
Performance Assessment Project of the Interstate New Teacher Assessment and Support Consor-
tium. Honors include NABT Outstanding Biology Teacher Award, the Distinguished Alumni Award
of the College of Education of the University of Wisconsin, and being elected as a fellow of AAAS.

Recently, while I was attending a panel at the National Science Foundation (NSF),
the scientist who was involved in the review of proposals for funding science
education research commented that he had never heard of the National Science Edu-
cation Leadership Association (NSELA). More recently, working with a group of
science teachers who had done action research in their classrooms, I suggested they
submit their work to the National Association for Research in Science Teaching
(NARST). They responded by asking about the difference between NARST and the
National Science Teachers Association (NSTA). Later, 1 reminisced about the acro-
nyms and abbreviations, such as BSCS for the Biological Science Curriculum Study,
that had challenged my early days as a science teacher. In this chapter, 1 will high-
light four current science education reform initiatives, each of which is frequently
identified by an acronym or abbreviation. Then, I will reflect on why studying, sup-
porting, and participating in these reform efforts advances the profession of science
teaching. Finally, I will briefly review a sampling of other reform initiatives that are
further removed from the science classroom but that have an impact on science edu-
cation policy and practice.

AAAS

While there can always be debate about when an initiative began, I propose that the
current reform initiatives in science education began with the publication in 1983 of
A Nation at Risk (National Commission on Excellence in Education, 1983). Shortly
thereafter, the American Association for the Advancement of Science (AAAS) initi-
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ated Project 2061. The first product of Project 2061, Science for All Americans (Ru-
therford & Ahlgren, 1989), was published after many cycles of writing, review, and
revision. Science for All Americans (SFAA) introduces key
Project 2061 has ideas about teaching and learning science that today are taken
for granted, such as scientific literacy. SFAA describes a
scientifically literate person as “one who is aware that sci-
program {0 promote | ence, mathematics, and technology are interdependent hu-
scientific /iteracy for man enterprises with strengths and limitations; understands
all studen ts, key concepts and pr1nc1ple.:s of smen.ce; is fan'nhar with .the
natural world and recognizes both its diversity and unity;
steadfast/ y and uses scientific knowledge and scientific ways of think-
producing materials ing for individual and social purposes” (p. ix). SFAA in-
to meet the cludes a C]E.II'IOH c.all that science is for all students,. refgard’—’

. less of their social circumstances and career aspirations
continuous| y (p. X). The current rallying cry that “less is more” is fore-
emerging demands shadowed in SFAA when it states: “The schools do not need
to be asked to teach more and more content, but to teach
. less in order to teach it better. By concentrating on fewer
education reform topics. ..students will end up with richer insights and deeper
movement. understandings than they can hope to gain from superficial
exposure to more topics (p. xi).” SFAA delineates important
topics in science, mathematics, and technology, including concepts and principles,
habits of mind, and applications, and it suggests effective approaches to learning,
teaching, and policy. SFAA defines contemporary science education reform when it
describes the goal that all students attain deep understanding of selected science

topics that are useful in making personal and social decisions.

In the 10 years since SFAA was published, Project 2061 has produced a series of
documents that supported teaching and learning for scientific literacy. Benchmarks
for Science Literacy (AAAS, 1993) distributes the science topics identified in SFAA
to appropriate grade levels, providing a reference for evaluating and designing cur-
riculum materials. Resources for Science Literacy: Professional Development (AAAS,
1997) provides a list of tradebooks that teachers, parents, and others can use to up-
date science understanding, a report of the cognitive research that underlies the Bench-
marks, syllabi for selected college courses that are aligned with SFAA, a comparison
of the Benchmarks and the National Science Education Standards (National Re-
search Council, 1996), and materials used to design and conduct a workshop on
implementing science education reform. Most recently, Project 2061 released Blue-
prints for Reform (AAAS, 1998), which includes a discussion of 12 critical areas in
science education reform. Soon to be released are three additional publications: The
Atlas of Scientific Literacy will contain a set of strand maps—two-dimensional draw-
ings that illustrate how topics presented at different grade levels inform and influ-
ence one another in the development of curriculum and of student understanding.
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Designs for Science Literacy and Resources for Scientific Literacy: Curriculum Ma-
terials Evaluation are also forthcoming. Finally, Project 2061 recently initiated the
Professional Development Program, which will provide custom-tailored workshops
for a variety of audiences.

I believe that Project 2061 is characterized by the term constancy; throughout 10
years of reform, Project 2061 has maintained a program to promote scientific lit-
eracy for all students, steadfastly producing materials to meet the continuously emerg-
ing demands of the science education reform movement.

NSES
In 1991, the National Council on Educational Standards and Testing was estab-
lished by Congress to promote world-class educational standards in the United
States. Early in 1992, in response to a request from the president of NSTA, the
National Academy of Sciences (NAS), with its operating arm, the National Re-
source Council (NRC), agreed to coordinate the development of standards for sci-
ence education. In 1996, the National Science Education Standards (NSES), de-
scribing both a vision and criteria for science education reform, were published.
NSES includes standards for science content, teaching, and assessment, developed
simultaneously and presented in mutually reinforcing ways. NSES also acknowl-
edges that the science education reform agenda, which envisions all students at-
taining understanding of essential and useful ideas in science through inquiry, can-
not be realized without support. Therefore, NSES includes
standards for professional development, for science pro- Although grouped
grams, and for educational systems. differently and
NSES presents a comprehensive vision of science edu- .
cation reform, bringing together in one place in nontechni- p resented with
cal language the current best knowledge of teaching and different levels of
R Mequentyaskud quesion (FAQ) about science edu | i1 (here 5 more
cation is: “Why are there two documents (Benchmarks and than 90 percent
NSES) that describe what all students should understand and agreement in the
be able to do in science?” There is no simple answer to this Benchmarks and
question. Different agencies prepared these publications at
slightly different periods of recent history, in response to NSES about the
different political pressures and under different constraints, impor tant science
including time. One teacher was pleased that science had content that all
two documents, because she was able to convince her ad-
ministrator of the need for change when she pointed out that students should
two national agencies had described a similar vision. Al- understand.
though grouped differently and presented with different lev-
els of detail, there is more than 90 percent agreement in the Benchmarks and NSES
about the important science content that all students should understand (AAAS, 1997).
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Both Project 2061 and NSES recognize the systemic nature of reform in science
education. Both address concerns about teaching, about assessment, and about policy
and support. Both identify a limited number of important
science topics and emphasize reasoning, history, and appli-

teaching is | cation in science. Both describe a vision of what all students
contextua I/ NBPTS should understand and be able to do.

Recognizing that

determined to offer | NBPTS

certification to | The next two reform initiatives will focus on what a teacher

teachers in different of science should know and be able to do. Founded in 1987,

. the National Board for Professional Teaching Standards

school SUb/ ects and (NBPTS) set high standards for the teaching profession and

at different age designed an assessment system that both has a high fidelity

levels. to teaching and allows teachers to demonstrate they meet

these high standards. In 1989, the NBPTS presented the five

core propositions that defined what an accomplished teacher should know and be
able to do:

o Teachers are committed to students and their learning.

o Teachers know the subjects they teach and how to teach those subjects to students.
o Teachers are responsible for managing and monitoring student learning.

o Teachers think systematically about their practice and learn from experience.

o Teachers are members of learning communities

Recognizing that teaching is contextual, NBPTS determined to offer certification to
teachers in different school subjects and at different age levels. Adolescence and
Young Adulthood /Science, Standards for National Board Certification (NBPTS, 1997)
for teachers of students ages 14—18 and over were released in November 1997, and
in 1998 Early Adolescence/Science Standards (NBPTS, 1998) for teachers of stu-
dents ages 11-15. The five core principles are expanded into 13 standards for science
teachers: (a) understanding students, (b) knowledge of science, (¢) instructional re-
sources, (d) engagement, (e) learning environment, (f) equitable participation, (g)
science inquiry, (h) conceptual understandings, (i) contexts of science, (j) assess-
ment, (k) family and community outreach, (1) collegiality and leadership, and (m)
reflection.

Beginning in the 1997-98 academic year, experienced high school science
teachers were able to apply for National Board Certification by completing a
portfolio and a set of assessment center exercises. The portfolio has six entries:
(a) Teaching Major Ideas over Time, (b) Assessing Student Work, (c) Hands-On
Science, (d) Discussions about Science, and (e) two entries on Documented Ac-
complishments. In this portfolio, the teacher uses artifacts, such as student work
samples and lesson plans, with productions, such as videotapes and reflections,

e



Alphabet Soup for Science Teachers

L 4

to provide evidence of accomplished practice. The assessment center exercises
allow the teacher to demonstrate understanding of science and science pedagogy
in a series of essays. During academic year 1998-99, teachers of middle-grades
science were able to seek NBPTS certification for the first time.

NBPTS is in no way separate from other reform movements in science education.
For example, when a high school science teacher applies to participate in the portfo-
lio process for NBPTS, the introductory information includes the NSES Content
Standards. Further, the NBPTS Standards for Science Teaching are very similar to
the NSES Teaching Standards that envision science teachers who plan an inquiry-
based science program for their students; engage in ongoing assessment of their
teaching and of student learning; design and manage learning environments that pro-
vide students with the time, space, and resources needed for learning science; and
develop communities of science learners that reflect the intellectual rigor of scien-
tific inquiry and the attitudes and social values conducive to science learning (NRC,
1996).

INTASC

Shortly after NBPTS introduced the five core propositions of teaching, a consortium
of state school officers began to discuss how the certification of accomplished teach-
ers by NBPTS would influence the licensure of beginning teachers. In 1992, Inter-
state New Teacher Assessment and Support Consortium (INTASC), a consortium
that now includes over 30 states, released the Model Standards for Beginning Teacher
Licensing and Development: A Resource for State Dialogue (INTASC, 1992). These
10 principles are aligned with the five core propositions of NBPTS. The themes of
the 10 INTASC Standards are that teachers:

+ understand the central concepts, tools of inquiry, and structure of the disciplines
they teach;

understand how children learn and develop;

understand how students differ in their approaches to learning;
use a variety of instructional strategies;

understand individual and group motivation;

use knowledge of effective verbal and nonverbal communication;
plan effective science instruction;

understand and use formal and informal assessment strategies;
are reflective practitioners; and

foster relationships within and beyond the school community.

® 6 6 6 6 O 0 0 o

In 1998, INTASC released the Model Standards for Science for Beginning Teacher
Licensing and Development: A Resource for State Dialogue (1998). The principles
remain the same but explain how they apply to science teaching. Also, each principle
is cross-referenced to a significant passage in NSES. INTASC proposes a four-stage
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assessment process for beginning teachers: a test of general knowledge; a test of
subject matter knowledge; a test of general teaching knowledge; and, during the
second or third year of teaching, the development of a portfolio. INTASC is conduct-
ing the field test of the science teacher portfolio process during the 1998-99 aca-
demic year. This portfolio, also relying on videotapes, student work samples, reflec-
tions, and explanations, is organized into three entries. The first, “Setting the Stage,”
includes information on the teaching context and the instructional focus. Entry two,
“Instructional Design and Implementation,” includes a record of daily instruction,
videotapes of lessons on scientific inquiry and on teaching for understanding, and
student work samples. The final entry focuses on “Analysis for Action and Relation-
ships to Learning Communities.”

Across these four reform initiatives—AAAS, NSES, NBPTS, and INTASC—
here are several common themes. One is the emphasis on students—all students—
that they attain deep understanding of important science

There is a myth that
teaching is a solitary
activity. In reality,
when science
teachers enter a
classroom they
bring with them
parents, educational
psychologists,
curriculum
designers,
assessment experts,
scientists,
policymakers, and
other teachers.

ideas. Another is that understanding science includes under-
standing and being able to engage in scientific inquiry. A
third is that science is important in daily contexts, as well as
in classrooms and laboratories. All of these reform initia-
tives assume that professional science teachers have a store
of both theoretical and practical knowledge that enables them
to design instruction appropriate to the context in which they
are teaching. Further, they all assume that both teachers and
students demonstrate their accomplishments through perfor-
mance of complex assessment tasks. Finally, all assume that
participation in a variety of learning communities is a life-
long task that fosters deep understanding and shapes policy.

There is a myth that teaching is a solitary activity. In
reality, when science teachers enter a classroom they bring
with them parents, educational psychologists, curriculum
designers, assessment experts, scientists, policymakers, and
other teachers, to name a few. These four reform initiatives
that inform current and future science teaching represent the
efforts of many of these individuals and organizations con-
cerned about students and teachers of science. All have and

have had classroom teachers involved in design, development, review, and imple-
mentation. All assume that learning to teach is a lifelong process of professional
development. All envision teaching tomorrow as very different from teaching today.
Science teachers, aware of the demands of the profession, use these reform initia-
tives to inform their practice, to plan their own professional development, and to
effect change in education policy. In supporting and participating in reform efforts,
they demonstrate that teachers do have specialized knowledge and skills.
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Other Science Education Reform Efforts
AAAS, NSES, NBPTS, and INTASC represent only a small number of the reform
initiatives that influence the life of a classroom teacher. When work began on NSES,
there was a commitment to engage all the professional organizations that were stake-
holders in the process of review and revision. The project began with an advisory
board that included a representative from a number of key professional organiza-
tions of teachers: AAAS; NSTA; the American Association of Physics Teachers
(AAPT); the American Chemical Society (ACS); the National Association of Biol-
ogy Teachers (NABT); the Earth Sciences Education Coali- Science teachers
tion (ESEC); the Council of State Science Supervisors /
(CSSS), which has become the National Science Education aware of the
Leadership Association (NSELA); and the National Science demands of the
Resources Council (NSRC). After the first review was re- pro fossion. use
leased, literally hundreds of other organizations demanded ’
to participate. It is with that event in mind that I hesitantly these reform
list nine other projects that I believe will directly or indi- initiatives to inform
rectly impact science education reform in the United States. . .
This list is by no means complete. their practice, to
y p .
Certification and Accreditation in Science Education p/an their own
(CASE), not surprisingly, adopted standards as a way to in- profess ional
fluence undergraduate and graduate programs that prepare
science teachers. In cooperation with NSTA, the Association deve/op ment, and
for the Education of Teachers of Science (AETS), and the to effect Change in
National Council for the Accreditation of Teacher Education education po /icy.
(NCATE), CASE defines 10 standards that focus on content,
nature of science, inquiry, context of science, pedagogy, science curriculum, social
contexts, professional practice, learning environments, and assessment (Gilbert, 1997),
AETS has proposed standards for college and university faculty who prepare
science teachers. The standards are identified as knowledge of science; science peda-
gogy; curriculum, instruction, and assessment; knowledge of learning and cognition;
research/scholarly activity; and professional development activities (AETS, 1997).
The Third International Mathematics and Science Study (TIMSS) was adminis-
tered to over a half million students at five grade levels from 41 countries in 1995, In
the United States, this study was supported by the National Center for Educational
Statistics (NCES). The results were released in 1997-98. The relatively poor perfor-
mance of U.S. students on TIMSS renewed interest in mathematics and science edu-
cation reform. TIMSS-Revisited (TIMSS-R), planned for 1998-2001, is designed to
again test the science and mathematics knowledge and skill of students in the United
States in order to track changes in student performance over time (Third Interna-
tional Mathematics and Science Study, 1998).
The Program for International Student Assessment (PISA) is organized to pro-
duce policy-oriented indicators of students’ achievement on a regular basis in an
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efficient, timely, cost-efficient manner. PISA’s intention is to design indicators that
not only test knowledge and skill but also indicate the student’s ability to be a life-
long learner and to analyze, reason, and communicate. PISA is supported by the
Organisation for Economic Co-operation and Development (OECD; Program for
International Student Assessment, 1998).

The National Center for Improving Science Education (NCISE) was formed to

“promote changes in state and local policies and practices in science curricu-
lum, science teaching, and the assessment of student learning in science. The
Center synthesizes and translates recent and forthcoming studies and reports
and develops practical resources for policymakers and practitioners. Bridging
the gap between research, practice, and policy, the Center’s work promotes
cooperation and collaboration among organizations, institutions, and individu-
als committed to the improvement of science education (NCISE, n.d.).”

The National Institute for Science Education (NISE) was formed to

“address the totality of the education enterprise, to assess its effectiveness and
examine what activities need to be established, what activities are no longer
needed and what approaches will enhance science education. The NISE vision
is that all students leave the educational system with an ability to make in-
formed decisions about the SMET (Science. Mathematics, Engineering and
Technology)-related matters they encounter in their daily lives (NISE, 1998).”

The National Center for Improving Student Learning and Achievement in Math-
ematics and Science (NCISLA) is a collaborative of researchers concerned with de-
signing instruction and assessment based on sound cognitive and social principles
that lead to student achievement (Romberg, 1997).

Finally, two current reform initiatives, not directly related to science but likely to
influence teaching of all school subjects, are the National Commission on Teaching
and America’s Future (NCTAF) and the National Partnership for Excellence and Ac-
countability in Teaching (NPEAT). NCTAF, in its report What Matters Most: Teaching
for America’s Future, proposes an:

“audacious goal that . . . by the year 2006, America will provide all students in
the country with what should be their educational birthright: access to compe-
tent, caring, and qualified teachers. This commission recommends five changes:

o Get serious about standards, for both students and teachers.

® Reinvent teacher preparation and professional development.

& Overhaul teacher recruitment and put qualified teachers in every class-

room.
o Encourage and reward teacher knowledge and skill.

o
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o Create schools that are organized for student and teacher success” (National
Commission on Teaching and America’s Future, 1996, pp. 5-7).

NPEAT is a collaborative of researchers, teachers, and policymakers committed to
making progress on the five NCTAF recommendations.

ABC, XYZ! While it is probably not realistic to keep track of all the reform
initiatives, let alone participate in all of them, especially not while being responsible
for the well-being and achievement of students, individually and collectively, these
reform initiatives influence life in classrooms. These reform initiatives provide teach-
ers with opportunities and guidance for professional development. All encourage
teachers to learn more science, more about students, more about learning, and more
about teaching and assessment. They provide reasons for teachers to participate in
education policy decisions at the school, district, state, and national levels. They
provide the mandate, design, and warrant for the professional development of sci-
ence teachers into the next century.
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Thomas Gadsden, Jr., is associate director for collaboration at the Eisenhower National Clear-
inghouse for Mathematics and Science Education at The Ohio State University. During his career
as teacher, professor, district supervisor, informal educator, and officer of professional organiza-
tions, he has led and facilitated numerous professional development efforts and made presenta-
tions throughout the United States and in Europe and Africa on topics ranging from elementary
science to high energy physics to effective use of the World Wide Web.

Kimberly S. Roempler is associate director for instructional resources for the Eisenhower Na-
tional Clearinghouse for Mathematics and Science Education at The Ohio State University. She is
involved in both preservice and inservice science teacher education, and is the acting science
resource specialist at ENC and author of numerous articles and papers. She continues to teach
introductory-level science classes at Columbus State Community College.

No longer can we describe good teaching as the one-way transmission of informa-
tion from one person to another. Similarly, significant professional development
can no longer be seen as something done by one party to another. All participants in a
professional development effort (the initiators, facilitators, information sources, teach-
ers, community, parents, evaluators, students) must become learners and take part in
the inquiry. Consequently, it is important that each participant also plays a role in plan-
ning so that the planning itself becomes the beginning of professional growth and
Systemic improvement.

Where can facilitators and planning teams find the information and examples that
they each will need in order to plan and begin the inquiry? Certainly, the traditional
sources of such information are as valid today as they have ever been. Libraries,
professional journals, consultants, and the experiences of colleagues provide much
of great value. Now, however, the newest source of information, the World Wide
Web, makes available resources unimaginable just a decade ago. Yet the explosive
growth of this virtual megalibrary and vehicle for asynchronous teaching and com-
munication has left many feeling confused, overwhelmed, and lost as they try to
locate the resources that will be of value for their specific needs and interests. Where
can one find the guidance, the resources, the insights, and the ideas necessary for
successful professional development?

N



National Science Teachers Association

4

Online Resources for Planning: ENC and ERIC

Two of the richest online resources for science and mathematics education are the

Eisenhower National Clearinghouse for Mathematics and Science Education (ENC)

and the Educational Resources Information Centers (ERIC).

The mission of ENC is to “identify effective curriculum resources, create high-
quality professional development materials, and disseminate useful information and
products to improve K-12 mathematics and science teaching and learning”
(Eisenhower National Clearinghouse for Mathematics and Science Education [ENC],
1998a, p. 1).

ENC’s World Wide Web site, ENC Online <http://www.enc.org>, provides search-
able online access to information (the ENC Resource Finder) about the great major-

ity of K—12 mathematics and science curriculum resources
The mission of ENC | that are currently available. The ENC National Repository
is to identify now contains more than 14,000 mathematics and science
instructional and professional resources. Catalog records
describing each of these resources include appropriate grade
resources, create levels, subjects covered, abstracts, tables of contents, physi-
h igh-qua /ity cal descriptions, evaluative information, and information
about vendors and suppliers. A variety of search tools helps
teachers find the most appropriate curriculum materials for
deve/opment specific grade levels, subject areas, topics, resource types,
materia /5/ and cost ranges, and other criteria.
. . In addition to this extensive database, ENC also creates
disseminate useful topical and timely online publications that are also available
information and in print or CD-ROM. For example, each issue of ENC Focus
products to improve provides information about a special topic in math and sci-
ence education, articles about innovative educators and pro-
grams, and catalog records from the ENC Resource Finder
and science for selected curriculum materials that exemplity the topic. Re-
teach ,-ng and cent topics have included children’s literature in math and
science, professional development, multicultural teaching, and
informal science education. Future topics will address inno-
vative curricula, inquiry and problem solving, and educational
technology. In the annually published The Guidebook of Federal Resources for K-12
Mathematics and Science, ENC provides listings of resources and opportunities avail-
able to teachers in each state from each federal agency (ENC, 1998b).

ENC recently compiled the results of two in-depth projects, one that focused on the
Third International Mathematics and Science Study (TIMSS) and the other on equity
in the math and science classroom. The resulting Web sites are rich with teacher sto-
ries, journal articles, professional development activities, additional relevant Web sites,
and information about curriculum materials. Each one is available on CD-ROM, as
well as online at <http://timss.enc.org>, and <http://equity.enc.org>, respectively.
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ENC Online also contains carefully organized and selected links to over 900
other outstanding mathematics and science Web resources that provide up-to-date
content information, lessons and activities, and extensive professional resources.
Educators who are planning protessional development can quickly reach existing
resources, such as the North Central Regional Educational Laboratory’s (NCREL)
Pathways to School Improvement (1999), the WestEd
Eisenhower Regional Consortium for Science and Math- | ERIC is the primary
emz'itics Education’s Tales from the Electronic Fron.tier source for abstracts
(Shinohara, Wenn, and Sussman, 1996), and the publica- .
tions and products of the U.S. Department of Education. Soon of educational
they will also have access to resources that are currently research and
under development, such as the Teacher Materials Project
(TMAT), a database of evaluated science professional de-
velopment materials created by Horizon Research, Inc.
(1998), and the reports of the National Staff Development Council (NSDC) initia-
tive, What Works in the Middle: Results-Based Staff Development (1999).

While ENC concentrates more on curriculum materials, ERIC is the primary source
for abstracts of educational research and scholarly writings. The main ERIC Web
site <http://www.accesseric.org:81> leads to the virtual homes of ERIC’s network of
18 clearinghouses and 13 adjuncts and affiliates. Each one focuses on a separate
specialty, many of particular value to the professional developer, including
Information and Technology
Assessment and Evaluation
Elementary and Early Childhood
Parent Information
Teaching and Teacher Education
Rural Education and Small Schools
Urban Education
Science, Mathematics, and Environmental Education (Educational Resources In-
formation Center [ERIC], Access ERIC, 1998a).

Educators can reach the online resources of ERIC Clearinghouse for Science, Math-
ematics, and Environmental Education (CSMEE) at <http://www.ericse.org>.

From each of the ERIC Web sites one can search the ERIC Database of nearly
one million abstracts of documents and journal articles on education research and
practice. Users have a choice of several search engines of varying sophistication.
One of the search engines, for example, includes a “wizard” that will guide the user
to interactively develop search strategies and identify the correct descriptors (ERIC,
Access ERIC, 1998b).

In addition to pointing to a wealth of other valuable educational Web sites, ERIC
creates and maintains a substantial number of their own online resources. For ex-
ample, AskERIC <http://ericir.syr.edu> responds to questions concerning “educa-
tional research, education issues, or the practice of education” (ERIC, Clearinghouse
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on Information & Technology [ERIC/IT], 1999a, par. 1). ERIC publishes an out-

standing series of short reports (ERIC Digests—also online) on topics of current

interest in education. ERIC Bulletins and Curriculum Files, 4- to 12-page articles

that treat specific topics in greater depth, are also available in print and online. Other

ERIC publications include monographs and education re-

In addition to source books. Plus, ERIC collects and makes available online

o thousands of lesson plans at <http://ericir.syr.edu/Virtual/
pointing to a wealth | | '

of other valuable The U.S. Department of Education funds both ENC and

educational Web the ERIC network. ENC and ERIC/CSMEE share their

. physical location and the ENC/ERIC Resource Center at The

Sites, ERIC creates Ohio State University, in Columbus, Ohio.

and maintains a The best way to become familiar with the kinds of assis-

substantial number tance each of these World Wide Web resources can provide

teams that are planning for professional development is to

electronically explore the resources they contain. The re-

resources. mainder of this chapter will provide specific suggestions to

guide that exploration within the context of systematic plan-

ning for professional development and framed within Loucks-Horsley’s planning

sequence for the professional development design process (Loucks-Horsley, 1998).

of their own online

Setting Goals

As the planning begins, professional developers face a host of questions:

What are the purposes and goals of this professional development project?

Who should participate in the professional development?

What strategies will be used to accomplish the goals?

How can one know that there is progress?

How can the learnings be internalized and improvements be sustained?

How will schoolchildren benefit?

Once the organizers of a professional development endeavor have formed a planning
team representative of all participants, including administrators, parents, community
leaders, and others, the first steps in planning for professional development require
the setting of goals. Even though all team members are convinced that improvement
of science teaching and learning is essential, a planning group composed of indi-
viduals with varying backgrounds, experiences, and investments in education is likely
to encounter differences in their perceptions of those needs. Thus, to build consensus
and formulate goals that draw the education community together, the planning team
must first create a common understanding of the needs for change. Then, they can
become advocates for change and work together to secure the necessary commit-
ment and support of the district administration and the community. The planners for
professional development facilitate the team’s efforts by developing familiarity with
the vast array of resources that address questions like those above. The following are

n
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examples of resources helpful in various stages of planning and implementing a
professional development project.

Research concerning what is happening in science education locally, nationally,
and globally can help place a district’s needs in perspective and suggest promising
directions for change. The ENC Web site, Tools for discussion: Attaining excellence
through TIMSS, provides educators, parents, and business and community leaders
with information and tools they can use to examine science performance in the United
States in relation to other nations. Tables show comparative
results along with data about curriculum, textbooks, and Once the Organizer S
teaching practices (ENC, 1997). The “Executive Summary of a professional
of A Splintered Vision: An Investigation of U.S. Science and
Mathematics Education,” can stimulate discussions that lead
to new insights concerning the strengths and weaknesses of endeavor have
a district’s science curriculum (McNeely, 1997). Pathways formed a plann ing
to School Improvement provides another source for research- .
based information on science teaching and professional de- team representative

g p
velopment (NCREL, 1999). of all participants,

Through ERIC, a planning team can learn about impor- including
tant educational trends using the National Center for Educa- administrators
tional Statistics (NCES, U.S. Department of Education). For T
example, The Condition of Education, 1998 reports on 60 parents, community
indicators grouped in categories including access, partici- Ieaders, and others,
pation, achievement, curriculum, and diversity in education.
Planners also can learn about proficiency trends among 9-, ]
13-, and 17-year-olds and welfare participation as related to p/annlng for
educational attainment (Snyder & Wirt, 1998). From NCES’s professional
Digest of Education Statistics (a massive report with over
400 tables of statistics like educational attainment by state
and by metropolitan area, state education regulations, in- require the setting of
come and poverty levels by state, and enrollment by school goa Is.
district), the planning team can obtain information to help
in the development of understanding of the relative status of education in their com-
munity (Snyder, Hoffman, & Geddes, 1998).

National standards and frameworks, found through ENC Online, exemplify key
professional movements to improve teaching and learning. The full-text electronic
versions of the National Science Education Standards (National Academy of Sci-
ences [NAS], 1998), the Benchmarks for Science Literacy (Project 2061, 1997), and
several state frameworks provide a national context and vision for formulating the
goals and objectives for local reform initiatives. Another one of the reform sites
located on ENC Online, the Annenberg/CPB Projects’ searchable database, The Online
Guide to Math and Science Reform, contains concise information on strategies, im-
pact, funding, and other details for about 250 science professional enhancement ini-
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tiatives (1999). Updated twice each month, the information can provide welcome
insights and ideas as well as contacts for those beginning similar projects.

Planning: Designing the Professional Development Plan
With project goals established and sufficient support secured, the professional develop-
ment facilitator will work with the planning team to create a plan for sustainable profes-
sional development. The group can find guidance in an online monograph by McKean
and Nelsen (1997), “Short-Term Professional Development Programs,” that defines
criteria for successful interventions and discusses a variety of
As we r ecognize such projects and their evaluations by expert panels.
that all children Professional development must also address local issues
, and societal transitions affecting education. For example, con-
can lear n, equity cerns about the changing demographics of a district and the
cannot remain a need to adjust for these changes may be critical to the success
sidebar issue. of a pFofessional developn}ent project. As we re.cognizF: that
all children can learn, equity cannot remain a sidebar issue.
Making Schools Work for Every Child brings this issue to the forefront. This Web site
provides stories, vignettes, an equity guide, and Web resources for community build-
ing and self assessment, as well as articles conceming bias and diversity issues (ENC,
1998c¢). An Equity Tool Kit activity called “Survey Says...” located on this site can
help educators assess their own positions and actions using an awareness survey (Michi-
gan Department of Education, North Central Regional Educational Laboratory, and
The Math Science Consortia, 1997b).

For guidance in constructing and orchestrating successful professional develop-
ment, a search on ENC’s listing of professional organizations will locate The Na-
tional Staff Development Council (NSDC). NSDC’s Standards for Staff Develop-
ment provides needed guidance for context, process, and content for professional
development (1999). The National Science Education Standards also include stan-
dards for professional development that are specific for science teaching (NAS, 1998).

As a planning team considers the overall structure of a professional development
endeavor, they might search the ERIC Database and uncover an ERIC Digest article
from June, 1995, “Reconceptualizing Professional Teacher Development,” that helps
to clarify an appropriate paradigm for professional development, one that will “shift
teachers away from dependency on external sources for the solution to their prob-
lems and toward professional growth and self-reliance in instructional decision mak-
ing” (ERIC, Clearinghouse on Teaching and Teacher Education [ERIC/TTE], 1995,
par. 4). ENC’s Ideas that Work on ENC Online offers the information and the in-
sights needed to select effective professional development strategies for the project
(Loucks-Horsley, 1998). Together all of these resources will help the professional
development planning team create a common vision and plan consistent with na-
tional standards that will shape the professional development experience.
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Doing: Planning for Action

For each component of a professional development endeavor (such as institutes,
follow-up workshops and conferences, online discussions, etc.), facilitators must
structure activities that will help participants identify successful practices and chal-
lenge outdated ones. Activities must stimulate inquiry and discussion and foster in-
ternalization and competence with new skills and understandings as well as encour-
aging ongoing dialog and continual evidence-based improvement of teaching. To
identify teaching materials to serve as examples for study in professional develop-
ment activities, facilitators can conduct searches on ENC Online by going to “Search”
and selecting a search tool. For example, an educator might conduct a search to
identify instructional materials for the middle level (grades 6, 7, 8) for teaching life
sciences (subject)—in particular, populations—using manipulatives (resource type).
The search results identify 17 possibilities and include detailed descriptions of each
(ENC, 1999b). Reading through the catalog record and abstract for the very first one
on the list, a kit, Survival Strategies, Module 2, by Project WIZE (Wildlife Inquiry
through Zoo Education; Falk, 1984) shows that it’s a good match with the criteria.
The ENC catalog record for Survival Strategies (and all other instructional materi-
als) includes the exact contents, the cost, and how to obtain the materials.

Another search might locate Tales of the Electronic Frontier,- which describes
classroom experiences in using the Internet for teaching K—12 science and math-
ematics (Shinohara et al., 1996). By clicking on the Web address (URL) in the cata-
log record, one can go directly to the online version. The cases described can serve
as excellent stimuli for participant reflection and discussion.

ENC and ERIC can also provide much of the context and content for improving
subject matter knowledge, as well as information about assessment, leadership, tech-
nology, curriculum materials, research, etc. Planning for activities in which partici-
pants can learn how to conduct their own searches to find, examine, and evaluate
Web sites can open the door for continuing self-directed online learning. Having
participants create lesson plans that incorporate technology can help increase their
understanding and confidence in classroom application of the Internet.

From both ERIC and ENC Web sites professional developers and participants
can reach the Gateway to Educational Materials (GEM) and can locate nearly 4,000
valuable Web sites by searching multiple databases at the same time (ERIC/IT, 1999b).
One of the records retrieved, described, and linked to is the Tramline Virtual Field
Trip, which features The Desert Web Tour, among others (Tramline, Inc., 1998).
ERIC/IT is also home to the Virtual Reference Desk and its AskA+ Locator service
that helps students, teachers, and parents locate experts like those at Ask a Volca-
nologist or Ask Shamu who will answer their questions (1998). At ERIC-CSMEE
virtual visitors (those electronically visiting the Web site) can find extensive infor-
mation on teaching science outside the classroom (1999).

Professional development is not just for teachers and administrators. At the Web
site, Equity@ENC: Making Schools Work for Every Child, one can find “Community
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Building,” a section containing resources to help educators build relationships with

parents and other members of diverse school communities. Among these resources,

the “Partnering with Families and the Community” activities can help show parents

and community members how to take a more active role in their children’s science

education, especially in removing barriers that may inhibit

ENC and ERIC can learning among women, minorities, and those with disabili-
provide much of the ties (Michigan Department of Education et al., 1997a).

context and content Reflecting: Extending the Professional Growth
for impr 0] ving Planning for effective professional development also means
sub ject matter planmpg for the ext.ens'lon,' institutionalization, e.valuatlon,
reflection, and continuing improvement of teaching and of
knOW/edge/ as well the professional development itself. One goal of any pro-
as information fessional development must be that participants learn how
about assessment, to sustain and continue their own learning. The best indica-
. tor of the success of professional developers may be that
leadersh P, they are no longer needed.
technology, By searching ENC’s Digital Dozen (the monthly selec-
curriculum tion of exemplary Web sites), participants may locate “Live
) to Learn,” an in-print, video, and online professional de-
mater Ia/S, and velopment package created by the George Lucas Educa-
research. tional Foundation. One part, for example, Jan Hawkin’s “The
World at Your Fingertips,” may elicit discussion among par-
ticipants about the uses of educational technology (1997).

For continuation of learning and reform activity, much long-term professional
development can occur over the Internet. ENC Online’s listing of reform sites in-
cludes “Online Professional Development Opportunities” (ENC, 1999a). For example,
The Biology Project at the University of Arizona shows a comprehensive program of
multiple-choice problem sets with linked tutorials and graphics for improving under-
standing (Grimes & Hallick, 1999). Another, World Builders, a distance education
course at California State University, Los Angeles, uses problem-based constructivist
activities to teach what it takes to create a livable world (Viau, 1999).

As participants use the Web site, TIMSS @ENC, they find additional tools to help
them connect with online communities discussing and working with the TIMSS find-
ings. TIMSS Forum, for example, offered by the Mid-Atlantic Eisenhower Consor-
tium, is an electronic discussion forum that encourages online teacher interaction
concerning the TIMSS results and their implications for practice (Mid-Atlantic
Eisenhower Consortium for Mathematics and Science Education, 1997).

Through ENC'’s list of partners, one will find that each of the Eisenhower Re-
gional Consortia has identified a wealth of education resources, services, and oppor-
tunities available in each region. Many of the Consortia have also created excellent
online products. For example, WestEd Eisenhower Consortium maintains Science
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Adventures (Eisenhower Regional Consortia for Mathematics and Science Educa-
tion, 1997), which provides a way to locate informal education resources and oppor-
tunities across the United States.

Through ENC and ERIC, a participant team would be able to locate most of the
online resources and guidance they need to continue their own learning and to ex-
pand their discussions and investigations to include others around their community
and the nation. For example, ERIC is a good source of information about assess-
ments and surveys to evaluate the success of a workshop or institute and advise
ongoing improvements. ERIC resources can help participants understand how to
conduct their own action research as a way to obtain useful feedback on their own
application of learnings gained through the professional development program. Con-
tinuing professional growth coupled with sound evaluation and data-driven improve-
ments provide the foundations for sustainable and valuable education reform.

Bringing It All Together
ENC and ERIC open doors for the planning and accomplish- ERIC resources can
ment of sustainable, ongoing, standards-based professional
development that can significantly enhance the lives of chil-
dren. Professional development is not a single event, but a understand how to
continuing process that can take place in highly varied forms conduct their own
and situations, from an individual seeking self-improvement,
to a school district seeking to correct deficiencies or to help )
their best scholars achieve their maximum potentials, to a | Way {0 obtain useful
professional organization attempting to revitalize and reform feedback on their
education in response to dramatic societal changes. Now,
thanks to electronic technologies, careful planning and rich ) )
professional development experiences can occur nearly any- learnings gained
where and involve nearly anyone in the nation. Using ENC through the
and ERIC as gateways to resources for professional devel-
opment planning allows accomplishment of high-quality pro-
fessional development in the relative isolation of rural and development
remote communities, within the milieu of inner cities, at the program.
great scientific and learning centers of the nation, and even
in the midst of the natural world.

The Eisenhower National Clearinghouse is supported through a contract with the
U.S. Department of Education.

help participants

action research as a

own application of

professional
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From the headline-making publications of A Nation at Risk (National Commission
on Excellence in Education, 1983.) and Science For All Americans (AAAS, 1989),
to the final publication of the National Science Education Standards (NSES) in 1996,
13 eventful years passed in science education. To the public, to legislators, and to the
press, some 300 reports on the state of school science created the impression that the
profession lacked a common focus for reform—a “fibrillating heart” sending powerful
but mixed messages. But from the perspective of the American classroom teacher, the
waiting years were productive ones.

The NSES authors described the waiting years with classic understatement: “Some
outstanding things happen in science classrooms today, even without national stan-
dards” (p. 12). In fact, in the 1980s and 1990s innovation was widespread. Hundreds
of projects were initiated to explore pathways to change—some by national organi-
zations like the American Association for the Advancement of Science (AAAS) and
the National Science Teachers Association (NSTA), some by consortia of publishers
and researchers with funding from the National Science Foundation (NSF), some by
business and industry programs (like Toyota’s TAPESTRY), and still others by teacher
teams in site-based reform efforts (including NSF’s Systemic Initiative.) Using the
capacity of the nation’s universities and teacher-training institutions, these projects
were usually evaluated empirically and compared to the growing body of common
wisdom that was ultimately codified into the NSES. So, despite the impatient antici-
pation of classroom teachers for definitive national standards, the development years
were productive ones.

Science educators were aware of the diminishing scientific literacy of Americans
long before A Nation at Risk. To a great extent, a consensus was reached on solutions
long before the Standards clarified it to the public at large. The profession agreed:
Good teaching involves guided and structured inquiry, with an emphasis on opportu-
nity to learn among communities of learners; good assessment provides valid and
usable data throughout the learning process; content must be less broad with greater
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depth; programs and systems must be coherent, integrated, and focused on support
of learning, equity, and good teaching; and, perhaps most importantly, persistent,
effective change must be supported with a professional development system that is
both authentic to and embraced by America’s science teachers.

Despite this consensus, it took precedent-setting cooperation among profession-
als in science, business, industry, government, and the professions to produce a docu-
ment with the influence of the NSES. Without this coherent and powerful voice, the

financial and legislative support needed to embed the stan-
It took preceden {- dards into the structure of American education would never
. . occur. And without active acceptance by classroom teach-
Settmg cooperation ers, the landmark document would be destined for the li-
among professionals | brary shelf.
in science, business/ The publicity that accompanied the final release of the
NSES in 1996 was not universally positive. The headlines
that proclaimed the standards new and revolutionary implied
government, and rejection of existing practice. So it was with mixed emotion
the professions to that classroom teachers received copies of the Standards.
d They celebrated, because the unprecedented collaboration
proauce a among scientists, educators, and business leaders had vali-
document with the | dated a visionary document and provided them with ammu-
influence of the nition to support change. But they also confessed confusion:
NSES Where should they begin? What place would the work of
) the last 13 years play? How could the standards be imbed-
ded into practice in a manner that would make this round of
change sustainable? In some ways, the excitement that accompanied the standards
had the potential of becoming a barrier to further change for veterans who had been
working toward change for over a decade and who had seen other initiatives come
and go over their careers.

It was in that context that NSTA convened a large, representative group of mem-
bers to evaluate current practice in the context of the NSES and to create a compre-
hensive professional development package that would move the vision into practice.
Current research provided a clear set of guidelines for the implementation effort:
learning occurs best when it begins on familiar ground, inservice programs are most
effective when they are long-term, and instruction changes only when practicioners
embrace change not only intellectually but also emotionally (Holmes Group, 1990).
From a base of research and best practice, NSTA proposed to develop professional
development for elementary, middle, and secondary teachers which would relate the
best of current work to the standards and link today’s classrooms with tomorrow’s
high ideals.

The NSTA Pathways project was underway. The first phase involved the devel-
opment of three publications (one for each level) that would provide convenient
access to familiar current resources. In order to achieve not only intellectual but also
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emotional commitment to change, a project team sought to recognize that some ele-
ments of best practice in every classroom in America. Believing that change is easi-
est when personal choices are supported by positive reinforcement, three Pathways
books (Texley & Wild, 1996) emphasized that elements of the standards existed in
every school. The project sought to bring easily-accessible tools to those classrooms
so that the teacher could move forward with support from the profession. Phase 11
would involve accumulating resources for easy access on CD-ROM, and ultimately
the series would be part of aggressive professional development.
The Pathways team quickly reached consensus on its goals:

+ Change in professional practice would be effective only if it was generated by
teachers; therefore, the Pathways project would be based upon those standards-
compatible efforts that have been used effectively in classrooms.

o The standards are models, not formulas. There is no single route toward an ideal
program or system; the most appropriate first steps would be those chosen by each
community.

o To achieve sustainable change in classroom practice, Pathways would first help
teachers recognize their preconceptions and those elements of their own programs
that were most compatible with best practice.

o The program would encourage teachers to apply new standards to existing prac-
tice and to value small steps toward more effective science education rather than
totally reject their own current methods.

¢ The public, including parents and community leaders, would need to become more
aware of existing and newly adopted practices that move their systems toward the
standards, in order to provide reinforcement and affirmation to teachers who are
moving toward change. Therefore, teachers would have to include in their own
agenda a commitment to working with outside stakeholders on the realization of
the standards.

The Phase I Pathways books were devoted to support of classroom teachers. In
order to link current practice to the standards, the editors surveyed over 700 existing
projects and programs which had been evaluated as effective. For each level (el-
ementary, middle, high school) and for each area of the NSES, connections were
defined to accessible resources and effective practices. Consider these examples from
the secondary Pathways:

Teaching Standard A: “...planning inquiry-based science...”
+ Concept mapping and (Gowan’s) vee diagrams
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o Prereading strategies for comprehension
& Assessing preconceptions

Teaching Standard B: “...guiding and facilitating learning...”
+ Constructivist research on preconceptions

# Open-ended inquiry

¢ New approaches to traditional labs

Teaching Standard C: “...engaging in ongoing assessment...”
+ Constructivist questioning
& Research on wait time and effective classroom dialogue

Teaching Standard D: “...designing and managing the learning environment...”
# Block and other innovative approaches to scheduling
& Management techniques to maximize time on task

Teaching Standard E: “...developing communities of learners...”

o Sensitivity to multicultural differences

o Cooperative learning techniques

+ Increasing accessibility for handicapped students and opportunity to learn

Teaching Standard F: *...Teachers...actively participating in...program develop-

ment...”

& Scope, Sequence, and Coordination (NSTA, 1992) models from the National Sci-
ence Teachers Association

& Project 2061 models from the American Association for the Advancement of Sci-
ence

¢ Model “Triad” projects from the National Science Foundation

The publications linked the professional development standards to research on the
need for content knowledge in science teachers, models for peer collaboration and
research and internship experiences through business and industry. The authors il-
lustrated the Assessment Standards with examples of successful projects in perfor-
mance assessment, interviewing and group tests, portfolios, and assessments of pro-
grams and systems. Case studies in outcomes-based education, Science/Technology/
Society projects, event-based science, and programs directed toward increasing op-
portunity to learn in underrepresented groups provided pathways to achieving the
Program Standards. Using the System standards, Pathways referenced projects that
addressed the barriers to reform in state and federal systems, as well as models for
working with parents, business/industry, and school boards.

For each familiar project, model, or plan, the Pathways program would provide
easy-access document references from the professional journals most commonly
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available to classroom teachers, Web sites, and a companion CD-ROM. By putting
the work of fellow professionals at arm’s reach, the authors hoped to reaffirm that the
keys to reaching the newly defined standards were no farther than the closest profes-
sional library.

At the outset, the Pathways publication team struggled not only with the volume
of material available—almost two decades of work—but also with the structure which
would make the content most recognizable to teachers. To see themselves changing,
teachers must first see themselves. They did not need a restatement of the NSES: In
order to link current practice to the standards most effectively, the Pathways publica-
tions looked at a number of issues:

1. Voice. The reforms which the NSES demand can never be achieved without a
strong, new level of shared understanding and mission among all of the stakeholders
in education—community leaders, parents, business and industry, and education. But
to the extent that the NSES publication attempted to address all of these audiences,
the book failed to reach any of them most effectively. Agreeing with the standards
and research (ERIC, 1995) that longstanding change must begin with teachers, the
Pathways project would limit its voice and focus only on classroom teachers.

2. Grade structure. After considerable debate, the NSES chose to use a grade
structure which was loosely based upon the most common divisions in state assess-
ment projects: Elementary (K-4), Middle (5-8), and Secondary (9-12). The Path-
ways publications recognized that American schools vary greatly in grade configu-
rations, and that the most effective vehicle for change would affirm the grade levels
in each community. So the NSTA publications included an overlap—Elementary
(K-6) and Middle (5-8).

3. Secondary certification and assignments. One of the most difficult issues
faced by the Pathways project was how to effect change in secondary classrooms.
Ultimately, there was consensus that in order to achieve the essential emotional com-
mitment among secondary teachers, they must first recognize themselves and their
own best practice. Since secondary staffs identify themselves not as science teachers
but as biology, chemistry, physics, or earth science teachers, the Pathways secondary
publication chose that structure and integrated standards information on the cross-
disciplinary issues of inquiry, history and nature of science, and integrated content
within each of those four certification areas.

4. Cross-level references. Realizing that the emerging discipline of middle-level
education often finds itself sandwiched between long-established bodies of second-
ary and elementary practice, the middle-level Pathways provides unique tables that
cross-reference the standards and skill levels which progress from elementary through
secondary levels.
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5. Content. Recognizing that secondary teachers invariably have content majors,
but that the norm for teacher preparation in the content area weakens in the middle
and elementary areas, the Pathways publications for the latter two teacher groups
include brief, concise summaries of the hard science upon which the standards are
based. They do not to teach the science; the scope of the publications could never
allow that depth of coverage, and simply reading the science could never convey it
effectively. The content summaries defined not only what should be taught, but in
the “less is more” spirit of the standards they delimited what is not included in the
core content expected of students by the standards.

6. Student materials. Within the context of the project’s goal to be immediately
useful to teachers, the project team considered the issue of whether to include actual
(photocopyable) student activities. Ultimately, the team rejected the idea. Rather than
affirming the project philosophy that teachers should build upon their existing curricu-
lum (their current texts and materials), photocopyable materials might create the im-
pression that existing programs must be replaced in their entirety. Thus, new student
exercises might be more limiting for teachers than vignette-models of teachers who
made small but significant improvements in their own existing methodology.

7. Evaluation. Another intense debate among the Pathways team was the issue of
the use of the standards and the Pathways project in particular, for teacher evaluation.
Although the authors and reviewers clearly understood that the project was a profes-
sional development effort and not a tool for those outside the classroom (i.e., adminis-
trators) to judge progress, the team was very conscious of the potential for abuse of any
measurement scales that might be included. For that reason, a very sound series of
charts on which a teacher might measure his/her progress toward the standards was
ultimately rejected. But the project did devote attention to NSTA’s system.

8. Learning Theory. Recognizing that the most significant contributions to the
profession in the past decades have emerged from our growing understanding of
neuroscience and how children learn, the Pathways project devoted significant text
to describing the nature of the learner as associated with each content area. This
strand is particularly strong in the elementary edition, where the close association
between developmental level and developmentally appropriate content is constantly
emphasized.

Pathways, thus, addressed its primary audience with an approach that was de-
signed to achieve professional growth through an emotional and intellectual com-
mitment that could only begin on familiar ground. The sources that were included in
the Phase I publications (chiefly references and CD-ROM access) were almost ex-
clusively those that would be easily accessed in school and educational resource
center libraries. For example, a project that might have been described both in the
Journal of Research in Science Teaching (JRST) and The Science Teacher (TST)
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would have been referenced in the latter. (Where research data was needed, the second-
ary reference to JRST would be available in TST.) The structure of the references,
like that of the entire document, was built upon not what

might be a future ideal but what exists today. Secondary As a vehicle for
references were divided into (and often repeated for) each
certification area; elementary and middle school areas were
consciously overlapped so that teachers could find the pro- development, the
grams most applicable to their entire school structure in one Pathways project
volume.

As a vehicle for professional development, the Pathways )
project may be unique in its emphasis on empowerment. A emphasis on
consistent message throughout the publications is that the empowerment.
information provided should be used not only as a tool, but
also as a weapon. ““Take this to your administrator...or to your school board.” Recog-
nizing that change will be awkward, uncomfortable, and inevitably expensive, the
text provided many tools for teachers to use in justifying their efforts to the stake-
holders who affect their professional lives.

Also unique is the series’ recognition of the systemic barriers that may face teachers
as they move toward the standards. Inquiry-based instruction is highly effective, but
it is also messy, expensive, and occasionally unreliable. Will the administrator un-
derstand? New forms of assessment may increase validity, but when the grading
standards change, how will the parents of high-performing students react? When a
teacher works toward an outcomes-based curriculum, how will the administration
react to possible attacks from opponents? When the system makes a commitment to
equal opportunity to learn, will the necessary support in the form of compensatory
education follow? Where previous university-generated professional development
programs have often been criticized as being unrealistic or “ivory-tower,” Pathways
sought to increase its effectiveness by imbedding a constant recognition of the sys-
temic barriers to reform that exist in American schools.

As the project explored standards and barriers, it became apparent that several
areas of the standards had few or dated links within the current literature. A revision
of the NSTA program for science program evaluation was one of the first associated
projects that was a result of the impetus created by the Pathways project. The revised
program assessment instrument will not only be a publication but a computer-based
system in which a group of staff members can compare their perceptions and mea-
surements to those of others and to the ideal represented by the standards in a process
authentic to site-based professional development.

Another area of the standards that the Pathways team found almost ignored in the
science education literature was the topic of the physical facilities that must support
good science education programs. A 1998 study by the U.S. General Accounting
Office found that 40 percent of American schools had serious structural problems,
many of which limited the nature of instruction in areas like science. Data supporting
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ideal science education facilities were conspicuously absent from the literature of
the profession, and what did exist was dated and impractical. The team first solicited
a brief, coherent summary of the physical requirements of good science classrooms
and then moved to support a new publication and professional development package
that would bring together best practice in architecture and school construction. This
publication is expected from NSTA in 1999.

The Pathways appendix addressing science facilities and the NSTA Facilities Book
that would follow are good examples of the difference between the project’s ap-
proach to professional development and advocacy and that common to previous
projects. Classroom teachers cite physical plant limitations as the single greatest
barrier to reform within their schools. Inquiry, however desirable, becomes impos-
sible or unsafe within crowded, ill-equipped, unventilated classrooms. Pathways would
not stop at simply recommending good facilities, but would provide a vital tool for
advocacy by science teachers by succinctly defining the space, ventilation, storage,
and schedules that must be present for progress to occur. Secondary students would
need a minimum of 60 square feet in a laboratory facility (up from the current 15 or
10, due to both the new equipment standards and the greater size of today’s teens).
Ventilation should exceed 20 cubic feet/minute. Large deep sinks with hot and cold
water would be required in all science programs, along with deep shelving and lock-

able cabinets. Fire and earthquake protection should be built
Path ways would not in, and all facilities should be accessible to all students (Ap-
stop at simply | pendix C, Texley & Wild, 1996). Written as such a guide,
. the facilities appendix and the publication that would fol-
recommendmg low become not only tools but al f iti
y tools but also a source of ammunition
good faci lities, but | for the new teacher-advocate.

would provide a Pathways publications are an essential but very basic first
step toward implementation of the National Standards. As
their goals, approach, and unique voice reach the classroom
advocacy by | teachers of the United States, the need for followup support
science teachers by in many areas becomes more apparent. The revised Program
Evaluation Modules and the Facilities Book are two ex-
amples of responses to the initiative. It is also clear that in
the space, order to fulfill the promise of teacher advocacy, short but
ventilation, stora ge, very practical professional development efforts will have to
and schedules that be develope.d which speak directly to administrators and par-
ent groups in language they can understand. School board
must be present for programs may also follow. At the same time, a natural out-
progress to occur. growth for teachers will be program-specific projects which
take existing curricular materials and help staff make the

necessary alterations to bring those programs closer to the vision of the standards.
Pathways is, therefore, not only a project but also a unique, grassroots approach
to professional development generated by teachers themselves through the voice of
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their NSTA affiliation as a response to the vision of the NSES. With the enthusiasm
which characterizes the most highly motivated of their students, teachers have an-
swered the role call of the National Academy with a spirited: “Yes, we are here...and
ready to move forward from our own classrooms on our individual pathway to the
standards.”
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The National Science Education Standards (National Research Council, 1996,
herein called the Standards) represent both an accomplishment of and chal-
lenge to the science teaching community. On one hand, they encourage the integration
of content through unifying concepts and processes, articulate classroom practices that
accurately portray the nature and history of science, and sustain efforts to provide
equitable science education for all students. On the other hand, the Standards ask teachers
to implement teaching practices that they have had limited opportunities to experience.
How can teachers move from tried-and-true practices of “teaching as telling” to “teacher
as guide and facilitator?”” How can teachers make explicit content connections for
students that are personally unclear? How can teachers create communities of learners
when they lead professional lives in isolated classrooms? One answer exists in the
opportunities teachers have to continue to learn, grow, and develop throughout their
professional careers. The Standards clearly provide a direction and goal for this profes-
sional development.

What does it mean to develop professionally? Defining teaching as a profession
implies that, similar to other professions, it is a complex activity guided by a knowl-
edge base that has evolved through formal research and personal classroom experi-
ence. As a professional, a teacher is both a user and creator of knowledge when
making planned and spontaneous instructional decisions (Fueyo & Koorland, 1997).
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Development implies change: Obviously, everyone changes during his or her
career, but development is “drawn from that subclass of changes that are desirable
and positive in quality as opposed to negative. Thus increases in ability, skill, power,
strength, wisdom, insight, virtue, happiness, and so forth would certainly qualify as
development” (Jackson, 1992, p. 62). Professional development, then, includes op-
portunities for continuous skill and knowledge acquisition in an effort to create ef-
fective learning opportunities for students. Development, however, is personal and
can be only stimulated by, but not forced through, outside agents (Clark, 1992;
McLaughlin, 1990). As science teachers select development goals, the Standards
can provide a source of external stimulus and direction for continuing professional
growth.

This chapter provides an overview of what is known about the professional knowl-
edge base needed to implement the Standards and the ways that teachers acquire and
use this knowledge to impact teaching practices across their career. This chapter

concludes with the identification of characteristics that are
Professional | common to successful professional development programs
and the implications of professional development for sci-

development ence education reform.

includes

opportunities for | Professional Knowledge and Teaching Practices
that Support the Standards
The Standards set clear expectations for student learning: stu-
knowl edge dents should have a firm and integrated understanding of the
acquisition in an | underlying concepts and processes of science, as well as a
grasp of the nature and structure of the discipline. Past educa-
tional practices, however, have not always been successful in
effective learni ng delivering these student outcomes. Fortunately, research has
opportunities for | revealed teaching strategies that support these goals and
complement the teaching strategies outlined in the Standards.
Such practices include using inquiry-oriented and problem
solving lessons, active student participation, and frequent
teacher-student interactions; creating social environments where risk is supported and
where there is open discussion and use of student ideas; implementing lessons that
provide an accurate portrayal of disciplinary knowledge, nature, and structure; recog-
nizing and challenging student misconceptions; and using alternative representations
or discrepant events to facilitate student learning (Gess-Newsome, 1999; Hollon, Roth,
& Anderson, 1991; Lederman, 1992; Smith & Neale, 1991). To incorporate instruc-
tional strategies of this nature, teachers will need well-developed knowledge of both
pedagogy and content. The challenge of science education reform then is to assist
teachers in moving from current teaching practices to those identified above.
Instructional practice is based in teacher knowledge and belief. Early public school
memories shape teachers’ views about what it means to learn and the best ways to
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organize and represent content for teaching. Often the lessons learned include “teach-
ing is telling,” “to learn is to memorize,” and “content is disconnected” (Ball, 1990;
Gess-Newsome & Lederman, 1993). University science classrooms often reinforce
these early lessons. As a result, most secondary teachers enter the classroom confi-
dent in their subject matter knowledge (Brookhart & Freeman, 1992), though the
fragmented, superficial, and disconnected nature of their knowledge limits their ability
to teach in the manner specified by the Standards (Ball, 1990; Gess-Newsome, 1999).
Early efforts to learn content are often suppressed by the overwhelming task of es-
tablishing classroom routines and navigating the choppy waters of classroom in-
struction and student interaction. Thus, teaching experiences assist new science teach-
ers in gaining general pedagogical skills but rarely help them integrate and deepen
the limited subject matter knowledge they possess.

There are several unfortunate consequences of superficial content understanding.
First, teachers resort to teaching as they were taught, emphasizing the memorization
of isolated facts and algorithms. Second, fragmented knowledge limits a teacher’s
ability to teach in creative and innovative manners—making them pedagogical pris-
oners of their own poor content understanding—afraid to introduce lessons that may
encourage students to move beyond the realm of the teacher’s knowledge. Finally,
limited subject matter knowledge results in an overreliance on the textbook rather
than student understanding as the basis for lesson planning,
the dominance of lower level questions and rule-constrained Instructional
classroom activities, limited use of student questions or com-
ments in classroom discourse, limited development of con-
ceptual connections, and the misrepresentation of the na- teacher knOWIedge
ture and structure of the discipline (Carlsen, 1991; Dobey & and belief.

Schafer, 1984; Gess-Newsome, 1999; Mosenthal & Ball,
1992; Talbert, McLaughlin, & Rowan, 1993). These classroom practices are in direct
contrast to those recommended by the Standards.

Early career classroom trial and error eventually gives way to mid-career mastery
of classroom routines, increased content understanding, and refinement and person-
alization of the curriculum and instructional repertoire (Huberman, 1992). Teachers
in this stage have achieved a level of self-acceptance and teaching confidence that
places them in an ideal position to take on new challenges. Though teachers in mid-
career vacillate between periods of positive action and emotion (i.e., experimenta-
tion, excitement, and serenity) and periods of self-doubt, career questioning, and
innovation resistance, professional development can make the difference between
lingering in positive or negative career stages (Huberman, 1992). It is during this
midcareer stage that teachers are most likely to possess the skills, knowledge, and
classroom practices identified with exemplary practice.

In terms of science education reform, the intersection of a teacher’s understand-
ing of content and pedagogy directly impacts classroom practice. Inservice efforts
to help motivated midcareer teachers adopt constructivist classroom practices make
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it clear that without adequate content knowledge, changes in pedagogical practices
cannot be sustained. And it is not only the amount of knowledge that is important,
but the manner in which it is organized (Knapp, 1997; Hollon et al., 1991; Smith &
Neale, 1991). Therefore, in order to support the professional development of sci-
ence teachers, changes in beliefs and knowledge about content and pedagogy are
needed.

Characteristics of Successful Professional Development

The portrait of teacher knowledge, practice, and development presented in the pre-
ceding section creates a backdrop on which one can position the elements of suc-
cessful professional development programs. The characteristics outlined below are
among those that appear consistently in the literature and positively impact teachers’
professional development efforts.

Effective Professional Development Includes Sustained Support
Perry (1975) is cited as asking the question: “If development is so good, why doesn’t
everyone just grow?” (Sprinthall, Reiman, & Thies-Sprinthall, 1996, p. 693). A rea-
sonable question, with an equally reasonable answer. Change is exhilarating, pro-
viding feelings of empowerment and personal efficacy. But
The intersection of | development and growth are also difficult processes, fraught
a teacher’s with cognitive che}llenges, requiring .the restructuripg of
i knowledge and beliefs. Change often involves choosing to
understandi ng of relinquish safe and familiar practices for the new and uncer-
content and tain. Therefore, change efforts need sustained cognitive and

. emotional support if they are to succeed.
_p edagogy dlreCt/y What constitutes sustained support? While it is clear that
impacts classroom single-day workshops are too short and fragmented and have
practice, limited follow-through (Bullough, Kauchak, Crow, Hobbs,
& Stokes, 1997; McLaughlin, 1990), how long professional
support tor change should last is unclear. While some researchers have suggested a
two-year period of support (Gibbons, Kimmel, & O’Shea, 1997; Reys, B., Reys, R.,
Barnes, Beem, & Papick, 1997), it seems that if a lifetime of development is ex-
pected, a career lifetime of professional support must be provided. At minimum,
teachers need support while confronting the personal challenges associated with
change until they move into the reward stage of personal classroom reform (Hollon
et al., 1991; Smith & Neale, 1991).

What constitutes support? Though the following list is not exhaustive and does
not take into consideration individual or site-specific needs, it provides a general
orientation to forms of support often mentioned in the literature: leadership that nur-
tures individual development, a limited number of course preparations, opportuni-
ties to modify classroom practices in low-stakes settings, a chance of achieving sig-
nificant student outcomes, regular feedback about teaching performance, access to
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collegial expertise and external stimulation, time, and opportunities to be involved
with a critical mass of others who support change (Adams & Krockover, 1997; Gess-
Newsome & Lederman, 1995; Knapp, 1997; Huberman, 1992; McLaughlin, 1990).

Effective Professional Development Is Designed by and for Individuals

Because each teacher is unique, designing a single professional development pro-
gram for all teachers is unrealistic (Clark, 1992). For professional development to be
effective, it must meet the perceived needs of individuals at their career stage. Early
career teachers can benefit most from assistance in classroom management, design-
ing subject-specific lessons, establishing conceptual connections within and across
lessons, using student comments and questions, monitoring student understanding,
and meeting the needs of individual students (Gess-Newsome, 1999; Reynolds, 1992).
Opportunities for professional renewal at the midcareer stage may include shifting
roles (i.e., mentor, peer coach, department leadership) or designing classroom ex-
periments in an effort to develop more effective instructional

practices (Huberman, 1992: Sprinthall et al., 1996). Teach- | Change often

ers late in their careers, while less likely candidates for new involves Choosing
innovations, can be excellent resources for imparting the
wisdom of practice developed over a career. Allowing teach- .
ers to select the content of and path to their own profes- and familiar
sional development is, therefore, a critical component of practices for the
successful support programs.

to relinquish safe

new and uncertain.

Effective Professional Development Is Connected to

Classroom Practice

Policy statements, such as those found in the Standards and state curricula, are im-
portant for large-scale decision making but have limited interest for individual teachers
as they plan for classroom instruction (Cohen, 1995). Issues that are relevant to teach-
ers include the more immediate concerns of classroom life, such as students, issues
of instruction, and working with colleagues (Clark & Peterson, 1986; McLaughlin,
1990), while working with students from differing ability and motivation groups is
cited as the greatest continuing challenge for teachers across their career (Huberman,
1992). In fact, increased student learning constitutes the single largest motivator of
change in classroom practices (Sprinthall et al., 1996).

When assessing available sources of professional learning, teachers consistently
rank learning from their own classroom as the most important, while learning from
outside experts rates as the least important (Smylie, 1989). Professional develop-
ment, then, should work from the concerns, interests, and motivations of teachers.
Professional development programs that are clearly connected to the classroom, that
model appropriate classroom teaching practices, and that result in significant in-
creases of student learning will clearly be more effective than those that do not (Reys
et al., 1997; Thiessen, 1992). Studying and learning from one’s classroom experi-
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Professional ence, in turn, adds to the context-specific professional knowl-
p p
deve/opm ent edge valued by teachers and directly improves classroom
practice—the ultimate site of reform efforts.
programs that are

C/ear/y connected to Effective Professional Development Helps Teachers
the C/assroom, Learn Science Content in New Ways
. How teachers understand their content has obvious implica-
model appropriate tions for how they teach. One challenge presented by reform
classroom teachin g efforts is to help teachers move beyond the fragmented knowl-
pra ctices, an d result edge they. possess to the deep, connecte.d.knowledge .requlre'd
L for teaching for understanding. In addition to learning their
In sign ificant content in new ways, teachers also need to experience the
increases of student process of learning from activities that are based on integrated
learnin g w ill clear /y content and process understandings. The use of content learn-
. ing and hands-on experiences similar to those intended for
be more effective students results in increased teacher content confidence and
than those that | pedagogical understanding (Radford, 1998). Learning from
do not. exemplary science lessons that include the time to develop
connections among science ideas through discourse with peers
fosters changes in content knowledge, pedagogical practices,
and beliefs in what it means to know and learn science. As a result, learning science as
it should be taught gives teachers the opportunity to reorganize and refine their content
understandings that support teaching practices outlined by the Standards.

Effective Professional Development Challenges Pedagogical Beliefs and
Practices

Some experienced teachers, through years of effort, master many of the teaching
practices outlined by the Standards while others do not. Why? Though teaching ex-
perience is a critical aspect of learning to teach, changes in classroom practice often
must be accompanied by changes in beliefs (Reynolds, 1992). Teachers’ beliefs about
student learning, their lack of confidence in subject matter understanding, or their
perceptions of the potential pedagogical challenges of reform will foil attempts to
implement new curriculum or significantly change classroom practice (Cronin-Jones,
1991). Professional development then involves the examination of pedagogical be-
liefs and practices for compatibility and usefulness. Core beliefs need to be retained
and reinforced while inconsistent beliefs need to be modified or discarded in order to
allow for the adoption of new teaching practices.

It has been traditionally assumed that changes in instructional practice must be
preceded by changes in belief. Recent findings, however, suggest that when teachers
are encouraged to try innovative lessons that result in increased student understand-
ing, they often will modify their beliefs after the fact (Guskey, 1986; McLaughlin,
1990). Therefore, imitating practices that model the ideals of science education re-
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form may encourage teachers to adopt reform practices when they see improved
student learning. However, the adoption of isolated practices may also result in piece-
meal instructional practices, threatening curricular coherence and subverting reform
efforts (Knapp, 1997). The complex relationship between teacher belief and instruc-
tional practice needs to be further clarified by research.

Tools for reflection often act as the conduit between classroom practice and re-
search. Formal reflection activities, such as action research, can assist teachers in gath-
ering data concerning the effectiveness of instruction and direct future development
efforts (Henson, 1996). Informal reflection, such as recording teaching beliefs or con-
tent knowledge structures, makes explicit what teachers know and allows for the evalu-
ation of the congruence between beliefs, knowledge, and instructional practice. Pro-
fessional development activities should provide teachers with a variety of tools for
reflection so that they can be drawn upon as needed throughout their careers.

Effective Professional Development Promotes Incremental Change

Teachers who are ultimately the most satisfied with their careers assume responsibil-
ity for student learning and engage in classroom-based experiments aimed at im-
proving their practice (Huberman, 1992; Louis, Marks, & Kruse, 1996). In contrast,
those teachers who are heavily involved in school or districtwide reform experience
less career satisfaction. Although fundamental or large-scale change is often needed
for systemwide reform, it is less likely to be sustained or achieved than incremental
change. This finding suggests that professional development efforts should help fos-
ter incremental classroom-based change: Teachers can make important changes to
some aspects of their teaching without a complete abandonment of their instruc-
tional repertoire. The affective advantage of incremental change is the retention of
effective existing practices, the maintenance of a sense of pedagogical security, and
the increased potential of positively impacting student learning (Knapp, 1997;
McLaughlin, 1990).

Effective Professional Development Provides for Collaboration

Teachers face an interesting dichotomy. Though they appreciate and see the advan-
tages of opportunities to work together in professional communities {Bullough et al.,
1997), the nature of the teaching profession offers few opportunities to collaborate in
meaningful ways (Raymond, Butts, & Townsend, 1992). Even while many teachers
desire to work collaboratively, they have few concrete ideas on how to reach this
goal (Book, 1996). Additionally, schools are rarely composed of only one teaching
culture. In fact, departmental cultures within a secondary school are more varied in
pedagogical beliefs and content conceptions than are science departments across
school settings (Grossman & Stodolsky. 1995; Siskin, 1994). As a result, despite
many attempts to incorporate school- or systemwide change, research has repeatedly
shown that change occurs either individually or, at best, in small pockets within
schools (Bullough, et al., 1997). In general, efforts to encourage professional devel-
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opment are best aimed at individuals, but when collaboration efforts are needed or
desired, professional networks (such as state, local, and national chapters of the Na-
tional Science Teachers Association) may offer a promising avenue for creating a
critical mass of teachers who can support and encourage one another in their change
efforts (Knapp, 97; Talbert, et al., 1993).

Even while many Implications of Professional Development for
teachers desire to | Science Education Reform
work colla borat,'ver/ In the past, the public blamed teachers for many of the per-
ceived shortcomings of the educational system. Staff devel-
opers introduced teacher-proof curricula and training in edu-
concrete ideas on cational innovations to passive teaching audiences only to
how to reach this have the materials disregarded or substantially modified.
Today, teachers are recognized as the core of reform efforts,
for without a change in individual teaching practice there
can be no change in education nationally (Cohen, 1995).
The Standards acknowledged this view by characterizing teachers as reflective prac-
titioners, producers of knowledge, members of a collegial profession, and both the
sources and facilitators of change. Repeated examinations of restructuring efforts
have produced similar results. Though change efforts introduced from the top down
or by outside sources stimulate change, changes that are not championed by indi-
vidual teachers and implemented within the confines of their own classroom rarely
succeed (Cohen, 1995; McLaughlin, 1990; Sprinthall et al., 1996). Therefore, help-
ing teachers design or select their own programs of professional development repre-
sents the greatest hope of reaching the teaching practices idealized in the Standards.
Professional development efforts should connect to classroom practice, help teach-
ers learn their content in new ways, challenge pedagogical beliefs and practices,
promote incremental change, provide for collaboration, and exist in a climate of
sustained support. Despite this conclusion, it is critical that larger efforts to assist
teachers in their professional development continue (Cohen, 1995). As stated in the
Standards: “Teachers are central to education, but they must not be placed in a posi-
tion of being solely responsible for reform. Teachers will need to work within a
collegial, organizational, and policy context that is supportive of good science teach-
ing (NRC, 1996, p. 27).”

they have few

goal.
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BS in life science and middle level science education from the University of Minnesota, and a BA
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The theory of systemic reform rests on some assumptions that should be exam
ined and tested. First, systemic reform seeks greater coherence, an alignment of
policies, but the education system is fragmented by design—350 states, 15,000 districts,
countless other agencies impacting the schools—and this fragmentation is intended to
permit variation. The agencies of government responsible for the schools are divided
from each other by the federal structure and by the separation of powers. They are
further divided by powerful traditions of local control and parental rights. On top of
that, within any given jurisdiction there are a variety of stakeholders each with their
own views about standards, assessment, locus of authority, etc. (Corcoran, 1997).

The Systemic Initiatives and Professional Development

In 1990, the Education and Human Resource Directorate of the National Science
Foundation (NSF) began a new program intended to systemically reform science
and mathematics education. Building upon a bipartisan acceptance of national goals
and standards, NSF first invited states (Statewide Systemic Initiatives—SSIs), then
cities (Urban Systemic Initiatives—USIs), and finally culturally or geographically
similar rural areas (Rural Systemic Initiatives—RSIs), to submit proposals address-
ing both the policies and the practices of science and mathematics education from
kindergarten through college. The systemic initiatives (SIs) differed from other NSF
programs and projects in that they were longer (five years possible) and larger
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($2-3 million/year). Most importantly, they differed in the way in which they were
managed—that is, awards were made through annual cooperative agreements with
NSF, rather than through grants. Therefore, these initiatives have been closely moni-
tored and assessed both internally (to document progress for each renewal) and ex-
ternally (to assess the efficacy of the program in improving the teaching and learning
of science and mathematics for all students). In this chapter, we explore what has
been learned from a national perspective (based upon the more complete assessment
of the state initiatives) and from one state that has invested heavily in professional
development and in assessing the progress of its SSI, three USIs, and one RSI.

Although researchers have defined systemic reform as reform that is focused in
two arenas—i(a) creating new policy instruments to enact systemic reform and (b)
reducing impediments to systemic reform (inherited tangles of regulation, bureau-
cracy, and policy) (Cohen, 1995; Smith & O’Day, 1993)—NSF has articulated a
vision that goes beyond policy to embrace practice. The Foundation has defined
systemic reform in the following way:

“Systemic reform” is a process of educational reform based on the premise that
achieving excellence and equity requires alignment of critical activities and com-
ponents. It involves a change in infrastructure as well as outcomes. Central ele-
ments include: (a) high standards for learning expected from all students; (b)
alignment among all the parts of the system—policies, practices, and account-
ability mechanisms; (c) a change in governance that includes greater school site
[flexibility; (d) greater involvement of the public and the community; (e) a closer
link between formal and informal learning experiences; (f) enhanced attention to
professional development; and (g) increased articulation between the precollege
and postsecondary educational institutions (NSF, 1996, p. 5).

Generally, only in their later years have the SIs addressed policy (points b and ¢ above).
Most SIs began with the reform of practice, specifically, by focusing on changing
science and mathematics teaching through teacher professional development (point f
above). The professional development programs, established by the 24 states and the
Commonwealth of Puerto Rico, focused on one or more of the following activities.

1. Human resource development through summer institutes, academic-year follow-
up and support, brief seminars, workshops and/or conferences, leadership train-
ing, curriculum development, and dissemination of existing standards-based cur-
riculum.

2. System capacity building through demonstration sites, partnerships and infrastruc-
ture development, and Internet and/or telecommunication support.

3. Some combination of system capacity building and human resource development
(Shields, Corcoran, & Zucker, 1994; Corcoran, Shields, & Zucker, 1998).
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Indeed, professional development for teachers was the primary strategy for re-
form in 18 states and a secondary strategy in the remaining seven initiatives. The
various components of professional development, listed above, were used in differ-
ent combinations in each state. In Ohio, the SSI focused on system capacity and
human resource development by building a regional infrastructure to provide con-
tinuous support for teachers who had completed a six-week summer institute in sci-
ence or mathematics that was followed by a series of six academic-year seminars on
pedagogy, assessment, and equity.

The SlIs and Research and Evaluation

Initially, NSF funded external agencies to both monitor (describe the process of re-
form) and assess the progress (describe measurable outcomes) of the SSIs. As a
result of the early descriptions and evaluations, NSF identified components that drive
systemic reform and requested grantees to assess progress against them. The compo-
nents, called drivers, included (a) implementation of comprehensive, standards-based
curricula, instruction, and assessment in every classroom, laboratory, or other learn-
ing experience; (b) development of a coherent, consistent set of policies that sup-
ports high quality science and mathematics education for all students, continuing
education for all teachers of science and mathematics, and administrative support;
(c) convergence of all resources used to support science and mathematics education
into a unitary program to upgrade science and mathematics education for all stu-
dents; (d) collaboration and broad-based support from parents, policymakers, insti-
tutions of higher education, business and industry, foundations, and other segments
of the community; (e) accumulation of a broad and deep array of evidence that the
program is enhancing student achievement; and (f) improvement in the achievement
of all students, including those historically underserved. In a measurement sense, the
drivers served as indicators of progress toward reform. Therefore, annually each SI
provided concrete evidence that it was addressing successfully each driver.

In addition, many initiatives have conducted comprehensive research and evalu-
ation studies on elements and programs specific to their reform. Because Ohio’s SI
was based on a design/research/redesign model, it has used evaluation in both a
formative (redirecting programs, reallocating funds, etc.) and summative (identify-
ing and reporting outcomes) sense. Through this process, it has learned not only
what was working, but what was not, and why. Further, it has been able to gamer
public support to continue the reform beyond its period of NSF funding.

Briefly, during the last seven years, assessments of the SSIs across states and
within one state indicate the following:

& Most states, including Ohio, have directed the majority of their NSF dollars to-
ward the professional development of teachers of science and mathematics.

& Many states, including Ohio, have built new, or strengthened the existing, educa-
tional infrastructure, resulting in regionalization of services and support.
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o Only three states have stressed curriculum development, because of the time and
effort needed to produce research-validated materials. Other states, including Ohio,
have chosen to disseminate information about curricula.

o All states have allocated the least amount of energy and dollars to postsecondary
education with little attention paid to preservice teacher education across the states,
including Ohio.

o All states concur with the goal of promoting conceptual understanding and prob-
lem solving in the teaching and learning of science and mathematics. This goal is
the cornerstone of the reform in Ohio. Most states, including Ohio, have em-
barked on aligning state-level policies with the goals of systemic reform; few
states have addressed policy alignment at the local level (Kahle, 1996).

As reform in Ohio has expanded to include multiple local, state, and national initiatives,
its SSI needed to build upon what had been learned both nationally and within the state.
Therefore, for the past five years, progress has been assessed and reported annually (Kahle,
1997). From a researcher’s perspective, the issues faced in designing a multilayer study,
in assessing multiple components of a complex system, in comparing responses and
achievement scores from cohorts of students, teachers, and principals, and in assigning
attribution are the core of research issues facing long-term, multifaceted reforms.

A Researcher’s Perspective: Foibles and Follies in the Evaluation of
Systemic Reform

The underlying assumption...is that systemic reform is a proven strategy and
that we know how to do it, and therefore the only important question is “are
they doing it right?” (Corcoran, 1997)

As the above quote suggests, the issues surrounding any assessment of systemic
reform are complicated, because researchers are trying to learn how to do systemic
reform while simultaneously learning how to evaluate it. From a researcher’s per-
spective, the first hurdle is the development of the necessary skills and strategies to
do large-scale assessments across a period of time.

What have we learned about evaluating systemic reform through the assessment
of Ohio SSI? First, simply obtaining reliable and valid data across a state, urban
district, or large geographical region (Appalachia or Native American reservations,
for example) is complex. We have had to carefully weigh quality of data needed
against cost of obtaining the data. Therefore, data on school climates or classroom
practices are mainly collected by questionnaires, because observations of schools
and classes are too expensive and labor-intensive to collect samples that are repre-
sentative of the systemic reform. But data such as the kind collected by question-
naires is subject to self-report bias. We have attempted to deal with these problems in
Ohio by developing a multilevel, nested research design in which smaller subsets of
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the large random sample of principals and teachers who respond to our surveys are
observed and interviewed. Second, by asking multiple audiences (principals, teach-
ers, students, and parents) to respond to similar questions, each group’s response can
be validated, and we can partially control for the bias inherent in self-reported data.

Research and evaluation issues become even more complex with student out-
come data. In many states and districts, privacy laws protect individual teacher and
student data. In addition, scores on high-stake tests (e.g., the Ohio Proficiency Test,
which must be passed for high school graduation) are re-
ported publicly only by pass/fail, not by mean score, limit-
ing their usefulness in documenting student improvement surrounding any
across years. Further, there is considerable argument about assessment of
the appropriateness of existing standardized tests. Ohio’s SSI
developed its own tests in order to assess student ability to
interpret, analyze, and synthesize scientific and mathemati- Comp/icated,
cal information. Then, test validity and reliability had to be because researchers
established. Although these carefully designed paper-and- .
pencil tests provided a very useful measure of student are trying to learn
achievement, several different types of achievement mea- | how to do systemic
sures may be necessary to assess all students fairly. There- reform while
fore, in 1998, student learning was assessed in selected .
schools using the Third International Mathematics and Sci- 5/mu/taneou5/y
ence Study’s (TIMSS) performance tasks?®. In addition, mul- learni ng how to
tiple-choice versions of selected TIMSS’ tasks were added evaluate it.
to the SSI's written test. Initial analysis of the data suggests
that paper-and-pencil tasks alone inadequately measure student understanding, par-
ticularly the understanding of urban, African American students (Harmon, 1991; Kelly
& Kabhle, 1999). However, expense, as well as unresolved technical problems in both
delivery and scoring, limit the use of performance assessments in large-scale re-
forms. The same issues affect the use of portfolios and journals.

Another concern is collecting, analyzing, and reporting data by disaggregated groups.
Currently, reports from large national and international databases (National Assess-
ment of Educational Progress—NAEP, TIMSS, and the National Educational Longitu-
dinal Study, 1988—NELS-88) report results by either race or sex. One cannot find
information about how African American girls achieve in science in comparison to
Latinas, for example. The issue of disaggregated data in research and evaluation of
systemic reform is so critical that NSF has published a Brief to guide researchers and/
or evaluators of systemic reform in the collection and use of disaggregated data (NSF,
no date). It advises, at a minimum, that disaggregating the following kinds of data is
necessary in order to assess student participation and performance:

The issues

systemic reform are

« enrollment in specific courses, such as algebra and physics;
« successful completion (grade of C or better) of specific courses;
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& participation in special programs, such as gifted and talented classes, special edu-
cation classes, honor societies, and internships; and

o performance on standardized assessments, including criterion-referenced tests,
performance assessments, portfolios, and norm-referenced tests (p. 9).

Psychometricians have also identified a variety of issues that affect evaluation and

research about systemic reform. For example, in order to compare scores of cohorts

of students, tests and questionnaires must include items that

are identical across years (Boone, 1998). Likewise, research-

per, p/exing pr oblems ers must take into account experiences among students in

that a researcher different educational settings when comparing student

. . achievement. Webb (1998) proposed the use of conditional
involved with e : . .

metrics in evaluating students involved in larg-scale reforms.

systemic reform has Further, Boone’s (1998) analysis of nonresponse patterns

to face is the on a science achievement test by sex and race suggests that

dual | f sophisticated statistics, such as item response theory, should

graaual loss or any be used in order to estimate a student’s true achievement

control group. level. In addition, Witte (1996) suggests that trend data, data

that acknowledge the long-term aspect of systemic reform

and that provide accurate estimates of achievement growth, are particularly needed.

However, from a researcher’s perspective, the most serious concern in research and
evaluation of systemic reform is attribution. Policymakers and funding agencies want
to know what is working and why, yet assigning attribution to any one part of a com-
plex system is difficult at best. Although differences in teaching practices were identi-
fied between teachers who had, and who had not, participated in the SSI's professional
development in Ohio, those differences could not be directly attributed to the SSI's
intervention strategies (six-week summer content courses, followed by seminars in
pedagogy, assessment, and equity). Other things were going on in the state and in the
schools. Students varied from year to year. Or, perhaps, in spite of efforts to develop a
matched-pair research design, SSI teachers were fundamentally different from non-
SSI teachers. In any case, well-designed, longitudinal, cross-jurisdictional studies are
needed to evaluate complex systems and to assign attribution to any one part of the
system (Corcoran, 1997), and these designs are just beginning to emerge.

One of the most perplexing problems that a researcher involved with systemic
reform has to face is the gradual loss of any control group. If the reform is systemic
(and working), participants infect their colleagues with their enthusiasm and ideas.
Redesign is constant to cope with the changing nature of the sample. In Ohio, we
have stopped trying to compare teachers who have had the SSI's professional devel-
opment with those who have not. With multiple state and local reform projects, as
well as one SSI, three USIs, and one RSI, we are primarily trying to document and
understand change.

One of the most
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What We Have Learned

Corcoran, Shields, and Zucker (1998) provided a national snapshot of what has been
learned from the SSIs concerning teacher professional development, while Ohio’s
research and evaluation provides a detailed portrait of one state’s reform. Nationally,
the SSIs invested heavily in professional development. Professional development
was the single largest category of expenditures across the SSIs, averaging about a
third of all of the SSI dollars expended. The national reasons for this investment
were mirrored in Ohio. They included (a) the inadequate preparation of elementary
and middle school teachers in science and mathematics; (b)

the poor quality of professional development offered by lo- In Ohio, we have
cal districts, usually through their Eisenh(?wer programs; (c) stopped trying to
the need to change the culture of professional development

(e.g., teacher demand for high quality programs); (d) the compare teachers
need to provide high-profile, successful programs that would who have had the
help “sell” the reform; and (e) the experience and expertise SSI's profess ional
of many SSI leaders and staff in the design and delivery of .
professional development, making this a comfortable ap- development with
proach to reform (Corcoran, Shields, & Zucker, 1998). All those who have not.
of these were factors in Ohio, with equity as an additional

factor. Ohio’s SSI initially focused on the professional development of middle school
teachers, not only because of content weakness at that level, but also because it
wanted to involve teachers at grade levels where all children are enrolled in similar
mathematics and science courses (e.g., grades four through nine).

The goal of Ohio’s SSI was not only to change teaching practice but also to affect
student outcomes. It invested heavily (and wisely) in formative evaluation, and the
findings indicated the need for redesign of its professional development programs in
several areas. First, in order to reach more teachers, shorter, but rigorous, content
courses introducing science and mathematics at the level to be taught were needed.
Research-validated curricula were identified and Cascade programs were developed.
SSI-trained teacher leaders and resource teachers taught the Cascade programs in
local districts. Further, the six-week institutes were moved from university cam-
puses to schools, and different formats (four weeks, three weeks for two summers,
three weeks followed by Saturday sessions during the school year) were tested. In
addition, the institutes were modified to meet the needs of elementary and high school
teachers. As Ohio’s reform moved from a teacher focus to a school focus, the SSI
introduced institutes to help principals understand how to evaluate standards-based
science and mathematics teaching.

Three years into Ohio’s reform, the SSI began to assess progress and outcomes
through summative evaluation. It used a nested research design, which yielded dif-
ferent, yet important, data at each of three levels. At the state level, questionnaires
were used with a broad random sample of teachers and administrators to provide
evidence of changes in teaching practice, in administrative support, and in teacher
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Professional | expectations. At the district level, approximately 12 schools
that were part of the larger random sample were visited an-
. nually. The observations over several days validated ques-
the si ngle lar gest tionnaire responses, as well as provided information to re-
category of design the questionnaires. In addition, student achievement
and attitudinal data were collected in the schools visited.
. Currently, intensive case studies in 5 of the 12 schools are
the SSls, averaging being conducted. The case studies focus on how systemic
about a third of all | reform works in schools that are at different stages of readi-
SSI dollars ness for reform, and they are providing information about
opportunities to learn as well as about catalysts and barriers
expended. | o reform.
We have learned that both teaching practices and student
learning have changed. In addition, we know that the changes in teaching practices

development was

expenditures across

Figure 1: Professional Development Standard D
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Reported increase in the use of reform teaching practices by SSI participants. It is convenient to
show mathematics and science results on the same axes because units are common. However,
they should not be directly compared. From “The Impact Over Time of Project Discovery on
Teachers’ Attitudes, Preparation, and Teaching Practice, Final Report,” by J. Supovitz, December
1996, Chapel Hill, NC: Horizon Research, Inc. Adapted with permission.

108



Science Teacher Professional Development

are sustained over time. Teachers were surveyed regarding the nature of their teach-
ing before they began their summer professional development and in the spring of
the following year for three years. The items reflect a range of reform practices (e.g.,
having students work in small groups, doing inquiry activities, making conjectures,
and exploring possible methods to solve a problem). As Figure 1 shows, the average
participant, in both mathematics and science, reports an increase in the use of stan-
dards-based teaching practices after participation in the SSI's professional develop-
ment programs. Further, in the second and third years after the professional develop-
ment, teachers sustain the use of the reform practices. We have learned that sustained
professional development, focused on content, affects teaching practice and that the
changes are retained.

We also addressed issues in research and evaluation by collecting student achieve-
ment data in two ways. In one study, we controlled for socio-economic level, and in
another we controlled for the “volunteer effect.””® As Tables 1 and 2 show, student
achievement data in both studies indicated improved learning by African Americans
and white students taught by teachers who had participated in the SSI’s sustained
professional development. For example, the comparisons, shown in Table 1, between
matched classes (e.g., seventh grade, general science) in the same school show that
African American girls in classes of SSI teachers scored 9 percent higher on the
science achievement test than did their peers in the classrooms of non-SSI teachers.
This study controlled for socioeconomic level by using similar classes in the same
school as its comparison groups.

Table 2, on the other hand, compares the predicted scores of students whose teach-
ers had completed the SSI professional development to those whose teachers had
applied to participate but had not yet done so. That is, all teachers were volunteers.

Table 1: Science Achievement Results for Students in Matched Classes Within

the Same Schoo!

Achievement results?

SSI Teachers Non-SSI Teachers Difference
African American
Males 44 35 9
Females 40 31 9
White
Males 60 50 10
Females 54 50 4

Note. Results are for tests given in 1995. n = 610. From “Effects of Inquiry Teaching on the
Achievement Levels of Urban Middle School Science Students by Race and Sex,” by J. B.
Kahle and A. Damnjanovic, 1998, Submitted for publication. Adapted with permission.

*Achievement results are given as percent correct.
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Table 2: Predicted Student Performance on the SSI Mathematics and Science
Achievement Tests, Controlling for Urbanicity, Concentration of Poverty,

and Grade Level, by Race and Gender (1995)

SSI Teachers  SSI Applicant Teachers  Difference

Science achievement® (n=1,144)

African American

Females 47 44 3

Males 44 41 3
White

Females 62 59 3

Males 60 56 4

Mathematics achievement® (n=1,230)

African American

Females
Males 54 47 7
54 52 2
White
Females 66 59 7
Males 66 64 2

Note. All teachers had volunteered for the SS! professional development. SSI teachers had
completed a six-week institute, while the SSI applicant teachers had not. From “Ohio’s
Project Discovery 1995 Discovery Test Student Results,” by J. Supovitz, February 1996,
Chape! Hill, North Carolina: Horizon Research, Inc. Adapted with permission.

abScience and Mathematics achievement results are given as percent correct.

The positive effect of the SSI’s institutes is suggested by the higher scores on both
the mathematics and science tests of students whose teachers had completed the
sustained professional development.

As discussed earlier, paper-and-pencil inquiry tests were developed, using 1990
and 1992 NAEP public release items. Test items focused on process, not product, be-
cause the goals of Ohio’s SSI were to increase conceptual understanding, as well as the
skills needed to interpret and use scientific and mathematical information. Using dis-
aggregated data, analyses indicated a decrease in the gender gap between boys and
girls across and within racial groups. Further, the achievement gap between African
American and white students (favoring whites) had narrowed, but it persisted. Most
recently, therefore, achievement on performance items has been compared with achieve-
ment on comparable paper-and-pencil items (all were adapted from TIMSS). Neither
test format favored girls or boys. However, in one urban school with over 80 percent
African American students, achievement scores on identical test items were higher on
the performance, compared with the paper-and-pencil, format. For example, 87 per-
cent of the urban students were able to identify patterns in data on the performance
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assessment, but only 89 percent were able to identify identical patterns using the pa-
per-and-pencil format. Similarly, 80 percent of the urban students were able to extrapo-
late information from a graph provided on a performance assessment. However, only
15 percent were able to extrapolate information from the graph provided on the paper-
and-pencil assessment. In addition, the students demonstrated skills in data collection,
presentation, and graphing while doing the performance assessment. Those skills could
not be measured with the paper and pencil test format, because the data and graph were
provided (Kelly & Kahle, 1999).

The nested research design used by Ohio’s SSI produces fairly quick information at
the survey (state) level to guide the reform and, at the district level, it provides ways
(observation and interviews) to validate the survey data. Further, it promises to eluci-
date how systemic reform affects schools at different stages of readiness through its
multiyear case studies in local schools. The nested design, extending across five years
of Ohio’s reform, provides one model for evaluating systemic reform of science and
mathematics education. Another model is the equity metric (Kahle, 1998). It suggests a
set of indicators to chart a system’s (state, district, or school) progress toward equitable
systemic reform, as well as critical times for assessing each indicator. Individually,
each indicator assesses the progress of a reform component (increased enrollment in
eighth grade algebra, for example), and collectively they track the progress of a system’s
reform. Both models address Corcoran’s (1997) call for longitudinal, cross-jurisdic-
tional studies to assess systemic reform. Although both need to be widely tested, initial
results in Ohio indicate the efficacy of both models. From a researcher’s perspective,
the elucidation of one or more models for guiding research and evaluation has been an
important step in the progress of systemic reform.

Conclusion
As discussed earlier, most of the systemic initiatives invested heavily in the profes-
sional development of teachers as their primary strategy for reforming mathematics
and science education. Ohio’s SSI selected professional development for middle school
teachers as its wedge into the educational system. By carefully evaluating program
outcomes, it was able to redesign its professional development programs in order to
reach more teachers and to address local human and system capacity building. The
SSI in Ohio relied heavily on research and evaluation to develop alternative strate-
gies and to document changes in teaching practices and in student learning. As re-
searchers involved in the evaluation, we attempted to lessen the problem of attribu-
tion by designing studies with different control groups and by adjusting the samples
to reflect the progress of the reform. In addition, by widely disseminating research
results in a very accessible way, Ohio’s SSI was able to influence policies concern-
ing teacher preparation and licensure and to garner support to continue its reform.
Further, the research indicates that the culture of teacher professional develop-
ment was affected. During the SSI, Ohio experimented with two forms of profes-
sional development: the SSI's sustained model and a regional center model that of-
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By Wide/y fered short (two- or three-day) workshops without follow-
. . . up activities. Using a random sample of over 100 schools,
dlssemmaltmg SI;I and non-SSI tegachers as well as principals, were asked
research results in'a | 1o rank 10 strategies in order of importance to improve stu-
very accessible way, dent learning in science and mathematics. Principals, whose
Ohio’s SSI was able teachers attended both models, and teachers, who experi-
) . enced both, ranked professional development sustained over
to influence pOI’C’es time significantly higher than professional development
Conceming teacher during the school day (Kahle & Boone, 1998).
preparation and Because it approached systemic reform from a
. researcher’s perspective, all of Ohio’s SSI activities were
licensure and to based on a design/research/redesign model. Both progress
garner support to and outcomes were documented by NSF’s evaluators, by
: : Ohio’s external evaluator (Horizon Research, Inc.), and by
continue its reform. the SSI itself. What have we learned, therefore, refers not
only to the information in the data collected but also to the value of research in
guiding and defining systemic reform.

Notes

' The preparation of this paper was funded in part by grants from the National Science Foundation,
Grant #REC 9602137 and Grant #OSR-92500 (J. B. Kahle, principal investigator). The opinions
expressed are those of the author and do not necessarily reflect the position of NSE.

&}

Although the original TIMSS performance assessment involved 12 tasks (assigned randomly to
samples of students), Ohio limited its test to four tasks. That decision was made in order to handle
the amount of equipment needed and to accommodate the average length of science classes in
Ohio. All tasks were taken from TIMSS’ Population Two performance assessments (seventh and
eighth graders). All Ohio personnel involved were trained by a TIMSS’ trainer. Each student com-
pleted two of the four randomly assigned performance tasks. In addition, a small number of stu-
dents were interviewed as they completed the tasks, while a few were videotaped.

Evaluators of the systemic initiatives have cautioned that almost all ot the professional develop-
ment experiences are taken by teachers who volunteer to be involved. Systemic initiatives, includ-
ing Ohio, have struggled to provide incentives to increase and diversify the pool of volunteer
teachers. However, the concern remains that volunteer teachers are exceptionally good teachers or
teachers who are ready for reform. The study of student achievement reported in Table 2, with all
volunteer teachers, suggests that the sustained professional development enhanced the eftective-
ness of teachers in the volunteer pool.
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The recently released Third International Mathematics and Science Study (TIMSS)
reports (see, for example, Beatty, 1997) on how U.S. students achieve in math-
ematics and science internationally has created the catchy phrase that American K-
12 science and mathematics education is “a mile wide and an inch deep.” Could it be
that American teacher development should also be described this way? If so, what
might effective teacher development programs look like?

Everyone easily agrees that a prospective teacher’s preparation has only started
with the completion of a licensure program. As highlighted by the National Sci-
ence Education Standards (NSES, National Research Council, 1996), becoming a
teacher is “a continuous process that stretches across the life of a teacher, from his
or her undergraduate years to the end of a professional career (p. 54).” Clearly, it is
a process, not a single event: it calls for development that is thoughtful rather than
superficial. The NSES go on to challenge all of us who work with teacher develop-
ment, noting that “professional development must include experiences that engage
prospective and practicing teachers in active learning that builds their knowledge,
understanding, and ability.”

How can liberal arts colleges better support teachers in becoming more effective
teachers? In what ways can they collaborate with schools and school districts to create
viable professional development programs that increase teachers’ knowledge and un-
derstanding of both science and pedagogy? In this chapter, the authors describe a new
program designed to provide answers to these questions and, in so doing, set forth
some general principles that others can use as guides as they implement quality science
teacher development in their communities.
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Background

Three decades ago, Colorado College (CC) ended its ofterings of masters degrees in
subject areas and embarked upon a new degree aimed directly at teachers: the master
of arts in teaching (MAT) degree. To those at CC, the advanced degrees in subject
matter seemed the purview of major universities that could adequately support such
content-specific programs. The CC faculty believed that a small liberal arts college
could best support K-12 teachers by offering degrees aimed
How can liberal arts at improving their subject matter competence while simul-
taneously addressing concerns of improved pedagogy. This
would be in keeping with CC’s mission and the expertise of
support teachers in its faculty, who concentrated on teaching as a significant
becoming more | dimension of their scholarship. Only later would this broad
definition of faculty scholarship, including the study and
refinement of teaching, be espoused by such noted educa-

tors as Boyer (1989).

The first MAT degree established was the Arts and Humanities degree for el-
ementary teachers, followed in the late 1970s by the Southwest Studies program for
K-12 teachers. Until recently, however, no degree had been established in the natu-
ral sciences. With growing concern about the quality of science teaching in our pub-
lic schools and with the willingness of a large number of natural science faculty to
contribute and share the responsibilities of operating such a degree program, the
master of arts in teaching integrated natural sciences (MAT-INS) degree was ap-
proved by the faculty in December 1993.

Faculty cannot simply create a program from the catalog of extant courses. Its
goal was to simultaneously strengthen candidates’ understanding of science con-
cepts while asking them to reflect upon their teaching philosophies and approaches
and embark on substantive changes in their classrooms. Recent literature on profes-
sional development, including NSES, created a plausible guiding framework for such
a far-reaching program. Much conceptualizing and design work was necessary. In
order to firmly establish the degree and ensure that it would become a lasting trade-
mark of CC, the authors submitted a successful proposal to the National Science
Foundation (NSF) for a four-year teacher enhancement program. This program, CC-
ISTEP, with the MAT degree embedded in it, allowed the codirectors to explore
ways to work with faculty to design and offer summer institutes. The institutes, which
integrate pedagogy with science conceptual understanding, and which are comple-
mented by supportive academic-year seminars, culminate in a master’s research project
and paper centered on the individual teacher-participant’s development into a more
effective classroom teacher of science.

In this chapter, the authors elaborate upon these successful efforts in a story we
believe can be replicated anywhere a college or university and area schools want to
work together to improve the teaching of K-16 science. Such efforts do not have to
culminate in a master’s degree; that is merely the vehicle chosen by Colorado College.

colleges better

effective teachers?
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Many of the components of CC-ISTEP, along with its overarching philosophy, must be
present to ensure lasting changes in how the clientele perceive their roles in helping K-
12 students achieve the common national goals implied by the NSES: What do we
want our students to know, understand, and be able to do in science?

Philosophical Basis of CC-ISTEP
CC-ISTEP has three goals: develop long-term collaboration among faculty and local
educators in designing and implementing theme- or issue-based teacher institutes,
improve the science backgrounds of teachers, and support teachers in implementing
new strategies in their classrooms. In light of these goals and the emerging recom-
mendations on professional development from groups like NSES, we decided that
constructivist teacher education should provide the overall guide to how the program
should be structured.

While multiple definitions, understandings, and misunderstandings of
constructivist student learning abound, we believe and suggest that teachers engaged
in constructivist learning involves their making sense of and
putting into practice effective pedagogical approaches. This

notion was first broached by one of the authors in the rec- Those of us who are

ommendations of the National Center for Improving Sci-
ence Education and almost simultaneously in another ar-
ticle on technology education and professional development
(Kuerbis & Loucks-Horsley, 1989). Those of us who are
sometimes labeled “providers” have a role in creating expe-
riences (e.g., lectures, labs, and classroom-based research
tasks) that help teachers actively inquire into how to struc-
ture K—12 classrooms and engage in instruction that helps
students come to both know and understand science. In the
CC-ISTEP model, teachers become their own sources for
growth, in this case carefully nurtured by the faculty that
comprise the CC-ISTEP program. Moreover, the components
described below provide a content structure within which
the teachers are working at making sense of teaching. Over
time, the teachers develop what Shulman (1988) calls Peda-
gogical Content Knowledge (PCK), an integration of sci-
ence content understanding and strategies that might best
help their students achieve this same knowledge and under-

sometimes labeled
“providers” have a
role in creating
experiences that
help teachers
actively inquire into
how to structure
K-12 classrooms
and engage in
instruction that
helps students come
to both know and
understand science.

standing of science. The approach that CC-ISTEP takes, where the teachers are ac-
tive learners, models active learning in science and in pedagogy and encourages the
teachers to inquire into practice by asking questions such as:

o Is this unit effectively sequenced to result in student understanding?
o Are all the students actively engaged in the learning activity that I’ve given them?
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+ Are there other ways to begin the lesson that allow me to assess students’ prior
knowledge?

This approach is a far cry from many teacher development approaches that focus
only on teaching skills or that involve teachers only in copying modeled techniques,
practicing them, and implementing them without ample reflection and examination
of the larger picture of teaching and learning. We believe that all professional devel-
opment should be guided by active learning principles that are more likely to result
in skilled teachers of science that “have special understandings and abilities that
integrate their knowledge of science content, curriculum, learning, teaching, and
students” (National Research Council, 1996, p. 62). Several important components
characterize the CC-ISTEP program.

The Components of CC-ISTEP

Given the philosophy of CC-ISTEP and the concerns of many about the need to structure
teacher development in new ways that help teachers inquire into their practice, what
features should characterize a thoughtful approach to professional development? Herein
we describe the features of CC-ISTEP and note that many of these should characterize
any viable plan by a district or university that wishes to help teachers of science improve
their teaching and, consequently, the learning of their students.

Intensive summer institutes. These run for six weeks and operate for about five
hours each day. They combine science content understanding through a theme or
issue, with an equal emphasis on the participating teachers inquiring into pedagogi-
cal practice. The latter is largely achieved through modeling of active learning and
teaching by the science and education faculty (comprising an institute’s staff) and
then asking the teachers to reflect with us on what we have been doing as teachers
and learners and why. A crucial component of the intensive summer institutes is
having the teachers experience being a science student at a level that is challenging
to them as learners. In so doing, they become aware of their own misconceptions and
struggle to reconstruct their understandings. They experience disequilibrium and learn
how to ask questions and posit explanations to move past the disequilibrium, thus
experiencing both the frustrations and joys of mastering scientific concepts.

The Summer 1997 Institute provides a good model of what all this means in prac-
tice. The institute, Plants in an Arid Landscape, was taught by a geologist, two field
biologists, and the two authors who played both pedagogical and science roles. To set
the stage for the study of plants and birds in a local park area west of the College, we
spent four days “discovering” what we could about the geology of the area and ways
that plant life was related to the geological features. Instead of lecturing on the geology
of the Pikes Peak region—a truly remarkable area—Michael Hannigan, the institute’s
geologist, began by taking us to an overlook of the Garden of the Gods and Pikes Peak
and asked us (repeatedly!), “What do you see?” We all shared our observations, and
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through our leader’s gentle, persistent questioning, began to All professional
notice features of the landscape that we had not noticed be-
fore. This was the beginning of our individual attempts to )
make sense of the scenery and to construct a story of the Gar- should be guided
den of the Gods. Anytime a teacher shared an observation or by active learn jng
used a technical term, Michael (the geologist) would stop and .
ask the teacher to, “Tell us more.” Or he would kid us that p ”nc'p_ les that are
another *“747” just flew by—telling us in a humorous way to more likel y to resu It
avoid language that was conceptually over the heads of oth- in skilled teachers
ers. Frequently, however, we found that we were using terms
without understanding the concept underlying the label—a )
probable reflection of how all of us had been taught. Indeed, have speci al

we found we knew a lot, but understood very little! Michael understandin gs and
continued to have us play with hypotheses and minitheories T

about the formation of the Garden of Gods and how to look C?bl/ltles that .
for clues among the rock formations and vegetation patterns. Integrate their
The teachers felt comfortably challenged with the assessment knowledge of
of their work, telling in various ways a story of the creation of
the Garden of the Gods, including text accounts supported )
with pictures, dioramas, time lines, and other “props” to dem- curriculum,

onstrate individual understanding and facility with a growing learnin g, teach ing,
body of conceptual labels and terms.

That geology work set the stage for how the field biology
proceeded, and teachers eagerly scouted the 100-acre hilly
site in their assigned teams. After selecting five different subareas of the main site,
teams spent nearly a week under the guidance of the biologists learning the techniques
of conducting a field study. They sampled the vegetation both on ridge tops and in
riparian zones, for example, and identified species of birds, noted their feeding and
nesting behaviors and took population counts. The study ended with a poster session
presented by the five site-based teams of teachers—modeling what might transpire at a
professional meeting. This also allowed the instructors to give feedback on the quality
of the work and to share their own “rubrics” for grading the work of the teachers.

To cement the teachers’ understanding of how to conduct a field study, we then
took the institute to a remote campus that the college maintains in Colorado’s San
Luis Valley, near Crestone, Colorado. This high desert setting provided an opportu-
nity for us to model for the teachers how once basic principles are learned, learners
must have an opportunity to apply those ideas in new setting. This four-day experi-
ence also allowed us to model “embedded” and “authentic” assessments, and in-
cluded time for a subgroup of the teachers to create and then use their own scoring
rubric for another poster session.

The last two weeks of the institute allowed us to shift the focus from science con-
tent to more study of pedagogy, though still spending some time on other areas of

development

of science that

science content,

and students.
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science content. The teachers spent time reviewing and critiquing newer curriculum
materials in light of NSES and the Benchmarks. We also looked, at their request, at
some ways to use questions effectively in the classroom. The content study was indi-
vidualized, with teachers having choices of some additional content-related areas: chem-
istry of photosynthesis or human uses of plants (dyes, health, etc.). This was also a time
in which the teachers worked alone or in small teams on a module of study that they
could implement in their classrooms the following academic year. This requirement
(of all institutes) helps teachers develop further understanding of the institute’s science
content while examining instructional approaches for helping their students construct
new understandings. This also helps them in the development of PCK.

Follow-up seminars. During the academic year, the program hosts a series of six
all-day Saturday seminars, typically three in the fall and three in the spring. These are
occasions for the teachers to share their teaching experiences, think more about peda-
gogical issues and continue the inquiry into practice that started in the summer. Several
areas provide the content focus for these meetings: classroom-based research, further
examination of constructivist models of teaching, curriculum adaptation, authentic as-
sessment and leadership development.

We have found that classroom-based research is a highly effective strategy for
helping the teachers develop as confident inquirers into pedagogy. Teachers typi-
cally pose one or more researchable questions around the modules they have de-
signed and they then implement. Many have difficulty with this because they think
that they are to research something we want researched or they fail to believe that
they are capable of conducting informal studies that might better help them make
instructional decisions. But once underway, teachers gain much information about
their teaching and develop data gathering techniques that allow possible answers to
their questions. They begin to teach from the perspective of, “I wonder if this ap-
proach or technique will impact my students and how?”” They begin to think of them-
selves as professionals who are eager to share with their colleagues the results of
their classroom research. We do this at a poster session during the summer institute
following the school year in which they conducted their classroom-based research.

The educational literature contains several examples of “constructivist teaching
models” (National Center for Improving Science Education, 1991). We introduce
these to our students early on and continually reexamine them—sometimes in how a
given institute exemplified one or more teaching models and, at other times, in how
newer curriculum materials might use a model explicitly or reflect in the sequence of
activities the use of a model (or not) by the developers. The CC-ISTEP teachers now
have a common language and comfortably talk about the SE, NCISE, Insights, or
Kuerbis IDEA2 models. The power of the models is that they represent the very
ways in which science knowledge is created—the beginning hunch, the tinkering
that follows, the proposed explanation a scientist presents to colleagues, and finally
the application of ideas that are research-based and appear sound. This 1997 Sum-
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mer Institute was particularly effective at “modeling the models™” and, therefore,

provided a convenient way to introduce the models by analyzing teaching from time-

to-time in what became known as “reflective debriefings.” We encourage the reader

to revisit the institute description and see if you can see how the institute began with

elements of “Engage and Invite” with opportunities for Michael to assess for prior

knowledge, then moved to time for “Explorations,” followed by interspersed times

for Michael and the teachers to provide “Proposed Explanations™ and finally time for

the teachers to “Take Action™ and elaborate upon their de-

veloping understandings by telling a story about the Garden Teachers who have

of the Gods. The model, repeated again in the field studies embarked on a

and the entire institute, ended with teachers proposing ex-

planations through the design of a module and then taking ‘

action in the subsequent implementation (and classroom- instruction in their

based research!) of their modules. It is important for teach- classrooms must

ers to experience the models, reflect on them, and then use .
: : also examine how

them as guides to their module development—so they see

how they can be used in a “macro” sense over longer peri- they will assess their

ods of time and also can be used in a “micro” sense for indi- students in wa VS

vidual lesson design.

Another important component of the seminar series is o
curriculum adaptation. So much has been made about cur- “constructivist
riculum adoptions and the five-to-seven year adoption cycle compa tible” yet
that districts typically experience—funds that may need to
be spent on science, for example, in any given year. Yet in meet more

p » Tor example, ye y
CC-ISTEP, we recognize that once an adoption has taken traditional district
place, the real work lies in adapting the adopted curriculum assessments.
for the local setting. The modules that our teachers create
are just that—adaptations of extant materials that they have access to in their dis-
tricts. Thus the adaptation process begins in each summer institute and continues
during the year as teachers implement those modules, seek answers to their research
questions, and discuss their findings in the seminars. Curriculum adaptation is a
significant thread throughout the entire CC-ISTEP program.

We have already demonstrated how authentic assessment was an important part
of the 1997 Institute. But our examination of alternative assessments—embedded,
authentic, portfolios—continues during the seminars. Teachers who have embarked
on a constructivist way of instruction in their classrooms must also examine how
they will assess their students in ways that are “constructivist compatible” yet meet
more traditional district assessments. Thus, we spend a considerable portion of the
seminars exploring alternative assessments, revisiting (for many) the differences
between norm- and criterion-referenced evaluation systems, and helping the teach-
ers understand what nationally normed tests tell us and what locaily developed as-
sessments (including tests) tell us about the success of their teaching. As testing

constructivist way of

that are
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becomes an important part of science teaching, this area will no doubt continue to
receive attention.

Because we cannot reach all teachers, we have designed CC-ISTEP to include a
long-term commitment on the part of the participants that includes leadership devel-
opment to prepare them to serve as teacher-leaders in their local settings. We are
finding that the components naturally help teachers serve in multiple leadership
roles. They function as examples of teachers who are successfully implementing
active learning strategies with their students. They have frequent conversations with
colleagues about teaching, about their modules, and about the findings of their re-
search. They serve on countless district and building committees, helping analyze
potential curriculum materials for adoption, designing assessments of student achieve-
ment, and creating supplemental programs for a variety of special needs students.
They are confident in their teaching, in their ability to reflect on it and improve it,
and in their ability to contribute beyond the confines of their own classrooms.

Preliminary evidence from the CC-ISTEP external evaluation, as well as the au-
thors’ informal observations of teacher-participants, lead us to suggest that districts
and universities can make their own teacher development efforts more effective if
they attend to most of these features. Teacher development is, indeed, complex and a
lifelong undertaking. Just as the American science and mathematics curriculum has
been described as a “mile wide and an inch deep,” with a focus more on procedural
knowledge (skills) than on understanding, so too can we describe most of current
science teacher development. We believe, however, that those of us in teacher devel-
opment can make that process more successful if we give ample attention to some
underlying principles of teacher development and help our teachers look at content
understanding and introduce them to pedagogical inquiry.
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But the need is clear. No number of reform documents will make a difference in
what students know and can do if teachers do not change.

At a September 24, 1998, House Science Committee hearing on science and math
education, the panel of witnesses—all educators— repeatedly emphasized the im-
portance of the professional development of teachers to any attempts at science edu-
cation reform. At this same session, Bruce Alberts, president of the National Acad-
emy of Sciences, declared that “standards-based reforms will take hold only when

the nation’s teachers of mathematics and science...are ef-
No number of fectively enacting the ideas provided by standards in each
reform documents of their individual classrooms (Testimony of Bruce Alberts,
1997).”

) ) The National Commission on Teaching and America’s
difference in what | Fuwre (1996) highlighted the important need for capable
students know and | teachers by pointing to teacher quality as the most impor-
tant determinant of student performance. As reforms based
on standards sweep the country and educators grapple with
do not change. ways to help an increasingly diverse student population re-
alize its academic and social potential, the need for knowl-

edgeable and highly skilled teachers grows.

This need was emphasized by a U.S. Department of Education Study (1998b)
that science learning is not increasing in dramatic ways, even though millions of
dollars have been spent on reform projects since 1970. Although there was a statisti-
cally significant “positive quadratic trend” for 9-, 13-, and 17-year-olds since 1970,
viewing these results in terms of the dollars invested casts doubt on the effectiveness
of the efforts to improve science teaching.

Teacher-trainers are faced with a fundamental question: If professional develop-
ment is the critical factor in promoting systemic change for practicing teachers, su-
pervisors, administrators, and ultimately the students, as suggested by the National
Science Education Standards (NRC, 1996), what model or models for professional
development will likely produce the greatest improvement?

Research and experience have demonstrated the limitations of the short-term “train-
ing” model—the one-shot workshop or “expert” lecture that transmits information
or skills to passive recipients. Increasingly, that model has yielded to a more long-
range, capacity-building approach that offers meaningful intellectual, social, and
emotional engagement with ideas, with materials, and with colleagues both in and
outside of teaching.

To ensure that all students have richer learning experiences and are enabled to
reach more challenging goals, school systems must invest in developing the capacity
of teachers to teach in ways that are effective for a range of different learners. “Without
such support for teachers, standards and standards-based assessments could ultimately
prove to have unintended harmful effects, particularly for those struggling students
who are already least well-served by the education system” (Falk & Ort, 1998, p. 59).

will make a

can do if teachers
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Many science educators across the country (e.g., Duschl & Gitomer, 1991;
Shymansky, Henriques, Chidsey, Dunkase, Jorgensen, & Yore, 1997; Pizzini, 1998)
have explored the available choices. Considerable investments have been made in
resources and creativity to design and implement teacher professional development
that would result in sustained change. The Regional Improvement of the Standards
in Education (RISE) and Parents, Activities, and Literature in Science (PALS) projects
have pushed train-the-trainer models to their limits and have achieved some success
in introducing change and in guiding teachers in implementing change. These projects
have yet to demonstrate ongoing influence. Duschl and Gitomer (1991) persuasively
argued that shift in the school culture is a necessary component for sustaining en-
hanced teaching and learning.

Shifting to which professional development model(s) for teachers would work best?

This question challenged me to experiment with using assessment design to bring about
change in teachers training that, in turn, would result in students achieving at higher
levels. Gerald Wheeler, director of the National Science Teachers Association (NSTA),

said: “Teachers are the key to any changes in education.” He

then identified three barriers to reform: lack of time for teach- School systems must
ers to plan effective use of the standards, isolation from the invest in develop ing
plans and ideas of other teachers, and lack of resources and .
professional development opportunities that would help them the capacity of
implement the standards (Testimony of Gerald Wheeler, 1997). teachers to teach in
Professional development that focused on assessment, it oc- ways that are

curred to me, could get over these barriers. It could convince .
teachers of the value of change, support them in their imple- effective for a r ange
mentation of change, and engage them in ongoing critical re- of different learners.
finement of change as knowledge about student needs and

about teaching and learning evolves.

Through projects such as the Georgia Initiative in Mathematics and Science (GIMS),
one of many statewide systemic projects funded by the National Science Foundation
(NSF) in the 1990s, 1 participated in professional development initiatives designed to
be train-the-trainer types of programs. Likewise, through the Rural Technical Assistant
Center program funded by the U.S. Department of Education, I designed and con-
ducted many train-the-trainer professional development programs. Ironically, in all of
these programs the first-tier participants—those teachers usually designated as excel-
lent teachers themselves and clearly nominated for their potential as trainers of their
peers—often relied on teacher-centered delivery for peers rather than the student-cen-
tered constructivist model they advocated for student learning. In other words, they
tended to be constructivists with students but autocratic with other teachers.

Voices spoke loudly and aggressively that “teachers don’t have time to construct
their own understanding,” “teachers need a manual,” “teachers need a step-by-step
guide for implementation,” and so on. Indeed, because of scheduling pressures, as-
sessment training was often designed and delivered in short sessions (one to two
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days) with occasional follow-ups. Not surprisingly, little commitment to change re-
sulted. One heard the phrases “authentic assessment” and “portfolio assessment”
from time to time, but real changes in how teachers used or understood assessment
were not visible in many classrooms.

At the same time that these systemic projects were under way, [ had the opportu-
nity to create a professional development model based largely on constructivist learn-
ing theories and focused on the design, implementation, and use of new forms of
assessment in support of science education reform. This project—funded by NSF—
spanned 30 months from 1992 to 1994. Twenty-four teachers participated (teams of
four from six different school systems representing a wide range of resources, stu-
dent populations, teacher expertise, administrative support, and district commitment
to change vis-a-vis the National Science Standards movement). This project and the
three-year project funded by the Rural Technical Assistance Center (Region IV) that
followed it provided convincing evidence of the power of assessment design as a
lever for sustained change in classrooms.

Theoretical Perspective
Lampert & Ball (1990) defined effective professional development as a “reciprocal
process that enables participants in an educational community to construct meanings
that lean toward a common purpose about schooling.” What exactly is that recipro-
cal process? Jorgensen (1994) and Jorgensen, McDevitt, Wolfe, and Hensley (in
press) defined it as the interchange of ideas between individuals in a challenging
environment. The responsibility for gaining a full understanding of the issues at hand
rests with each individual in the conversation. There are no assumptions made about
“truth” or “acceptability.” The product of the discourse and of the construction of
meaning may be unpredictable, or it may be status quo, but participants make no
assumptions about the nature or shape of the product (or solution) at any time during
the process.

When this process happens within an educational environment, there are guiding
principles, however. These include:

1. All students can learn at high levels.

2. Student-based learning supports student achievement.

3. Teachers’ roles are to facilitate student learning.

4. A safe environment is essential for all participants in the teaching-learning process.
5. Administrative support is essential.

If the professional development effort is based on constructivist thinking, it is inap-
propriate at best and misleading at worst to presume a specific schedule, a specific
outcome, or a specific process. What can and should be expected is a mutuality of
purpose, shared values, and communities of memory that connect teachers and admin-
istrators who work in the same school/district and are in common efforts (Bellah 1985).
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Because this approach to professional development requires flexibility in schedul-
ing and in outcomes, it calls for a basic shift in the way administrators think about
professional development. It also requires that those educators who participate change
their expectations for the experience. Participants in a constructivist-based professional
development program will work harder, experience more frustration, and likely gain far
greater personal rewards than they will from other models of professional development.

Before exploring the details of a constructivist model for professional develop-
ment focusing on assessment design and implementation, it is important to define
that term. Like much of the language of education reform, constructivism has many
definitions. Henriques (1997) presented a useful comparative framework for four
different interpretations of constructivism. She called these information processing,
interactive constructivism, social constructivism, and radical constructivism and de-
fined them as shown in Table 1.

The constructivist theory that forms the professional development model de-
scribed here is the Social Constructivist model, following the work of Henriques
(1997). From my perspective there are two keys to this concept. One is that there
are no right ways to teach for all learners, and likewise there are no right ways to
learn for all learners. The other is that when teachers and learners become tolerant
of individual differences in ways of constructing knowledge, exciting growth and
learning results. As Pizzini (1998, p. 2) stated: “When actually engaged in reflec-
tive dialogue, adults become more complex in their thinking, more tolerant of di-
verse perspectives, and more flexible and open toward new experiences thus lead-
ing to professional growth and development.”

Why Focus on Assessment? The challenge in the

Despite decades of research on the teaching and learning pro- current reform
cess, many teachers teach the same materials and in the same
way as a century ago. Stepans and Miller (1992) suggested _r
three major reasons for this inertia: use new findi ngs

about student
learning, information

environment is to

1. Many teachers are held accountable to follow a prescribed
curriculum and/or textbook without having much input
on the appropriateness of the materials or the sequence in from and about
which concepts are taught. standardized

2. Many classroom teachers .view most of the edu.cationa'l re- assessment, a nd
search reports by professional researchers as impractical, )
superficial, and difficult to interpret and apply. available

3. The educational researchers have not allowed the techno/ogies to
participantion of the classroom teacher in the act of re-
search.

Assessment can be the driving force that shifts perceptions, new forms of

attitudes, and practices within the context of high quality pro- assessment.

develop optimal
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Constructivist Category Characteristics

Information Processing Utilizes a computer metaphor to illustrate learning in which a
series of microprocesses generate ideas and analyze errors lead-
ing to closer and closer approximations of the correct answer.
Learning is a process of identifying causal relationships between
antecedents and outcome, establishing critical (essential, nec-
essary, and sufficient) attributes of a concept, and acquiring ac-
curate understanding of fixed entitles and relationships that ex-
ist independent of human activity.

Social Constructivism Utilizes a context metaphor to illustrate learning in which group
dynamics lead to multiple interactions that are resolved by social
negotiations resulting in consensus and common understanding at
the group level. Knowledge is perceived as a social artifact, not a
representation of reality.

Radical Constructivism Utilizes an organism metaphor to illustrate learning in which in-
terpersonal deliberations and inner speech lead to equally valid
unigue interpretations that are internally assessed for personal
consistency. Knowledge is perceived as an individualistic snap-
shot of a multiple reality.

Interactive Constructivism Utilizes an ecology metaphor to illustrate learning in which dy-
namic interactions of prior knowledge, concurrent sensory ex-
periences, belief systems, and other people in a social-cultural
context lead to multiple interpretations that are verified against
evidence and privately integrated (assimilated or accommo-
dated) into the person’s knowledge network. Knowledge is per-
ceived as individualistic conceptions that have been verified
by the epistemic traditions of a community of learners.

fessional development. One of the most exciting opportunities that has come to the
measurement communities in the past 30 years is the call “‘authentic assessment.” Those
of us in the measurement field rail at the phrase because it impugns the value of tradi-
tional measures as inauthentic. Good measurement of all types captures important evi-
dence about learners” knowledge and skills. The challenge in the current reform envi-
ronment is to use new findings about student learning, information from and about
standardized assessment, and available technologies to develop optimal new forms of
assessment. Jorgensen (1994) advocated that the goal of new forms of assessment should
be to “cause a student to demonstrate the best that they know and can do before they
even realize they are being tested.” Studies of new assessment initiatives indicate that
carefully evaluating authentic student work can help teachers better understand what
students know and can do by clarifying goals and expectations for teaching and learn-
ing, deepening teacher knowledge of the disciplines, and increasing teachers’ under-
standing of students and their work (Falk & Ort, 1998).
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Using new forms of assessment as a focus for constructivist protessional devel-
opment has two distinct advantages: all ill-defined product and a process unfamiliar
to most classroom teachers. The value of novelty and uncertainty is that none of the
participants knows exactly what should happen when. The burdens of this approach
are that the facilitator must be comfortable with stress and the teacher participants
must struggle to construct their own understanding of what is important student learn-
ing and how best to document that learning. Precedents for such adult student-cen-
tered learning models include training of medical doctors, medical training that blends
case writing with discussions of educational goals, modes of teaching, curriculum
structure, and classroom organization (Waterman, 1997).

Critical Choices for Assessment in a Reform Environment
The professional development model proposed here focuses on the development and
use of assessment tools to capture evidence about what students know and can do
that is not already being documented in systematic ways. This focus prompts dia-
logue about what is being taught, what is being learned, and how teachers, students,
parents, and administrators can know this with certainty.

The model’s specific goals are to:

1. Create reliable and valid assessments that closely mirror sound instructional
strategies.

2. Investigate the effect of assessment formats on student learning.

3. Engage teachers in the work of developing assessments so they can serve as resi-
dent mentors for others who might wish to do similar work in science or other
disciplines or content areas.

4. Incorporate ongoing assessment development and refinement into the teaching/
learning process on a routine and regular schedule.

More generally, this type of professional development aims to engage teachers in
gaining a common understanding of what is important for students to know and be
able to do and to empower teachers to craft or modify assessment tools to best reflect
what is important to document about the teaching and learning process. There are no
right decisions or right answers or specific development rules within this constructivist
approach. Each participant brings to the discussion a unique perspective and a par-
ticular bias. Likewise, groups from the same schools bring a unique and biased com-
mon perspective on what students should know and be able to do and which assess-
ment types are meaningful, credible, and informative for a variety of audiences. The
yardstick of success must also be constructed from the work of the group, their as-
sumptions, and their values.

For teachers accustomed to short professional development activities, the arduous
journey of the constructivist approach can be daunting and frustrating. Thus, it is critical
to have a commitment from participants to persevere. I recommend working with school
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teams that have agreed to participate in the project for at least one year. Likewise, it is
critical that responsible administrators actively and regularly join in the experience. To
be successful in providing academic preparation for students, a program must work through
the school system, with the full support and endorsement of the superintendent and the
school principal.

Participants in a professional development program that focuses on assessment
must begin by candidly discussing the myths about tests. Many unfounded myths are
widely held among teachers. Among the most detrimental to reform is that “tests are
meaningless tasks that take time away from real learing.” Until this myth is chal-
lenged, little progress can be made in changing the way teachers think about learning

and about what students should be engaged in while studying
For teachers science. It is important to use whatever techniques or resources
accustomed to short are available to cause the participants to question that myth.
. One technique is to share with the participants tests different
pr ofessional from those typically used in their own school environment.
devel opment | Forexample, if the teachers tend to think of standardized com-
activities, the mercial multiple-choice tests, examples of constructed re-
sponse tests should be presented. If the teachers tend to think
of subject-specific objective-referenced tests, then they should
the constructivist | see examples of integrated assessments. If the teachers tend
approa ch can be to think of tests as Fhings that happen at the end of tl'le year or
. at the end of a unit, they should have an opportunity to see
daun ting an d examples of embedded assessments that are virtually invis-
frustrating. | ible to the students as assessment tools.

This exposure to alternative tests should extend to ex-
amples of the different kinds of information they yield. If teachers tend to think
about score reports generated from commercial tests that provide statistical informa-
tion not directly connected to teaching and learning, it would be useful to share with
them examples of score reports based on proficiency descriptions or rubric catego-
ries. The goal of this exposure is to cause teachers to begin to challenge their own
understanding about what tests can do for them as managers of effective instruction.

Another approach to disrupt teachers’ conventional understanding of tests is to get
them to think about what assessments should look like and to how they should perform
in the classroom to the benefit of both teachers and students. Often this can be accom-
plished by asking the participants how they would define a test. Typically, the responses
are affective (e.g., anxiety producing, stressful) and format-related (e.g., multiple choice,
unrelated to the way teachers teach and students learn). Seldom will teachers define
tests in a functional manner. A reminder of a well-accepted definition of a test may help
refocus this conversation: “A test is a systematic procedure for observing behavior and
describing it with a numerical or categorical score” (Cronbach, 1970, p. 26). This defi-
nition allows for an open interpretation and discussion of what tests can be. It chal-
lenges the participants to think about how tests can be designed to model ideal instruc-

arduous journey of
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tion, elicit credible and meaningful evidence of learning con- If teachers tend to
sistent with the habits of the discipline of science, and yield
sound information about individual learners. .
Begin by sharing with teachers and administrators a brief thi ngs that h appen
overview of new forms of assessment. The examples shared at the end of the
should be chosen to broaden the teachers’ perspectives of
what a test could look like. This is a deliberate attempt to )
encourage the teachers to use instructional strategies as a | @ Unif, they should
base for assessment design. This initial information sharing have an opportunity
gives the participants an opportunity to build a common un-
derstanding about the purpose, structure, limitations, and ad-
vantages of various forms of constructed-response (as op- embedded
posed to only-choice) formats. assessments that are
As the .conversation.continues and as teachers begin to virtua //y invisible to
stretch their understanding of what a test can be, challenge
them to think about assessment design and format that maxi- the students as
mizes the value of the information derived while at the same assessment tools.
time maintaining the credibility of the tool by adhering to
the essential elements of good measurement: objectivity, reliability, and validity. Bring-
ing into balance high quality assessment that models ideal instruction and provides
meaningful information to teachers, students, parents, and administrators, while be-
ing true to fundamental measurement characteristics, is a challenge. But it is only
when all these qualities are present together that there is value in this approach to
professional development.

think of tests as

year or at the end of

to see examples of

Deciding When and How to Capture Evidence

After dealing with testing myths and discussing alternative tests, the participants

should address two key questions:

& What is quality work in science at the grade levels of interest?

o How can evidence of science learning that is consistent with our understanding of
quality work in science be captured?

Out of the intellectual struggles with these questions come solutions consistent with

good practice in both teaching and assessment.

What is Quality Work in Science?

Task development begins with a critical conversation focused on the key question: What is
quality work in science at the grade levels of interest? Teachers should identify the behav-
iors that an independent, competent student in x grade in science or in x-specific science
course should be able to demonstrate upon completion. This task has proven to be exceed-
ingly difficult if taken beyond specific curriculum objectives and set in a broader context of
the National Science Education Standards (NRC, 1996). Providing a temporal anchor (such
as end of year) helps focus the conversation.
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Jorgensen, McDevitt, Wolfe, & Hensley (in press) found that typical responses to
this question—regardless of content area focus—were superficial. Teachers respond
with “student conducts an experiment approximately,” “student knows how to set up
an experiment,” or “student understands basic properties.” These types of responses
are signals to the facilitator of the professional development program that the partici-
pants are not engaged in meaningful learning. It is only when teachers begin to chal-
lenge what students should know and be able to do in the broader context of the Na-
tional Science Education Standards that they will change what happens in classrooms.
If they are challenged to break away from the “canned programs” and think about
learning outcomes in the discipline, this task will be a difficult one for most teachers.

Initially, participating teachers’ focus tends to be on discrete instructional objectives
or on science-process skills. Teachers should be challenged to make explicit what stu-
dents must know and be able to be literate in science, as well as to be active agents in the
classroom—making decisions on what to teach, when to teach, and how to teach, which
many of the science curricula do not require. Many programs are virtually lockstepped
for teachers. For all the value of the kit-based programs in terms of bringing hands-on
science to the classroom, the fact that teachers do not have to think about how the tasks
and activities and readings fit together can actually inhibit a reform environment. Like-
wise, using the published objectives as benchmarks without thinking critically about
what is really important for students to know and be able to do inhibits reform.

Hard content means not just the facts and skills of academic work, but under-
standing concepts and the interrelationships that give meaning and utility to the
facts and skills....The emphasis is on students learning to produce knowledge,
rather than simply reproduce knowledge (Porter, Archbald, & Tyree, 1991, p. 11).

In order to expand their perspective, the participants might be challenged to make
explicit the critical content, critical processes, and critical approaches to work that
are essential to science. The insights teachers gain from this task can influence the
format of the assessment tasks the teachers design and the standards of quality they
develop for judging student achievement.

Participants in professional development programs modeled as I am advocating
are often anxious at first. A typical elementary teacher acknowledged,

I'was a little apprehensive about the task at hand....1 did feel that there may have
been a little too much...thrown at us in a short period of time,...but I realize that
it was not the time factor itself that caused the problem...I was not as prepared
and knowledgeable as I would have liked to have been (Jorgensen, 1996).

For high school teachers, the anxiety typically took a different form, more fo-

cused on “but I have x content to cover.” Some even went so far as to say, “The only
test that matters is the AP test.” All these comments indicated resistance to change.

132



It's All About Choices

2

It is for the professional development facilitator to move the group forward, to sug-
gest the benefits of new forms of assessment for the participants’ classrooms.

Task development continues by taking up the key question: How can evidence of
science learning that is consistent with our understanding of quality work in science
be captured? The participants must answer the following corollary questions:
¢ What are they trying to describe, and how?

+ What needs to be documented, and how is it best to do that?

& What are they trying to model through the assessment?

¢ Whom are they trying to inform and how?

The first question draws on participants’ understanding of what is critical that stu-
dents know and can do. The second question asks what types of evidence are re-
quired and how the evidence should be organized. The third question harkens back
to the reality that “tests drive instruction” and challenges teachers to use assessment
to model high quality instruction. “You teach what you assess and you assess what
you teach” (Resnick, 1987, p. 7). The team’s charge must be to develop assessment
tasks with appropriate and engaging forms that will maximize the likelihood that
students will be able to demonstrate important science learning in a systematic and
credible manner.

The inherent appeal

Deciding How to Summarize and Interpret Evidence of experiments as

Just as complex a task as the designing of an assessment is )
the crafting of the mechanism to communicate what is as- per formance tasks in
sessed. The inherent appeal of experiments as performance science Is that the
tasks in science is that the work itself is valued within the
discipline. They are student-centered and model what many o L
scientists do every day. Participants are often inclined to within the discipline.
make experiments and lab assignments the assessment of
choice. However, if asked the fourth and last development question—Whom are you
trying to inform and how?—teachers must admit the lab report often falls short. How
does a lab on identifying minerals or on measuring and altering pH levels speak to
the critical things that students should know and be able to do in science? How can
students, teachers, parents, or administrators use lab reports to guide teaching and
learning in the broader context of the science standards? What information can con-
firm whether students are learning what is important in science? :
Professional development based on this social constructivist model encourages
debate about these issues without suggesting solutions. Its value is to challenge teach-
ers by asking them what evidence about individuals they would find useful to have
from that end-of-year assessment discussed above. Would the ability to complete lab
reports be high on their list? Perhaps. But I hope they would also want evidence
about unstructured inquiry, question development, and strategies designed to answer
questions—and to provoke new questions.

work itself is valued
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The character of the information sought determines the information available, as
well as its utility. What does a score on a lab report say about inquiry in a general sense?
What does performance on an unstructured inquiry task say about inquiry in science?

Frequently, teachers tend to move away from merely quantitative information to
proficiency descriptors or standards-based information because the latter speak di-
rectly to teaching and learning. An example of an holistic rubric developed to sum-
marize evidence of inquiry skills from elementary students is provided in Table 2.

Table 2: Scoring Guide—Science Observation

Score  Category Description

5 Exceptional The student’s drawing includes multiple relevant features with attention
to many specific details (shape, size, color, texture, proportions, parts,
unique features). Drawing is a clear visual representation; there is accu-
rate use of scale. The written response describes the object(s) observed,
noting the multiple relevant features and specific details (exacting, clari-
fying, unique descriptors). The written description is objective and pre-
cise in the use of descriptors and includes those features drawn. Addition-
ally, the description includes those elements observed through senses other
than sight.

4 Very Good The drawing includes multiple relevant features with attention to some
specific details. Drawing is a clear visual representation; there is accurate
use of scale. The written response describes the object(s) observed, not-
ing the multiple relevant features and some specific details. Overall, the
written description is objective and precise in the use of descriptors and
includes those features drawn. Writing is more than a listing.

3 Satisfactory The drawing includes multiple relevant features with some attention to
detail; irrelevant features may be included. Drawing is a clear visual rep-
resentation; there is evidence of an understanding of scale, although scale
may be imprecise. The written response describes the object(s) observed,
noting multiple relevant features and some specific details; irrelevant fea-
tures may be included. Overall, the written description is objective and
precise in the use of descriptors and includes those features drawn.

2 Limited The drawing includes few relevant features with little attention to detail.
Drawing is identifiable but may be simplistic. There is a distortion of scale
that demonstrates confusion about proportional relationships. There is an
attempt to describe the object(s) observed, but with few relevant features
or details. Overall, the written description is vague and may include in-
consistencies when compared to the drawing.

1 Minimal The drawing includes few relevant features with little attention to detail.
Object is difficult to identify. Scale is distorted. There is an attempt to
describe the object(s) observed, but with few relevant features or details.
The written description is vague and may include inconsistencies when
compared to the drawing.

0 Off Task No attempt was made or student did not follow directions for task; there is
not enough information to score.
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This rubric is holistic in that the judgment of the quality of work is made on the
complete whole rather than on the elements that make up the whole. The nature of
what the rubric developers considered indicators of quality is explicit in the descrip-
tion of a score of 5. Note that excellent work is defined as including multiple relevant
features and specific details; the written description is objective and precise and
includes elements observed through various senses.

Another approach to rubric development is to look specifically at those important
elements separately. Table 3 is an example of such an analytic rubric. This was also
designed for elementary students and was tailored for observing a NASA astronaut
who played with a wind-up car during a space mission to demonstrate the principles
of free fall or microgravity, friction, momentum, work, energy, the law of conserva-
tion of momentum, and so forth.

Using rubrics such as these or developing proficiency descriptions associated
with specific levels of performance on an assessment task enhances the value of the
test information. In good rubrics and proficiency descriptions, the wording parallels
or connects directly to learning goals and instructional emphases. Test information
becomes real from the perspective of the student, teacher, parent, or administrator
because the link to teaching and learning is clear.

There are many examples of rubrics in the literature; however, note that most are
task-specific. For example, the classic “Soda Task™ (Baron, Forgione, Rindone,
Kruglanski, & Davey, 1989) includes an analytic rubric just for the evaluation of that
experiment. In contrast, the examples included in this article can be used across
various appropriate stimulus activities. Thus, the science *“‘stimulus” for “Science
Observation” can range across a variety of units, lessons, concepts, and so forth.
Likewise, even though “Toys in Space” was developed for the NASA video activi-
ties, the descriptions of excellence would be appropriate across many other science
activities. In contrast, when numbers alone represent test performance and levels of
quality, the numbers’ meaning is often not clear. Some frame of reference for the
number is often required—a comparison group, standard, or trend.

Making Assessment Meaningful and Useful

Measurement specialists work hard to make information derived from tests useful to
their clients. Teachers will face similarly hard work as they design and implement
new forms of assessment. They will have to balance available time for development,
administration, and scoring against the value and utility of the information derived.
They will have to make decisions about when they really need to capture evidence of
student learning in a systematic and standard manner and when they can use less
formal assessments. They will have to think carefully about how best to communi-
cate the information from tests so that the message is heard.

There are no right or wrong ways to proceed here except within certain circum-
stances, and the participants best know those circumstances. The facilitator’s job is
to keep asking the question: How will this information be most meaningful to its
audience(s)?
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Table 3: Analytic Scoring Guide—Toys in Space

Score  Behaviorial Description

Prediction (What do you think the car will do? Why?)

0 No attempt, or a prediction unrelated to the experiment

1 Prediction with no rationale

2 Prediction with a rationale

3 Accurate prediction with a rationale

4 Exemplary (includes accurate prediction and appropriate rationale for the variables

involved)

Drawing (Draw a picture of what the car did.)

0 No attempt

1 Attempt (includes car and track)

2 Appropriate (includes car and track, shows motion)

3 Accurate representation {includes car and track, shows motion, and demonstrates free

flight of car away from the track)

Narrative (What did you notice? Why do you think the car did what it did?)

0 No attempt

1 Attempt (mentions car and track)

2 Appropriate (includes car and track, mentions motion)

3 Accurate representation (includes car and track, mentions motion, and discusses free

flight of car away from the track)

4 Exemplary (includes car and track; shows motion; discusses free flight of car away from
the track; includes reference to term or concept of gravity, microgravity, etc.)

Contrast of space with Earth (sixth-grade students only) (In your classroom...?

Explain.)
0 No attempt
1 Attempt

Appropriate (but no evidence of extension of scientific concepts or principles)

Accurate attempt {some evidence of extension of scientific concepts or principles)

oW N

Exemplary (demonstrates evidence of extension of scientific concepts or principles, in-
dicates logical “next step” in the investigation)

Question (What question about the toy car would you like to ask the astronaut?)

0 No Attempt

1 Attempt (but not appropriate, given task)

2 Appropriate (but no evidence of extension of scientific concepts or principles)

3 Accurate attempt (some evidence of extension of scientific concepts or principles)

4 Exemplary (demonstrates evidence of extension of scientific concepts or principles, in-

dicates logical “next step” in the investigation)
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Continuous Improvement for Science Education Through Effective
Assessment

The impact of training programs like those described above on teachers’ think-
ing about learning in science and about how to better create engaging student-
centered learning environments will be known only five or 10 years from now.
But there is room for optimism. One administrator whose teachers participated
in a professional development program modeled after this social constructivist
approach provided support for this optimism, as well as an objective view on
how hard the work is:

The journey was difficult. We were so uncertain of whether or not we were
right! Just like the students—we wanted to know immediately if we had under-
stood the assignment correctly. Had we followed directions? Had we produced
quality work?

By the end of the year, we had produced twelve innovative performance-
based tasks! We had crafted meaningful scoring guides that reflected increas-
ing sophistication in student understanding and we had tried out these tasks on
students. Well, guess what? They worked, and the students liked them!

For us, the “What'’s next?” question came quickly. We reflected on how much we
had grown in terms of understanding. We recognized how valuable the products of
our work had already been in making high quality work an expectation—a norm,
not a distant goal in our school. Answering that critical question of “What is qual-
ity work?” and then moving to the creation of systematic ways to document and
Jjudge quality have made this learning journey the most powerful that I, as a former
teacher, have ever been on. Never again will we look at assessment or instruction in
some way. All students at our school will benefit from this work (Wolfe, S., 1996)!

Such testimonials are encouraging for the future of this approach. However, it is essential
that those who embark on this leamning journey realize that the target for excellence in
teaching and learning will be forever a moving one. Science standards evolve. We are all
learners and experimenters who must keep open minds as we learn more about pedagogy
and about cognition; as science grows and changes, what teachers expect from students will
need to change. It is this reality that makes the social constructivist approach to professional
development reasonable and exciting.
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Defining Teacher Quality Through
Content: Professional Development
Implications from TIMSS

William H. Schmidt
Michigan State University

William H. Schmidt is a professor of education at the Michigan State University, College of
Education and serves as the national research coordinator for the Third International Mathemat-
ics and Science Study.

The major evidence around which the theme of this paper is built comes from
data gathered as part of the Third International Mathematics and Science Study
(TIMSS). TIMSS was the most extensive and far-reaching cross-national compara-
tive study of mathematics and science education ever attempted (see Schmidt and
McKnight, 1995; Beaton, Martin, Mullis, Gonzalez, Smith, & Kelly, 1996). It in-
cluded comparing the official curricula, textbooks, teacher practices, and student
achievements of many countries (20 to 50 countries, depending on the particular
comparison). Thousands of official documents and textbooks were analyzed. Thou-
sands of teachers, principals, and other experts responded to survey questionnaires.
More than half a million children in over 40 countries were tested in mathematics
and science. These tests were conducted for 9-year-olds (grades 3 and 4 in the United
States), 13-year-olds (grades 7 and 8 in the United States), and for students in the last
year of secondary school (12th grade in the United States).

The focus of this chapter is on the science portion of the TIMSS study. Achieve-
ment testing results are reviewed and discussed in the context of the curriculum and
instruction provided in those countries. A special focus in the chapter is on the policy
implications of TIMSS for professional development, especially in the sciences.

Achievement Results

Fourth-Grade Achievement

The brightest spot for the United States in the TIMSS achievement results was
fourth grade science (Figure 1). The United States tied for second among TIMSS
countries on the overall science score (NCES, 1997). U.S. students were out-
performed only by those from Korea and performed significantly better than
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most others (19 countries out of 26, including England, Canada, Hong Kong,
and Singapore). The same cannot be said about fourth-grade mathematics
achievement results, where, overall, the United States placed somewhat above
the international average.

Figure 1: U.S. Average Science Performance: Population 1

Nations with Average Scores Nations with Average Scores
Significantly Higher than the U.S. Significantly Lower than the U.S.
Nation Average Nation Average
Korea 597 England 551
Canada 549
Nations with Average Scores Singapore 547
Not Significantly Different from Slovenia 546
the U.S.
. Ireland 539
apan 4
: p. Scotland 536
United States 565
Hong Kong 533
Austria 565
Hungary 532
Australia 562
New Zealand 531
Netherlands 557
X bl Norway 530
R i 557
Czech Republic Latvia 512
Israel 505
Iceland 505
Greece 497
Portugal 480
Cyprus 475
Thailand 473
Iran 416
Kuwait 401

Eighth-Grade Achievement
The TIMSS eighth-grade science results, presented in Figure 2, revealed the United
States as slightly above the international average (NCES, 1996). Students in several
countries performed significantly better than those in the United States (including
Singapore, Japan, Korea, Hungary, and the Netherlands, among others). Many coun-
tries (such as England, Russia, Switzerland, and Germany) had scores that did not
differ significantly from those of the U.S., and several had scores significantly lower.
The TIMSS eighth-grade mathematics results were not as strong as the science
results. Essentially, the United States scored below the international mean in almost
every area. U.S. students were better than only seven countries—Colombia, Kuwait,
South Africa, Iran, Portugal, Cyprus, and Lithuania. There was a large number of
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countries that scored significantly better than the United States, including most of
Europe and Asia.

The comparison of fourth to eighth grade for both science and mathematics
showed that students consistently performed better at fourth grade than at eighth,
especially in science. U.S. students did not start behind, they fell behind.

Figure 2: U.S. Average Science Performance: Population 2

Nations with Average Scores Significantly ~ Nations with Average Scores Not Significantly

Higher than the U.S. Different than the U.S.

Nation Average Nation Average

Singapore 607 England 552

Czech Republic 574 Belgium (FI) 550

Japan 571 Australia 545

Korea 565 Slovak Republic 544

Bulgaria 565 Russian Federation 538

Netherlands 560 Ireland 538

Slovenia 560 Sweden 535

Austria 558 United States 534

Hungary 554 Germany 531
Canada 531

Nations with Average Scores Significantly Norway 527

Lower than the U.S. New Zealand 525

Nation Average Thailand 525

Spain 517 Israel 524

France 498 Hong Kong 522

Greece 497 Switzerland 522

Iceland 494 Scotland 517

Romania 486

Latvia 485

Portugal 480

Denmark 478

Lithuania 476

Belgium (Fr) 471

Iran, Islamic Republic 470

Cyprus 463

Kuwait 430

Colombia 411

South Africa 326
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Twelfth-Grade Achievement
The downward trend in terms of the U.S. ranking internationally, which was evidenced
in TIMSS from fourth to eighth grade, was further continued when the 12th grade

Statistically, in both
the mathematics
and science general
knowledge areas,
there were only two
countries that U.S.
students
outperformed:
Cyprus and South
Africa.

results were examined (NCES, 1998). In science, two differ-
ent tests were given to two different groups of students. The
first type was given to a general cross-section of students com-
pleting secondary school and surveyed students’ general
knowledge of both science and mathematics. From an inter-
national perspective, the content of this general knowledge
test was drawn from curricular topics addressed in grades
seven to nine. U.S. performance in science general knowl-
edge is shown in Figure 3. Statistically, in both the mathemat-
ics and science general knowledge areas, there were only two
countries that U.S. students outperformed: Cyprus and South
Africa. Thus, the decline in relative international standing con-
tinued its downward trend to the bottom of the international
distribution. It must be noted that the Asian countries, such as
Hong Kong, Singapore, Korea, and Japan, which were among

the highest performing nations at both of the two younger student populations, opted
not to participate in the end of secondary school testing.
The second type of test given was a specialist examination—one in advanced

Figure 3: U.S. Average Science Performance: Population 3

Nations with Average Scores Significantly Nations with Average Scores Not Significantly
Higher than the U.S. Different than the U.S.
Nation Average Nation Average
Sweden 559 Germany 497
Netherlands 558 France 487
Iceland 549 Czech Republic 487
Norway 544 Russian Federation 481
Canada 532 United States 480
New Zealand 529 Italy 475
Australia 527 Hungary 471
Switzerland 523 Lithuania 471
Austria 520
Slovenia 517 Nations with Average Scores Significantly
Denmark 509 Lower than the U.S.
Nation Average
Cyprus 448
South Africa 349
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mathematics and another in advanced physics. Each nation was to define those stu-
dents taking the most advanced course of study in each of these two areas. For much

of Europe, this population was well-defined as specific tracks or courses of study
with clearly defined students. Such tracks have about 15 per-

cent to 20 percent of the end of secondary students in them. Even students ta k,’ng

For the United States, the advanced students in physics were
defined as those taking a college-level preparatory course

the most advanced

in physics or advanced placement (AP) physics. course work in
The results of the advanced physics test are presented in ph ysics do not

Figure 4. This startling result placed U.S. students literally
at the bottom of the international distribution. All the par-

compare well with

ticipating countries, except Austria, outperformed the United their counterparts in
States. These results call into question a seriously held be- the other TIMSS

lief that the problems of American education reside mostly
with those students with average or poor ability levels but

countries.

certainly not with the most able of students. Even students
taking the most advanced course work in physics do not compare well with their
counterparts in the other TIMSS countries.

Figure 4: U.S. Average Science Performance: Population 3 Physics Students

Higher than the U.S.
Nation

Norway

Sweden

Russian Federation
Denmark

Slovenia

Germany
Australia

Cyprus

Latvia

Switzerland
Greece

Canada

France

Czech Republic

Nations with Average Scores Significantly

Average

581
573
545
534
523
522
518
494
488
488
486
485
466
451

Nations with Average Scores Not Significantly
Different than the U.S.

Nation Average
Austria 435
United States 423

Nations with Average Scores Significantly Lower
than the U.S.

Nation Average
(None) -
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Summary

The TIMSS achievement results painted a disappointing picture. It is a picture of decline
in relative standing internationally from fourth through eighth to 12th grade. The pattern
holds both in science and mathematics. While acknowledging the difficulties of making
comparisons among countries at the end of secondary school, the overall pattern is un-
mistakably clear. The middle grades (5-8) are central in understanding that decline. The
next section examines U.S. achievement in science more closely.

A Closer Look at Science Achievement in Grades 4 and 8

A characteristic feature of much American thinking on achievement testing is that
once a test is labeled as “science,” if it is properly developed (which usually means
meeting various psychometric criteria), it essentially yields
TIMSS data suggests the same information as that from another psychometrically
that a science test is well-developed “science” test. Put more simply, it is the

: . belief in educational circles that a test is a test is a test.
not a science test, Using TIMSS data as reported elsewhere (Schmidt,
that the use of Jakwerth, & McKnight, 1998), a set of analyses suggests that
different a science test is not a science test; that the use of different
curriculum-s pec ific curriculum—spe.ciﬁc measures v.vhen comp.aring c.ountries can
lead to very different conclusions. In this section, curricu-
measures when lum-specific measures in science are used to portray U.S. per-
compar ing countries formance relative to other countries, providing a much more

can lead to ve ry precise characterization of student achievement results.

different Fourth-Grade Achievement

conclusions. Data for 15 areas of science for the upper of the two grades
containing most 9-year-olds (fourth grade in the United
States: see Schmidt, McKnight, Cogan, Jakwerth, & Houang, 1999, for a similar
analysis of a subset of the 41 countries presented here) showed that no countries
outperformed U.S. students in the areas: “organs and tissues,” “interactions of living
things,” “human biology and health,” and “scientific processes.” U.S. students per-
formed the best, relatively speaking, in “interactions of living things,” where only
the Netherlands outperformed the United States by about one percentage point. The
weakest area was “forces and motion.” Students’ average scores were higher than the
international means in all but four areas: “earth in the universe,” “life cycles and

genetics,” “matter,” and “forces and motion.”

Eighth-Grade Achievement

Figure 5 (pp. 148-156) presents science data for the upper of the two grades with the
most 13-year-olds (eighth grade in the United States; again, see Schmidt, McKnight,
Cogan, Jakwerth, & Houang, 1999). This is similar to the fourth-grade science data
referred to in the previous section. Data are presented for 17 content areas. Because
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overall science score’s standing was high at fourth grade and around average at eighth,
one might expect a set of mostly lower rankings. However, there was substantial
variation in the U.S. ranking across the 17 content areas.

In “life cycles and genetics,” the United States was not significantly outperformed
by any country at the eighth-grade level. In fact, in “life cycles and genetics” the
United States was only one-half percentage point from sharing the number one rank-
ing with the Czech Republic. In “scientific processes,” “earth in the universe,” and
“chemical changes,” the United States was significantly outperformed by only one
or two countries. The relatively worst areas for the United States were “physical
changes,” “properties and classification of matter,” and “forces and motion,” being
outperformed by 15 to 18 countries. However, the United States did not perform
significantly below the international average in any of the 17 science topic areas.

Generally, the United States did best at both fourth and eighth grade in earth sci-
ence, in particular “earth processes.” U.S. students also did well in life science at both
levels, although the specific content areas differed—*“organs . .
and tissues” and the “interactions of living things” at fourth E’gh th'gr ade science
grade, but “life cycles and genetics” at eighth grade. This re- achievement is
flected the general tendency among elementary and middle- somewhat difficult
school teachers to focus most of their instruction on biology . .
and earth science. to interpret, given

The worst area at both levels was in physical science— the lack of
“forces and motion,” “physical and chemical changes,” and agreement as to
“matter” at fourth grade, and “physical changes,” “proper- .
ties and classification of matter,” and “forces and motion” what constitutes
at eighth grade. the eighth-grade

Eighth-grade science achievement is somewhat difficult curriculum.
to interpret, given the lack of agreement as to what consti-
tutes the eighth-grade curriculum. By eighth grade, the typical science curriculum
pattern in U.S. educational systems is to have students take a course oriented to a
specific broad area of science (earth science, life science, and physical science) or,
less frequently, a mixed course in “general science.” As a result, not all students were
taking or had recently studied all areas of science. At both seventh and eighth grade,
around 30 percent of U.S. students take a general science course. For the specific
disciplines, the differences between seventh and eighth grade are rather pronounced.
At seventh grade, almost 60 percent took life science, whereas 10 percent were in an
earth science course and less than 5 percent took physical science. By contrast, at
eighth grade about 30 percent each had a physical or an earth science course and
only 10 percent took life sciences.
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Figure 5: Country science scores for specific content areas for upper-grade

13-year-olds in selected countries compared to the U.S. mean (national
% correct in each area)

Earth Features Earth Processes Earth in the Universe

Slovenia 69.5 lreland 66.9 Sweden 70.7
Czech Republic 67.1 England 66.7 Norway 70.1
Hungary 67.1 Singapore 66.7 Netherlands 67.5
Korea 65.3 Belgium (FI) 65.4 Czech Republic 66.9
Singapore 64.6 Netherlands 62.5 Japan 66.7
Bulgaria 63.1 Norway 62.3 Thailand 66.0
Ireland 62.9 Austria 61.0 Bulgaria 66.0
Austria 61.8 United States 60.9 Singapore 64.9
Belgium (FI) 61.1 Russian Federation 60.8 Switzerland 64.8
Slovak Republic 61.0 Canada 60.6 Slovenia 64.7
Sweden 60.5 Sweden 60.0 Korea 64.4
Thailand 59.7 Slovenia 59.6 Slovak Republic 63.8
Russian Federation 59.2 Korea 59.0 Austria 63.6
Norway 59.2 Japan 58.5 United States 63.3
Japan 59.0 Slovak Republic 58.1 Germany 62.8
England 58.7 New Zealand 57.3 Spain 62.8
Switzerland 58.2 Czech Republic 57.2 Australia 62.7
Netherlands 58.0 Australia 56.7 Belgium (Fl) 61.8
Australia 57.5 Thailand 56.0 New Zealand 61.7
Germany 75.2 Switzerland 56.0 Greece 61.5
United States 57.1 Scotland 55.8 Canada 61.2
Canada 56.6 Spain 55.5 England 59.0
Israel 56.1 France 55.0 Ireland 58.5
Spain 55.9 Israel 54.7 Hungary 58.5
New Zealand 55.9 Germany 53.9 Iceland 58.2
International 55.4 International 53.5 Hong Kong 58.0
France 55.1 Bulgaria 52.9 Israel 56.2
Romania 54.8 Hong Kong 52.3 International 58.2
Hong Kong 54.1 Hungary 51.3 Russian Federation 56.9
Lithuania 52.9 Portugal 51.1 Denmark 55.9
Latvia 52.5 Iceland 50.1 Portugal 55.0
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Figure 5: continued

Greece
Scotland
Belgium (Fr)
Iceland

Iran
Portugal
Cyprus
Denmark
Kuwait
Philippines
Colombia
South Africa

52.3
51.9
50.8
50.1
49.3
47.9
47.2
45.8
42.1
40.6
39.7
27.2

Diversity & Structure

of Living Things
japan
Singapore
Hong Kong
Korea

Czech Republic
Netherlands
Bulgaria
Thailand
Sweden
Hungary
Austria
Australia
Germany
Russian Federation
Slovak Republic
Slovenia
England

United States

75.9
74.2
73.4
72.5
72.3
71.6
70.4
68.8
67.7
67.1
66.7
66.7
65.7
65.7
65.3
65.1
64.5
63.9

Belgium (Fr)
Denmark
Cyprus
Greece
Romania
Latvia

Iran
Lithuania
Philippines
Colombia
Kuwait
South Africa

48.5
48.5
46.3
453
44.5
43.1
41.8
40.5
40.0
38.9
38.8
27.6

Life Processes & Functions

Singapore
japan

Korea

Slovenia

Czech Republic
Thailand
Belgium (FI)
Bulgaria
Netherlands
Austria
Hungary
Russian Federation
England
Germany
United States
Australia
Canada

Israel

72.3
70.4
68.2
65.2
63.7
63.0
62.9
62.6
60.7
60.1
59.9
59.4
59.3
58.1
58.0
57.4
57.2
57.1

France
Scotland
Kuwait
Latvia
Cyprus
Belgium (Fr)
Philippines
Lithuania
Iran
Romania
Colombia
South Africa

53.2
52.7
52.5
52.4
51.7
49.3
48.3
48.0
47.5
45.5
38.5
28.8

Life Cycles & Genetics

Czech Republic
United States
England

Ireland
Netherlands
Israel

Belgium (FI)
Canada

Austria

Sweden
Norway
Scotland

Korea

France
Denmark
Russian Federation
Germany

Switzerland

81.8
81.2
80.4
79.6
79.3
79.0
78.9
78.4
78.3
78.2
78.1

76.5
75.9
75.7
75.6
75.5
75.5
75.1
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Figure 5: continued

Canada 63.3
Belgium (FI) 62.9
New Zealand 62.3
lceland 61.9
Spain 61.3
International 61.3
Switzerland 61.0
Israel 60.4
Belgium (Fr) 59.6
lreland 59.4
Norway 59.2
France 58.4
Scotland 57.6
Cyprus 57.5
Romania 56.0
Lithuania 55.7
Denmark 55.5
Greece 55.3
Latvia 55.2
Portugal 54.2
Iran 50.9
Kuwait 491
Colombia 48.4
Philippines 41.0
South Africa 32.0
Interactions of LivingThings
Korea 68.8
Singapore 65.6
Japan 65.0
Thailand 64.1
Hungary 63.1

Hong Kong
New Zealand
Ireland
Spain
Sweden
Slovak Republic
International
Switzerland
Norway
France
Romania
Belgium (Fr)
Greece
Scotland
Iceland
Portugal
Denmark
Latvia
Lithuania
Iran

Cyprus
Colombia
Kuwait
Philippines
South Africa

56.3
56.1
56.1
55.9
549
54.8
54.5
54.2
54.2
53.8
52.3
52.0
51.5
51.4
50.8
50.5
48.4
47.7
46.0
45.4
44.5
395
39.2
36.4
22.4

Human Biology & Health

Singapore
Czech Republic
Austria
Netherlands

Bulgaria

74.0
71.6
714
71.2
71.2

Japan
Bulgaria
Iceland
New Zealand
Hungary
Australia
Spain
Slovak Republic
Slovenia
International
Lithuania
Portugal
Singapore
Belgium (Fr)
Thailand
Romania
Hong Kong
Greece
Latvia
Cyprus
Kuwait
Philippines
Iran
Colombia
South Africa

Properties &

74.8
74.2
74.0
73.9
73.7
73.0
71.1
71.0
70.8
70.2
69.6
69.2
68.6
67.4
67.3
66.5
65.3
61.9
61.7
59.0
52.4
51.6
48.9
453
33.7

Classification of Matter

Japan
Singapore
Korea

Slovak Republic

Bulgaria

66.6
66.6
65.4
62.4
61.6
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Figure 5: continued

Australia 62.0 Japan 69.4 Czech Republic 60.4
England 61.5 Belgium (Fl) 69.3 Slovenia 58.4
Norway 59.9 Hungary 68.7 Netherlands 58.3
Canada 58.2 England 68.3 Belgium (Fl) 57.9
Czech Republic 57.6 Israel 67.6 Hungary 57.3
Slovenia 57.2 Germany 67.6 Sweden 57.2
Ireland 56.0 United States 66.8 Austria 56.5
New Zealand 55.9 Thailand 66.5 Hong Kong 56.4
Netherlands 55.8 Australia 66.5 Canada 55.7
Slovak Republic 54.8 Korea 65.5 Norway 54.8
United States 54.3 Ireland 65.4 Australia 54.7
Germany 52.9 Slovenia 65.3 England 54.7
Belgium (FD) 52.9 Canada 65.3 Germany 549
Spain 52.9 Sweden 63.9 Russian Federation 54.3
Russian Federation 52.3 New Zealand 63.7 New Zealand 53.5
Austria 52.2 Spain 63.2 Israel 53.5
Sweden 52.1 Russian Federation 63.1 France 52.3
Romania 51.5 Scotland 62.6 International 51.6
Scotland 51.1 Norway 62.6 Ireland 51.5
International 51.0 Slovak Republic 62.0 Switzerland 51.1
Israel 50.2 Iceland 61.5 Scotland 51.0
Iceland 50.2 Switzerland 61.4 Denmark 50.7
Switzerland 49.8 International 61.2 United States 49.9
Greece 48.8 Hong Kong 59.9 Spain 49.6
Denmark 48.0 Belgium (Fr) 57.4 Greece 47.9
Latvia 47.4 Portugal 57.0 Latvia 47.9
Portugal 47.3 Greece 56.9 Iceland 47.4
Hong Kong 46.6 Denmark 56.9 Cyprus 47.3
Iran 45.5 Romania 56.2 Portugal 47.2
France 44.8 France 55.7 Lithuania 47.0
Bulgaria 43.0 Latvia 53.9 Thailand 46.7
Kuwait 40.3 Lithuania 52.9 Belgium (Fr) 45.4
Belgium (Fr) 40.0 Iran 51.8 Romania 45.0
Colombia 37.4 Cyprus 50.9 Iran 39.1
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Figure 5: continued

Lithuania 37.2 Colombia 50.2 Kuwait 36.6
Cyprus 37.1 Kuwait 47.9 Colombia 36.1
Philippines 30.0 Philippines 411 Philippines 29.6
South Africa 20.9 South Africa 28.1 South Africa 28.2
Structure of Matter Energy & Physical Processes Physical Changes

Bulgaria 63.0 Singapore 71.2 Japan 66.7
Russian Federation 56.4 Japan 68.8 Singapore 63.1
Slovak Republic 54.9 Korea 67.2 Czech Republic 62.9
Hungary 53.9 Bulgaria 64.7 France 61.9
Czech Republic 54.2 England 64.1 Slovenia 61.8
Singapore 53.2 Netherlands 63.8 Israel 61.4
Greece 51.8 Austria 63.1 Sweden 61.3
Romania 51.0 Czech Republic 62.3 Slovak Republic 61.2
Spain 51.0 Belgium (FI) 62.2 Netherlands 61.1
Slovenia 50.0 Slovenia 61.2 Hungary 61.0
Lithuania 49.3 Australia 61.1 Norway 60.0
Austria 48.7 Slovak Republic 60.9 Austria 59.4
United States 48.2 Scotland 60.4 England 58.9
Israel 44.7 Hungary 60.2 Belgium (FI) 58.7
Sweden 42.7 New Zealand 59.9 Canada 58.5
Korea 42.1 Canada 59.9 Denmark 57.5
Japan 41.1 Hong Kong 59.5 Korea 57.3
Portugal 40.8 Israel 59.5 Australia 57.1
ireland 401 Germany 59.3 Russian Federation 57.0
Hong Kong 40.0 Switzerland 58.7 Iceland 56.4
International 39.6 Russian Federation 58.4 Switzerland 54.0
Australia 38.7 Ireland 58.0 Germany 53.6
England 38.1 United States 57.1 Thailand 53.2
Latvia 37.8 Norway 56.6 Spain 53.1
Canada 371 Sweden 56.6 Latvia 53.0
Colombia 36.1 International 56.4 International 52.8
Germany 35.2 Thailand 55.3 Lithuania 52.8
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New Zealand

Iran
Scotland
Norway
Thailand
Cyprus
Netherlands
France
Philippines
Switzerland
Kuwait
Belgium (FI)
Denmark
Iceland
Belgium (Fr)
South Africa

Chemical Changes

Singapore

Iran

Bulgaria

Korea

Hungary
Austria

Czech Republic
England

Japan

Australia
Russian Federation
United States
Slovak Republic
Ireland

Germany

34.5
34.0
319
319
30.6
30.4
30.0
29.4
28.9
28.6
28.0
27.4
26.1
25.0
24.6
22.2

73.5
67.2
66.6
65.9
65.4
65.1
64.2
63.7
63.5
61.9
61.8
61.4
60.9
60.8
60.7

Spain
France
Iceland
Greece
Denmark
Latvia
Belgium (Fr)
Iran
Lithuania
Portugal
Romania
Kuwait
Cyprus
Philippines
Colombia
South Africa

Forces & Motion

Czech Republic
Japan
Singapore
Netherlands
Korea

Hong Kong
Switzerland
Hungary
Slovak Republic
Slovenia
England
Sweden
Australia
Norway

Canada

55.2
54.6
54.4
54.2
52.2
521
51.9
50.6
50.2
49.4
49.0
47.6
47.2
41.3
38.6
28.6

78.1
73.6
73.4
71.2
69.6
69.4
68.8
68.7
68.4
68.4
67.6
67.5
67.2
67.1
66.3

New Zealand
treland
Cyprus

Iran

Belgium (Fr)
Scotland
United States
Hong Kong
Greece
Romania
Portugal
Bulgaria
Kuwait
Philippines
Colombia
South Africa

Science,

52.8
51.5
50.9
50.9
50.1
50.0
49.1
48.8
46.1
45.3
44.2
37.2
32.4
31.6
31.0
221

Technology & Society

Korea
Hungary
Netherlands
Sweden
Singapore
Belgium (FI)
New Zealand
Japan
Thailand
Ireland
England
Hong Kong
Scotland
Austria

Canada

743
73.3
67.4
66.9
66.4
65.2
60.4
60.1
59.2
58.2
57.2
54.8
54.6
53.0
52.5
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Israel 60.6 Germany 66.9 Switzerland 52.5
Slovenia 60.1 Austria 66.8 Norway 52.1
Canada 59.6 New Zealand 65.6 Czech Republic 51.9
New Zealand 59.4 Belgium (F) 65.2 Australia 51.5
Cyprus 59.3 France 63.8 Israel 51.3
Scotland 58.9 Denmark 63.5 Slovenia 50.3
Hong Kong 58.2 Belgium (Fr) 63.3 Iceland 50.1
Spain 58.1 Bulgaria 62.6 Denmark 49.6
Netherlands 57.6 Spain 62.6 International 47.9
Greece 57.2 Lithuania 62.5 United States 47.5
Sweden 57.1 Ireland 62.2 Germany 47.3
Portugal 56.3 Russian Federation 62.1 Slovak Republic 46.0
International 56.5 United States 61.3 Bulgaria 449
Belgium (Fl) 55.6 International 61.2 Spain 441
Switzerland 55.4 Scotland 61.1 Belgium (Fr) 43.6
Norway 53.4 Latvia 59.1 France 42.9
France 52.5 Iceland 57.7 Greece 42.4
Latvia 52.0 Portugal 56.2 Russian Federation 40.4
Thailand 50.9 Israel 54.9 Portugal 33.4
Kuwait 50.4 Thailand 56.4 Kuwait 32.2
Romania 50.3 Romania 53.7 Iran 31.6
Lithuania 50.1 Greece 53.6 Latvia 31.2
Iceland 49.4 Cyprus 46.1 Romania 29.7
Belgium (Fr) 46.8 Iran 453 Lithuania 29.6
Denmark 42.5 Colombia 41.7 Cyprus 29.4
Philippines 36.1 Philippines 40.3 Colombia 28.6
Colombia 32.9 Kuwait 395 Philippines 22.9
South Africa 29.2 South Africa 30.8 South Africa 12.4

Environmental & Scientific Process

Resource Issues

Singapore 73.1 Singapore 74.6

Thailand 70.1 Korea 64.2

Ireland 67.7 Netherlands 65.2
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England
Australia
Netherlands
Korea
Bulgaria
Japan
Canada

New Zealand
Scotland
United States
Belgium (FI)
Czech Republic
Spain
Norway
Austria
Slovenia
Hong Kong
International
Sweden
Israel

Greece
Slovak Republic
Switzerland
Germany
Hungary
France
iceland
Colombia
Cyprus
Russian Federation
Portugal
Denmark
Kuwait

Romania

67.2
64.7
65.1
62.7
62.1
61.7
61.5
61.4
60.2
59,9
59.7
59.1
58.6
58.2
56.6
53.7
53.3
53.0
51.8
51.6
51.6
50.8
50.3
50.1
49.4
48.5
47.8
47.4
47.3
46.8
459
44.9
43.1
419

Slovenia
France
Bulgaria
Czech Republic
Australia
Japan
England
Canada
United States
Hungary
Hong Kong
Belgium (Fl)
New Zealand
Belgium (Fr)
Slovak Republic
Austria
Thailand
Scotland
Germany
Latvia

Israel
Switzerland
International
Sweden
Ireland
Norway
Greece
Russian Federation
Spain

Iceland
Denmark
Cyprus
Portugal

Lithuania

62.9
62.2
62.1
60.7
60.6
60.1
60.0
59.2
58.9
57.3
57.2
56.9
56.7
56.6
56.3
55.4
55.3
54.9
53.4
53.2
51.8
53.3
53.1
52.4
52.1
52.1
51.8
51.2
49.6
49.4
49.2
48.4
47.6
44.3

Figure 5: continued
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Latvia 41.9 Romania 42.4
Iran 39.5 Philippines 37.3
Belgium (Fr) 39.2 Kuwait 37.0
Philippines 37.8 Iran 36.2
Lithuania 36.0 Colombia 34.7
South Africa 27.3 South Africa 23.7

Mathematics Topic Areas Related to Science
A similar discussion of achievement in the specific topic areas of mathematics can be
found elsewhere (Schmidt, McKnight, Cogan, Jakwerth, & Houang, 1999). We focus
here on that part of the mathematics achievement results especially germane to science
achievement. Because much of science depends on the ap-
The worst areas of propriate measurement of physical phenomena, the knowl-
performance in edge eighth-grade students possess of measurement topics
would be critical for science learning, especially as labora-
tory experiences become more a part of the curriculum. The
U.S. eighth-grade worst areas of performance in mathematics for U.S. eighth-
students relative to | grade students relative to the rest of the TIMSS countries were
the rest of the TIMSS measurement anq geometry. The relatively poor performance
) in measurement included topics other than just measurement
countries were units and, therefore, suggested a general weakness in mea-
measurement and | surement-related knowledge that could have a profound im-

pact on science learning.

mathematics for

geometry.

Curriculum Makes a Difference

A major conclusion to draw from the data presented above is that the fourth- and eighth-
grade performances varied depending on the specific content area. U.S. performance was
far from monolithic, as was also the case for virtually all other countries. U.S. students
performed much better in some areas of science than in others. In fact, in some areas,
such as “earth processes” and “earth in the universe,” U.S. students were among the top
tier of performing countries. In one area at eighth grade, U.S. students were virtually at
the top, statistically outperformed by no other country—an area of biology focusing on
life cycles and genetics.

The story is simple: U.S. science performance had both strengths and weaknesses.
An understanding of the U.S. performance in science demands a more careful examina-
tion of these data. This leads to a more sophisticated understanding of the strengths and
weaknesses of U.S. curricula and instructional practices. One conclusion is clear from a
discussion of these results: curriculum does matter (Schmidt, McKnight, Cogan, Jakwerth,
& Houang, 1999). It is difficult to imagine that curriculum does not matter when con-
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fronted with data in which no one country dominates performance in all areas of the
curriculum and in which a country’s performance in one area of the curriculum can be so
radically different from its performance in another area. (Bulgaria having the number one
ranking in the “structure of matter” but being 36th in the rankings in “physical properties
of matter” is a good example.)

The U.S. Science Curriculum

There is no single intellectually coherent vision that dominates U.S. practice in sci-
ence. We as a nation do not have a coherent view of what we want children to know in
science. Why is this remarkable? Because most other nations of the world have such a
vision. That vision is reflected in their national standards and curricula. Why is that
important? If the vision at the core of the system is coherent, then it can be argued that
the system itself has a chance of being coherent. If, on the other hand, the vision is
fragmented or splintered, then the system is not likely to be coherent (Schmidt,
McKnight, & Raizen, 1997).

A Lack of Focus

The U.S. curriculum lacks serious focus. It tries to cover .
many more topics each year, compared to the rest of the lacks serious focus.
TIMSS countries. This is not a new idea, as science reform- It tries to cover

ers have long talked about how a pared focus—a “less is
more” approach—is needed. What is new is the empirical
evidence that actually shows that among the TIMSS nations, each year,

the United States stands out in terms of how many topics we | compared to the rest
expec.t children to leam.ln each grade (Schmidt, McKnight, of the TIMSS

& Raizen, 1997). That is true for the state frameworks that .
define the official intentions of what children should learn. countries.

It is also true for textbooks, and it is true in terms of what is

actually taught by teachers in the classroom. U.S. teachers teach more topics than is
the case in most of the other TIMSS nations (Schmidt, McKnight, Cogan, Jakwerth,
& Houang, 1999).

This lack of focus can be illustrated throughr textbooks. Science textbooks from
approximately 50 countries were content analyzed line by line (Schmidt, Raizen,
Britton, Bianchi, & Wolfe, 1997). Figure 6 (Schmidt, McKnight, & Raizen, 1997)
shows the distribution of the number of topics in science textbooks over the sampled
countries. There are three grade levels represented. They are the ones that corre-
spond to the TIMSS-tested grades: population one, which is fourth grade in the United
States; population two, which is eighth grade; and population three, which in the
United States are the 12th-grade students taking advanced physics.

The rectangle in Figure 6 represents the distribution. The 25th percentile and the
75th percentile are the two ends of the rectangle, and the black line in the middle is
the 50th percentile. U.S. textbooks have more topics in them than do any other TIMSS

The U.S. curriculum

many more topics
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Figure 6: Number of U.S. texthbook topics compared to International distribution
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country’s books. This is true at fourth, eighth, and 12th grade—implying a cultural
phenomenon that is not idiosyncratic to a particular grade level or to a particular
subject matter (see Schmidt, McKnight, & Raizen, 1997, for an analysis of the math-
ematics textbooks). To illustrate the magnitude of the difference, at eighth grade
approximately 65 topics on average are found in U.S. science books, compared to
around the 25 typical of other TIMSS countries.

The U.S. science textbooks analyzed were discipline-specific textbooks. There
were earth science books, life science books, and physical science books. A remark-
able finding from the content analyses of these books was that the content profile of
each book was not restricted to topics defining the discipline used as the title of the
book. In fact, these books covered topics from all four of the disciplines (earth sci-
ence, biology, chemistry, and physics) in spite of the title of the book. U.S. science
textbooks resembled general science books, in spite of their titles. They play a major
role in the splintering or fragmenting that occurs in U.S. science education. U.S.
eighth-grade science textbooks were 700 pages long, hardbound, and resembled en-
cyclopedia volumes. By contrast, most other countries’ textbooks were paperbacks
with around 200 pages (Valverde, Bianchi, Schmidt, Wolfe, & Wiley, in press).

A Lack of Coherence

The U.S. curriculum is not very coherent. Science is about big ideas—theories that
connect facts and integrate ideas even across disciplines. Yet, when one looks at U.S.
state frameworks and textbooks, they are like long laundry lists of topics to be cov-
ered. Rarely in our analysis of these materials did we find the topics explicitly con-
nected into larger and more coherent wholes. The lack of explicit connections among
the major ideas likely impacts how students think about science, but just as impor-
tantly, it likely impacts how teachers think about science as a discipline. Teachers in
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elementary or middle school who do not have strong science backgrounds will view
science through those documents. If they are presented with a laundry list, then that
is what science is likely to be for them and how they are likely to teach it. They will
focus on a collection of topics, teaching them one at a time in an unconnected way.
Relatedly, the TIMSS video data revealed that this type of pattern characterized U.S.
instruction in eighth-grade mathematics (Stigler, n.d.).

A Lack of Rigor
The last characteristic of the U.S. curriculum has to do with the lack of intellectual
rigor, at least as defined internationally. Perhaps here one may find a strong hypoth-
esis as to why the United States’ relative performance in science declined from fourth
to eighth grade. Causality is very difficult to establish, especially from survey data,
but when one looks at the middle school curriculum, a very powerful potential expla-
nation for this drop in U.S. academic performance emerges.

The following empirical definition was used in TIMSS The U.S. curriculum
to define an international standard of rigor: If 70 percent of lacked a serious
the countries had a particular topic in their curriculum, and . .
it was in their curriculum for all students, then at least inter- intellectual r igor at
nationally the topic was considered basic and fundamental eighth grade, as
(Schmidt, Raizen, Britton, Bianchi, & Wolfe, 1997). defined by what

At fourth grade, what U.S. teachers teach is consistent with .
the TIMSS notion of basic. The TIMSS international stan- other countries
dard was a curriculum focusing on classification—the classi- intended for
fication of earth’s features, the solar system, animals, plants, coverage at their
and the organs of the body. It also focused on weather. Per- .
haps this consistency of U.S. instruction to the world stan- equa/en tof US.
dard is related to the strong U.S. performance at fourth grade. eighth 8r ade.

The middle school curriculum, from an international point
of view, shifted to a stronger focus on the physical sciences—chemistry and physics.
Biology was also present in many countries, but the topic shift was away from identi-
fying organisms and organs to the biological, physical, and chemical processes under-
lying the metabolic and other functions of living organisms. U.S. teachers, however,
reported teaching many of the same topics that were done in earlier grades, including
ecology, environmental science, and the classification of organs, animals, rocks, bod-
ies of water, etc. (Schmidt, McKnight, Cogan, Jakwerth, & Houang, 1999). This may,
in part, have reflected those topics with which they were most comfortable. The U.S.
curriculum Jacked a serious intellectual rigor at eighth grade, as defined by what other
countries intended for coverage at their equivalent of U.S. eighth grade.

Teachers and Teaching
In the past, when confronted with the relatively low international rankings of the
United States, the nation has often decided that the fault lay with teachers. Yet what
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the TIMSS results suggested is that teachers are simply doing what they have been
asked to do—trying to teach all officially intended topics while being supported by
materials that are a “mile wide and an inch deep” (Schmidt, McKnight, & Raizen,
1997, p. 62). The traditional response in the past has been that the way to make U.S.
public schools better is to improve the quality of teaching.

What does it mean to improve the quality of teachers or teaching? This political
or reform cry has little meaning and has had little success, we have argued, because
teachers don’t teach, they teach something, and public policy aimed at reform often
ignores the “something” by setting policy about the quality of teaching in the ab-
stract and without explicit reference to the content of the curriculum (Schmidt,
McKnight, Cogan, Jakwerth, & Houang, 1999). Attempts are made to improve teach-
ing without first addressing the issue of the vision from which instruction derives.
One of the implications of TIMSS was that in addressing the issue of teacher quality,
it is often approached in a backward fashion, trying to improve teaching without first
addressing the “what” of teaching—the subject matter.

The necessary but not sufficient condition for improving science instruction, we
argue, is to decide upon a focused, coherent, challenging, and rigorous vision or set
of standards. Those standards must clearly articulate what all students at each grade
level need to know and to understand conceptually. Additionally, those concerned
with education reform must help teachers understand the content undergirding the
standards, as well as the ways in which the subject matter can be meaningfully com-
municated to students so that they can conceptually understand it, solve problems
with it, and be able to use theories, principles, and facts derived from it. The latter
must, however, proceed from the former.

Teacher Beliefs About Subject Matter

What and how teachers teach are affected by their conceptions of the subject matter
disciplines defining science. A typology of teacher beliefs (Schmidt, McKnight, Cogan,
Jakwerth, & Houang, 1999) was constructed based on beliefs about the discipline itself
and about the discipline as represented in school. What follows are the definitions of
these typologies as presented by Schmidt, McKnight, Cogan, Jakwerth, & Houang (1999).

...[F]our categories were constructed empirically into which teachers could
be classified. The first group of teachers might be characterized as discipline-
oriented teachers, understanding “discipline” in the sense of subject matter.
Teachers in this group took a more formal, as opposed to a real-world, view of
their disciplines.... [These teachers] more often indicated that science was es-
sentially abstract, and that the “real world use” of [science] was less impor-
tant... [T]eachers in this group... more often indicated that creativity was not
particularly important in learning science.

The second group might be considered process-oriented teachers. In gen-
eral, they did not take a formal, abstract view of their discipline, but indicated

160



Defining Teacher Quality Through Content

that the real-world use of their discipline was important. They also tended to
emphasize creativity and to think about [science] more conceptually.

The third group shared most things in common with the first group, but were
more concerned with emphasizing the real-world use of [science]. This group
is perhaps best characterized as procedure-oriented teachers, concerned with
[science] as a discipline, but one that employs useful representations of the
real world. These teachers did not hold as consistently a formal view of their
discipline as was the case for discipline-oriented teachers.

The fourth group is quite different. They tended to indicate a high level of
importance for most things.... They preferred a more formal view of their disci-
pline.... Science teachers in this group did not view creativity as important.
Perhaps the most appropriate label for this group is eclectic teachers.... We
use “eclectic” in this sense of blending, without distinction, elements of all
approaches. They were both somewhat discipline-oriented and somewhat real-
world-oriented, but also seemed to favor more conceptual process-oriented
approaches in some cases (pp. 82—83).

U.S. science teachers for seventh- and eighth-grade students were distributed among
the four categories. Nearly half fell into the category of eclectic teachers. They viewed
science formally, but also emphasized the importance of real-world applications and
creativity. About half or more of the teachers from Australia, Spain, Singapore, Canada,
and Thailand fell into this category.

Less than 10 percent of U.S. 13-year-olds’ science teachers (8 percent) fell into the
discipline-oriented category. In contrast, about one-third of Japanese, Korean, Dutch, Ger-
man, Czech, and Belgian (Flemish) 13-year-olds’ science teachers fell into this category, as
well as around one-fourth to one-third of the teachers in most other TIMSS countries. Only
Canada, Spain, and Thailand had less than 10 percent fall into this category like the United
States.

Another 20 percent of U.S. science teachers at this level fell into the process-
oriented teacher category. In contrast, nearly twice as many (around 40 percent or
more) of the French, Swedish, Swiss, and Norwegian science teachers fell into this
category, but only around 10 percent of those from Singapore, Hong Kong, and Ger-
many did so.

About 50 percent of U.S. science teachers held a fundamentally formal approach to
science as it was to be presented in school (defined as the discipline-oriented and eclectic
teachers combined). The United States was not alone in its teachers’ orientation to for-
mal discipline, as Japan was very similar (58 percent). Others, such as Singapore, Hong
Kong, Australia, Israel, Germany, and Thailand, had 60 percent or more of their counter-
parts who shared similar views. The similarity between the U.S. and Japanese teachers
ended, however, at this global level. The largest proportion of both Japanese mathematics
and science teachers fell into the discipline-oriented category. Nearly one-half of U.S.
seventh- and eighth-grade mathematics and science teachers were in the category of
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eclectic teachers. Fewer than 25 percent of either science or mathematics teachers in
Japan were in the eclectic category that also emphasized a formal view of the discipline.

We propose that a teacher’s understanding and conception of subject matter is one of
the major aspects that defines teacher quality. A country can have a rigorous and chal-
lenging curriculum, supported by materials providing good pedagogy, but if the teacher
does not understand the science content, it is very difficult for the instruction to be good
instruction. On the other hand, we argue that teachers with a strong subject matter back-
ground will find it similarly difficult to provide good instruction in a country that lacks a
well-defined, rigorous, and challenging curriculum.

The science reform movements articulated by the American Association for the
Advancement of Science and the National Academy of Sciences encourage the devel-
opment of conceptual understanding and involvement in empirical data collection, in-

cluding the design of such studies and the associated analy-
A country can have | ses. What happens when such an approach is given to teachers
a rigorous and | whose background in science content is weak, we hypoth-
esize, is a separation of content and pedagogy (or the associ-
i ated processes). Such teachers do not understand the science
curriculum, | content, but they believe they understand the processes or the
Supported by pedagogy. The false dichotomization (false, because this is
not the design or intention of the reform) and the suppression
of the science content creates a set of instructional activities
good pedagogy, but |  that has children engaged in “neutered” processes, e.g. doing
if the teacher does such things as cooperative learning or manipulating physical
objects void of real science content. When such processes are
) o separated from the science content, the activities appear to be
science content, It IS | inane to parents, and their frustration with schools mounts
very difficu It for the | because their children are not learning science. This then cre-
ates the functional equivalent of “fuzzy mathematics.” The
) i biggest challenge for science reform efforts is to develop a
good instruction, process by which teachers may develop the subject matter
knowledge needed to support the standards so they can imple-
ment both aspects of current science reform—that is, meaningful science content pre-
sented in challenging ways that engage students not only in the factual aspects of sci-
ence but also at the more meaningful conceptual and problem-solving level. The key is
that the conceptual problem-solving aspect, together with the attendant pedagogical
approaches, must be imbedded in real science content.

challenging

materials providing

not understand the

instruction to be

Professional Development

We have argued that content knowledge is a critical component in the definition of
teacher quality. We further argued that content is critical to defining quality instruc-
tion. First, the vision that guides the educational system should provide a focused,
coherent, and intellectually rigorous set of standards (including both content and
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performance expectations). Such standards are the neces- Content knowledge
sary condition that provides a context that supports quality
instruction. Without such a focused and coherent definition, .
U.S. teachers continue to cope with a system guided by a component in the
splintered vision and supported by “mile-wide-inch-deep” definition of teacher
textbooks, themselves the product of an incoherent system. qua /ity.

This argues that effective teaching must be viewed and ad-
dressed in a systemic context. The call for a national consensus as a means of articu-
lating a coherent vision then should be viewed as addressing quality teaching as
well.

The second way in which content is critical is as a component of teacher quality and
relates to the content knowledge possessed by the teacher. A clearly articulated and
challenging set of standards can only set the expectations and provide a coherent con-
text. The delivery of the instruction is accomplished through the teachers’ knowledge
and understanding of the subject matter. Thus, both aspects of content are critical to the
definition of instructional quality—one defining the context in which it is delivered
and the other influencing the delivery itself.

Implied by TIMSS and supported elsewhere is the reality that many teachers,
especially in the elementary and middle grades, do not have strong science back-
grounds. Given the argument made in the previous paragraphs, the development of a
coherent set of standards is not enough. Something must be done to ensure a stronger
subject matter knowledge on the part of teachers. The long-term solution may be
certification requirements that are more stringent in terms of subject matter prepara-
tion and the corresponding requirements at the university level in terms of teacher
preparation.

Even under such ideal conditions, and especially in the current context, this will
not be adequate to address the content aspect of instructional delivery. It is here that
professional development becomes critically important. But given the expanded defi-
nition above of teacher quality, which includes not only pedagogical skills but also
content knowledge, this implies the need for an expanded conception of professional
development, one that focuses more attention on helping teachers acquire the subject
matter knowledge associated with the curriculum standards applicable to the grade
in which each teacher is teaching. Coupled with that preparation is the topic-specific
pedagogy that enables teachers to bring the content to the students in a meaningful
and engaging way that fosters both a deep and rich conceptual understanding that
engenders scientific reasoning, theorizing, and problem solving, as well as factual
and algorithmic knowledge.

Generic pedagogy (i.e., instructional practices not imbedded in science content),
such as the use of manipulatives or cooperative leaming, often the topic of current
professional development in the United States, is not what is needed. If content is an
important part of quality instruction and if teachers often lack such content specific
knowledge, then professional development should be geared to facilitate such an ac-

is a critical
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quisition and bridge the gap. Here again the systemic nature of professional develop-
ment is clear. Such professional development is really possible only if the content
goals or standards are common to the teachers for whom the professional development
is intended, for example, all sixth grade teachers in a district, state, region, or nation.
This, of course, is realistic only in the presence of clearly articulated standards.

So the systemic nature of teacher quality and the means of enhancing it—profes-
sional development—are dependent on a coherent vision, or set of standards and the
corresponding curricular materials and assessments that are aligned with it. It may or
may not take a village to raise a child, but it clearly takes a village to enhance quality
teaching and, through this, to educate a child.
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Such has been written during the last decade about the need for change in the
teaching and learning of science. The role of the teacher has become one of
facilitating instruction through careful preparation of a learning environment that
encourages real inquiry and offers quality opportunities for students to engage in
meaningful science learning. The emphasis has changed to students gaining an un-
derstanding of scientific concepts and being able to apply their knowledge and un-
derstanding in new situations and in the real world.

This paradigm shift in our thinking regarding the teaching and learning of sci-
ence has brought the need for new and better methods of assessment that can truly
show us what students know and can do in science. We have National Science Edu-
cation Standards to guide us as we begin to evaluate our existing science programs.
The Standards provide a road map that can assist us as we move toward the vision of
what a good science program can and should be for students. So what does this mean
tor the classroom teacher? How does one come to understand this new role in teach-
ing as presented in the Standards? What is the role of assessment and how can we
determine what students know and can do in science? How can student achievement
data assist the teacher in modifying teaching practice? What is the role of profes-
sional development in this process? These are a few of the questions that [ hope to
discuss in this writing.

First, [ wish to describe my own professional growth as an elementary teacher,
and how my own practice changed because of what I came to believe about the
teaching and learning of science. Perhaps my experiences will assist others who
teach children, as well as those who teach teachers. I tell the interns and student
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teachers with whom I work that a degree in education is merely preparation to enter
the teaching profession. I am explicit in telling them that good teachers evolve over
a lifetime and that their journey in this process is one that never really ends until they
cease to be a teacher.

It took me many years, a multitude of people (including my students), and many
diverse experiences to get to where I am now. I still have a long way to go, but my
excitement for teaching grows every year with each new group of students assigned
to my care. Additionally, 1 find that the more I learn along the way, the better pre-
pared I become in meeting the challenges of the classroom today.

For me, the greatest change in my teaching has been in the area of science. Per-
haps it is because this is where I had the greatest need for change. I used to be one of

those teachers who read the chapter, discussed its content
For me, the greatest with students, and assigned the questions at the end of the
. chapter. Occasionally we did an experiment, step by step, as
change in my | girecied by the textbook. I ended the chapter by giving a test
y the textbook. I ended the chapter by giving a tes
teaching has been to find out what my students had been able to retain—not
in the area of what they understood or could do. I cannot assume all the
. h it responsibility for this ineffective teaching or the lack of
science. Perhaps i meaningful learning on the part of my students. This ap-
is because this is proach is what had been modeled for me as a student in
where | had the elementary, junior high, and senior high school, and even in
my instructional methods classes in college. We tend to teach
how we were taught, and that is what I did.
Change. It was later in my teaching career—and due, in part, to
effective professional development that modeled hands-on
experiential teaching—that I risked taking my first steps toward constructivist science
teaching. The first step was being willing to take the risk, because I believed that my
students could learn best by doing science. I began to discover the power of providing
quality opportunities for children to engage in scientific inquiry. It became clear to me
that children want and need to understand how their world works. I learned that expe-
riential science is the hook that grabs their attention and nurtures the natural curiosity
that they so enthusiastically bring with them to school every day. I then began to seek
ways to teach more effectively and more efficiently by using science as the content
through which I could integrate the basic skills of reading, writing, and mathematics. It
is the science content that excites children and motivates them to write about their
experiences. Their innate curiosity motivates them to read books to find out more about
an idea or a concept they are exploring. I have seen young children spend endless hours
searching through books and periodicals, determined to find out more about a concept
experienced first-hand through scientific investigation. I know of many times when
young children could scarcely wait to write about what happened during a science
experiment, to draw a sequence of pictures to communicate observations, and then to
share them with other students.

greatest need for
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Two Challenges

My first challenge for those who conduct professional development, then, is to tum
teachers onto science—to excite them to value science learning by engaging them in
quality opportunities that model experiential teaching and constructivist learning. One
cannot simply tell teachers about the importance of science learning or that science is
best learned through a constructivist approach: They must experience for themselves
the excitement and wonder of learning new things. By becoming the learner and con-
structing their own understanding of scientific phenomena, teachers can begin to value
such learning for children and can begin to understand this new role of teachers as
facilitators of instruction. Professional development must begin where teachers are.
They must first experience and embrace this new way of teaching and learning science
before they are open to changing their practice.

I participated in a very effective two-week professional development institute for
teachers in environmental education. The staff consisted of university professors who
assisted with the content knowledge and teacher consultants who worked with partici-
pants, shared their expertise, and served as group leaders during peer teaching ses-
sions. We spent part of the two weeks in classroom discussion, but many days were
packed with field experiences with teachers actually doing science. For example, teachers
spent one day participating in a field and stream experience with participants making
observations, collecting data, and doing the kinds of investigations they could later do
with students in their classes. Teachers worked in pairs, collecting and describing wa-
ter samples; measuring the temperature of the stream water;
measuring the width and depth of the stream in various loca- Professional
Fions; and observing, describing, and comparing the organ- development must
isms found in the stream. During the afternoon, teachers ex- .
plored a heavily wooded site looking for and comparing beg’ n where
organisms within habitats, making rubbings of a variety of teachers are. They
textured materials, measuring and comparing shadows at vari- must first
ous times of the day, and graphing the kinds of ferns found in .
the area. The following day, participants returned to the class- experience an d
room and used the data collected on Venn diagrams to write a embrace this new
comparison of two organisms found in the field or stream. way of teach ,‘ng and
Questions during the sharing of their writings led to addi- . .
tional small group work to find answers. These teachers were learni hg science
engaged in inquiry and meaningful science learning. Their before they are
enthusiasm, comments, and evaluations made it clear that they open to chan g in g
would offer similar opportunities to their students. . .

Such professional development takes time and cannot their practice.
be achieved in a few short sessions. Additionally, teachers
must feel supported as they risk changing their practice. They must be encouraged to
“hang in there,” especially when they become discouraged and frustrated. They need
immediate support and feedback, whether it comes from another teacher or an ad-
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ministrator. They need to feel that they are not alone in this process of teaching and
implementing change.

This brings me to my second challenge for professional development—inclusion
of administrators. Administrators must know and understand how science teaching
is changing and be able to recognize and value scientific inquiry when they see it.
They, too, must be partners in the teaching and learning process by helping to locate
necessary resources and providing teachers with the plan-
ning time needed for quality science instruction.

must know and Several years ago, I was involved in planning staff devel-
understand how opment for middle school teachers to learn how to use LEGO
. .. Dacta to teach problem solving and critical thinking. Because
science teachi ng Is of the cost of such a program to a school and the need for

C hanging and be teacher support, each participating school was required to send

able to recogn ize a team consisting of a teacher, a student, a parent, and an ad-
ministrator. Each team worked together to build their “ma-
chine” and then programmed their computer to operate it. The
inquiry when they dynamics were amazing as the team members worked together
see ft. to determine why their machine would not operate according
to their plan. Through a process of sharing ideas, they revised
their plan and tested it. It was obvious that the teams were eager to implement the new
program in their schools. Teams were then asked to meet to develop an implementation
plan. After six weeks, a follow-up session brought them back to share the results. Par-
ents had not only used their new skills to volunteer their assistance in the classroom
with this new program, but they had been successful in seeking additional funding from
PTA and civic groups to purchase more materials. Likewise, administrators volunteered
their time with students and, whenever possible, had arranged for changes in schedul-
ing for teachers who needed additional planning and computer time for program imple-
mentation. Students attending the training had served as peer teachers, thus freeing the
teacher to work with groups needing special assistance. Additionally, parents experi-
enced the importance of critical thinking and problem solving in science learning.

Administrators

and value scientific

The Role of Assessment
Let us assume that all teachers value experiential science and are willing to take
initial steps toward constructivist teaching. They have a strong, developmentally
appropriate curriculum with a clear, constructivist philosophy. Let us also assume
that because they have the support of administrators and parents, they have the time
for planning and the necessary resources they need to embark on this exciting jour-
ney in science teaching. Where and how do they begin? How will they know what
their students learn and can do as a result of their school science program? Where
and how does assessment fit into an inquiry-based science program?

As my own skills grew in constructivist teaching, I became increasingly aware of
the need for change in how I assess student learning in science. I began to see the need
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to begin instruction with assessment in order to gain a clearer understanding of what
my students know and understand (or don’t understand) before I begin to plan for their
learning. For example, my students spend the better part of a semester learning about
life cycles. We begin this in-depth study by investigating plants and seeds and later
move on to different kinds of organisms. Before I begin to plan for their instruction, we
gather as a class and [ ask them to tell me what they know about seeds. They enthusi-
astically volunteer answers to my question. Usually, they tell me that seeds have differ-
ent shapes, sizes, and textures and that seeds grow and need certain things, such as
water, soil, and sun. Together we make a chart listing everything they know about
seeds, including any misconceptions that they might have. I make no value judgments;
I simply add their statements to our chart. I know that we will revisit this chart often as
we learn about seeds, always checking to see if what we found out supports what we
thought we knew. As we discuss, sometimes one student will challenge the thinking of
a peer; sometimes, a child will express disbelief in what another child says. I encour-
age challenge and skepticism because from such interaction, I can determine which of
my second-graders are developing scientific attitudes and dispositions. I can also as-
sess what my children know before I start to plan specifically for their instruction, as
well as any misconceptions that must be addressed. This in-
formation is invaluable as a tool in planning for science learn- As my own skills
ing.

My next step is to ask students what they want to find .
out about seeds. Here, the sky is the limit. They usually want constructivist
to know if seeds can grow without water or soil. Sometimes teach ing/ | became
they want to know the biggest seed and the smallest. They
may want to know if all seeds will grow or how they will
change. Such questions shape my teaching by providing me of the need for
with questions students want to have answered—insights change in how [
into their interests. These questions may later provide in-
quiries for small-group planning of investigations to find o .
answers. I also can make decisions about how I might group learni ng in science.
children for small-group work.

grew in

increasingly aware

assess student

When to Assess
Assessment prior to instruction is essential. Not only does it help me to plan for in-
structional needs, but it saves valuable time. I do not need to teach those things that
students already know and understand. I like doing this as a whole-group activity,
because 1 can observe group dynamics and social interactions. Also, one child’s think-
ing might stimulate and challenge that of another child. Sometimes a shyer student will
be stimulated to contribute. In my classroom, we applaud risk taking. I work hard to
establish a climate that says it is okay to answer without fear of saying the wrong thing.
I have learned that assessment must also occur on a daily basis if I am truly to
plan for children’s learning and to build on prior understanding. This does not mean
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that I formally assess children’s learning every day. Rather, I use a variety of meth-
ods to gain insights into what they know and can do at that particular time before I
plan how and in what direction I must proceed. Teacher observations, student journal
entries, scientific data collections (such as charts, graphs and diagrams), small-group
discussions, student-designed models, reports, and student drawings are all ways to
) check into student understanding and provide valuable in-
It is student sights in planning for future learning.

achievement data For example, after my class investigated plant parts to find
seeds, students planted the seeds, tracked their growth, and
‘ o observed the germination and development of roots, stems,
making decisions | ieaves, and tendrils. Students then experimented to find an-
about when my | swers to their inquiries. Later, we applied what we had learned
by planting a raised garden bed just outside our classroom.
students are ready The children planned what seeds they would plant and brought
to move on 10 a | in a variety of seed packets from home. After we examined
new concept. the seed packets, noting the kinds of information we could
learn about planting the seeds, I planned an art integration
project by having students create their own seed packets. I provided them materials,
and they eagerly drew plants on their seed packets depicting the kind of seed inside and
writing directions for planting the seeds. It was my plan to display these on a bulletin
board outside our classroom. When the children finished, I mounted the packets on
construction paper. I read their directions as a quick check on writing progress and to
assess their knowledge of planting seeds. The colorful drawings on the packets indi-
cated that several of the children had chosen beets, carrots, and radishes growing in a
garden similar to the one we had planted. However, the carrots, beets, and radishes
were growing on top of the soil, rather than under the ground. Then I realized many of
the children did not understand how these plants grow. They did not understand that a
carrot, for example, is a root that we eat. I modified my plans for the next day to
provide time for students to plant carrots, radishes, and beets in our garden. Once these
seeds germinated, my students would track their growth and begin to replace their
misconceptions with more accurate scientific information. Sometimes achievement
data comes in a variety of packages and takes us by surprise. We simply have to be

open to recognize it when we least expect to see it.

I want to emphasize the importance of ongoing assessment. It is student achieve-
ment data that guides me in making decisions about when my students are ready to
move on to a new concept. That does not mean that learning is concluded, for there will
be many times throughout the remainder of the year when as a class we will revisit
prior learning—applying, integrating, and making connections to new concepts.

that guides me in

What to Assess
Much of what I have read about assessment discusses the need to assess that which we
value. [ value the following things, but not necessarily in the order I am listing them.
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First, I value content knowledge and understanding. Content is important. After all, we
cannot ask children to process nothing. Content is probably the easiest to assess. If T
ask a short-answer question, I usually ask children to explain their answer, or to tell me
how they know what they know. This way I can assess not only children’s ability to
think and reason, but also their ability to communicate their thinking. Additionally, 1
can gauge whether or not a child is learning to rely on data to verify scientific explana-
tions. For young children who have not yet developed good writing skills, T often do
interviews, asking questions and seeking explanations to gain insights into a child’s
thinking and understanding.

For example, once I asked students to use a Venn diagram to record objects that
sink or float. In their trials, they learned that some objects do both depending on how
they place them in the water. They recorded these objects in the intersecting lines of the
circles. Kenny, a special needs child with writing skills far below grade level, could not
accomplish this task. In his persistence to record his findings, he drew a picture of each
object, being careful to draw them in the correct location on the Venn diagram. He
clearly understood the concept, and I observed his strong determination to find a way
to communicate his findings.

The second area that I value in assessment is process. Process is very important to
me because this informs my instruction as I learn what a child can actually do. For
example, I spend a great deal of time planning for instruction in measurement at the
beginning of the year. I maintain a measurement center throughout the year with changing
tasks for students to do during center time. Measurement tools are always available in
this center for students to use on their own. Not only do students learn how to measure
length, weight, volume, and temperature, but also they learn which tools to use and
how to use them appropriately. Exact measurements are of less importance than cor-
rect process.

Teacher observations and notes in student portfolios concerning progress in mea-
surement are ongoing throughout the year. Such data helps me to plan for those stu-
dents who need particular help in one or more areas. Once students have had sufficient
experience in measuring, I administer a performance assessment to find out what each
child knows and can do. One task is to measure the temperature of a liquid in a cup. As
the student performs the task, I observe carefully and gather data according to the
clearly defined rubrics that I have developed for this task. As I develop the rubrics, 1
must first determine what it is that I want the child to know and be able to do. Then I
divide the task into the various steps through which the student must progress to dem-
onstrate competence. For example, the student scores a one for selecting the thermom-
eter for measuring temperature. The student scores a two for placing it in the liquid
correctly and allowing sufficient time for the alcohol to stop moving in the thermom-
eter. If the child continues to hold the thermometer in the liquid while reading the
temperature, then a score of three is given. Finally, if the child reads the temperature
correctly, allowing a range of plus or minus two degrees as a correct answer, a score of
four is given. So a child can actually miss the reading on the thermometer by three or
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Although forma | | more degrees and still get a score of three out of four for the
correct choice of a tool and the correct process. If I find that a
significant number of my students are having difficulty with
valuable | , particular portion of the task, then perhaps I did not thor-
information about | oughly or effectively teach the skill or concept. I then revise
my plans and take a modified approach to teaching the skill
) or concept in a difterent way. If I find just a few students with
informal | the same difficuity in completing a task, then I plan for the
observations of my small group to have additional experience to acquire the skill
or to understand the concept.
. I use the same process assessment for measuring weight,
provide even | volume, and length with different rubrics used for each task.
greater ,'nsjght into When I have finished, I have a clear picture of what each
student can do and how I must proceed in planning for spe-
) cific needs.
understanding of A third area that I value in assessing science learning is
the concept. that of the child’s ability to apply his or her understanding
of a concept learned. In my classroom, I sometimes do this
by a formal assessment and sometimes by a more informal teacher observation. In
the concept and process of measuring weight, a formal assessment might take the
form of the previously mentioned task of finding weight. Although formal assess-
ments provide valuable information about student learning, informal observations of
my students often provide even greater insight into student understanding of the
concept. The following example will explain why I believe this to be true.

One day Katie brought her hamster to school to show during our morning sharing
time. It also happened that I had a furry teddy bear hamster named Edison in our
classroom animal center, cared for by the children on a daily basis. Katie eloquently
detailed how she had acquired her new hamster, how she had decided on a name for it,
and the kind of care the hamster required. Later that same day, some of the children
were crowded around Katie and her hamster during center time. One of the children
asked which hamster would have more weight—the one belonging to Katie, or Edison,
the classroom pet. After a brief argument, one of the children suggested that Edison
weighed more because he looked bigger than Katie’s hamster. Another child argued
that Katie’s hamster would have more weight, because Edison was a different kind of
hamster with longer, fuzzier hair that only made him appear to weigh more. After a few
minutes of heated discussion, Katie marched over to the measurement center, located
the scales, and placed her hamster in one of the balance pans. Kevin, who was holding
Edison, quickly placed him in the other pan. The children watched as the pan with
Katie’s hamster lowered. “There,” several of them shouted. “We were right! Katie’s
hamster weighs more.” “How much more?” asked another child. Katie picked up a
paper clip and began to add one at a time to Edison’s pan until both pans balanced.
Then she carefully removed the last paper clip she had added, checking to see if the

assessments provide

student learning,

students often

student
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pans were more balanced with or without the final paper clip. She made her decision
and placed it back in the pan. “About eight paper clips,” she announced. “That’s about
eight grams.”

I watched in amazement from my desk, scribbling a few notes in Katie’s portfo-
lio. I clearly could see that she understood how to weigh objects and when it was
appropriate to do so. I could see that she understood how to use the balance scales
to compare the weight of one thing with another. Katie also remembered that we
had begun measuring weight by using nonstandard, uniform weights and that a
paper clip weighed about one gram. When asked how much more her hamster
weighed than Edison weighed, she knew how to add weights to the lighter pan
until both pans were balanced. A teacher must always be open to opportunities to
assess student learning. I used what I learned about Katie’s understanding of mea-
suring weight to place her in a small group as a peer helper to other students having
difficulty with this concept.

Sometimes my assessment of student application of knowledge is more formal
and planned. For example, the first half of the year my students study interaction and
systems. One of the concepts they investigate is electrical interaction. In groups of
two, they construct electric circuits and identify the evidence of interaction within
the circuit. They build on this understanding as they investigate open and closed
circuits and identify various objects that can close the circuit. To assess their under-
standing I ask each child individually to choose what they need from the materials
provided and to construct a closed circuit. Once they have successfully constructed
their circuit, I ask them how they know the circuit is closed. They generally identify
the movement and hum of the motor, or the lighted bulb, depending on which objects
they chose from those provided. I use the same procedure to see if they can demon-
strate an open circuit. I then give them a bag containing a variety of objects and ask
them to test the objects and place them in two piles—objects that can close the cir-
cuit and those that cannot. One of the objects for testing is a clothespin made of both
wood and metal. Some children test the clothespin by touching the wood or the metal
and then placing it in one of the two groups. Other children will test it both ways,
first using the metal and then the wood. They announce to me that it can close the
circuit depending on how you test it, because it is made of two different materials—
wood and metal. I can clearly see that these children show persistence in their inves-
tigations and the ability to think and reason based upon evidence.

This brings me to the fourth area that I value and attempt to assess in children’s
science learning—attitudes toward science and the development of scientific atti-
tudes and dispositions. Through careful observations, I can gather data to help me
determine if a child shows interest in voluntarily undertaking science activities be-
yond his or her day at school. Every morning we begin the day with an opportunity
for sharing something new or noteworthy. Often items brought in for sharing include
a rock collected from a special (or not-so-special) place, a feather found outside
while playing, or an insect in some form of its life cycle. Occasionally, children
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bring or tell about a salamander, a frog or toad, a science picture from a recently read
book, a science program watched on television, or an article from the newspaper.
Then I know that they are keen observers and that their interest extends beyond the
classroom. I celebrate their skepticism when I do a discrepant event and then chal-
lenge them to ask yes-or-no questions of me until they can figure out what happened.
As they do so, I can clearly see those who persist in asking questions until they arrive
at a reasonable explanation. I can also observe creative thinking and students’ abili-
ties to make scientific inferences. It matters to me when students collect data and I
see them explain their findings based on observations and the data they have gath-
ered. By using a simple checklist, I can quickly note when a child has exhibited one
or more of these attitudes. I can track students who have poor social skills and con-
tinually have difficulty working with a partner or with a small group. I then modify
instruction by offering more opportunities for those children to work in small groups,
to share materials, and to collaborate in their investigations. I may even arrange for a
student to work alone or with just one other child until social skills have improved.

Assessment Embedded in Teaching
How then can professional development help teachers to learn how to use student
achievement data to modify teaching practices? Let’s assume once again that teach-
ers value providing the kind of opportunities for science learning outlined in the
National Science Education Standards and that they have taken the initial steps to-
ward the kind of science teaching called for in the Standards. We are now ready to
move forward in helping them to understand that assessment and teaching are so
closely tied together that they are inseparable. We must begin with where teachers
are: What do they know and believe about the teaching and learning of science? Are
they ready to take beginning steps toward this new way of teaching science? If so,
then we must begin to look at assessment practices as a critical part of teaching.
Many elementary teachers are generalists, and because they teach all subjects,
their knowledge base is more general rather than specific. They are often afraid to
teach science for fear of not knowing enough content. Often they come into the
classroom without the preparation and self-confidence they need to teach science.
Perhaps their student teaching experience did not offer many opportunities to ob-
serve or to model effective strategies in teaching science. A strength that many el-
ementary teachers bring to the classroom is that of knowing their students and under-
standing their students’ development. For me, the beauty of elementary teaching lies
in being able to plan for the child’s total educational needs. I can nurture a child’s
strengths while helping him or her to overcome weaknesses. A classroom is a com-
munity of learners. The learner and teacher share the responsibility for learning. |
can integrate learning and help children use new skills and make connections be-
tween content areas, and relate their knowledge and understanding to the real world.
For example, when my students eagerly harvest lettuce, radishes, and onions from
the garden they have planted to make a tossed salad, they understand the value of
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learning about plant life cycles and how it is useful to them Meaningful science
in real life. learning comes

My own professional growth has come from a variety of
sources. The most meaningful growth has not come through thr Ough Carefu”y
the kind of workshops that teachers like most to attend—work- p/ anned,
shops filled with a variety of activities to do on Monday morn- develo pmenta | /y
ing. We will never realize the Standards with fun activities .
that simply fill the day. Meaningful science learning comes appropriate
through carefully planned, developmentally appropriate in- instruction that
struction that provides for in-depth learning of fewer concepts. p rovides for in-
Such learning should be coupled with appropriate assessment .
that measures what we value most—a child’s understanding dep th learn ing of
of content, a child’s ability to do science, and a child’s under- fewer concepts.
standing of how to make a new application of a concept on
his or her own. Teachers must learn that assessment is a critical part of the teaching
process; it is ongoing and extremely important to one’s ability to plan effectively for
each day’s science learning.

Final Challenge

The greatest challenge, in my opinion, for those doing professional development of
teachers is to engage teachers in the same inquiry-based, experiential learning pro-
cess as that of our students—to get them hooked on science. Only then will they take
that first step toward constructivist teaching. The second step will lead them to con-
sider the effectiveness and efficiency of integrating the skills of reading, writing, and
mathematics into the teaching of science concepts. In some states, this will be more
difficult than in others. Some states have identified science as basic to children’s
education and expect teachers to teach science on a regular basis to all students.
Other states have placed educational priorities on reading, writing, and mathematics
and (perhaps, unknowingly) have allowed science and social studies to suffer. Sci-
ence end-of-course testing has been eliminated in some schools, and teachers are not
held accountable for science learning in the same way they are held accountable for
other curriculum areas. I was pleased to discover that the National Board for Profes-
sional Teaching Standards has placed a high priority on science teaching and learn-
ing by making it a part of certification as an Early Childhood Generalist and Middle
Childhood Generalist.

In summary, all teachers must come to value science and experience the power
of inquiry in motivating children to learn. Teachers can learn to integrate the skills
of reading, writing, and mathematics with science content and process for efficient
teaching that truly maximizes students’ learning. Teaching and assessment are in-
separable. We should use appropriate assessment to measure what we value in
science—content, process, application, and scientific attitudes and dispositions.
Assessment strengthens teaching when used as a tool for planning for science learn-
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ing. Teachers need ongoing professional development that allows them to build on
their content knowledge. Additionally, professional development must model for
teachers how to teach and assess science. There must be continual follow-up, along
with administrative and community support. Teachers must have the time to col-
laborate with each other as they begin to change their practice. Only then will our
nation’s classrooms reflect the vision of the National Science Education Standards.
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Issues in Science Education: Professional Development Planning & Design

Issue Matrix (see numbered descriptions below)
Chapter  First Author 1 2 3 4 5 6 8 9 10| 11
1 Bybee, R. X X X X X
2 Loucks-Horsley, S. X X X
3 Lederman, N. X X X
4 Gilbert, S. X X X
5 Collins, A. X
6 Gadsden, T. X X
7 Texley, |. X X X
8 Gess-Newsome, . X X X
9 Kahle, J. X X X X X
10 Keurbis, P. X X X X X X
11 Jorgensen, M. X X
12 Schmidt, W. X X
13 Sink, J. X X X

Online learning

A variety of new online delivery methods are available for professional

development. They allow presentation to diverse audiences, provide

resources beyond the range of any program planner, and are easily
accessible. As in all delivery methods, there are good and bad ways to use
online instruction. For discussion of the variety and use of online learning

methods, see:

Gadsden, T. & Roempler, K.S., pp. 69-80.
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Teaching techniques in professional development

As in teaching students, working with educators can benefit from proven
techniques in accomplishing learning goals. Engaging teachers in inquiry
and building instruction around assessment are a few methods described in
this book. As you plan a professional development program, refer to the
following chapters:

Bybee, R. W. & S. Loucks-Horsley, pp. 1-12.
Gess-Newsome, J., pp. 91-100.

Gilbert, S., pp. 43-58.

Jorgensen, M., pp. 123-140.

Kahle, J. B. & Kelly, M. K., pp. 101-114.

Keurbis, P, & Kester, K., pp. 115-122.

Lederman, N., Abd-El, Khalick, F, & Bell, R. L., pp. 25-42.
Loucks-Horsley, S., & Stiles, K. E., pp. 13-24.

Texley, J., pp. 81-90.

Building a professional development program

There may be a range of goals and outcomes you are planning in any level of
professional development program. The following chapters offer insight into
program design:

Bybee, R. W. & S. Loucks-Horsley, pp. 1-12.
Gess-Newsome, J., pp. 91-100.

Kahle, J. B. & Kelly, M. K., pp. 101-114.

Keurbis, P, & Kester, K., pp. 115-122.

Lederman, N., Abd-El, Khalick, F, & Bell, R. L., pp. 25-42.
Loucks-Horsley, S., & Stiles, K. E., pp. 13-24.

Sink, J., pp. 167-178.

Motivation

Students at every age learn better when they are in charge of their own
learning. Motivational methods for professional development include such
topics as constructivist processes and leadership development. See:

Gilbert, S., pp. 43-58.
Sink, J., pp. 167-178.
Texley, J., pp 81-90.
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Community Collaboration

Successful school programs often benefit from community resources beyond
the school, and professional development programs are no exception.
Applying for grants, using informal science learning centers, tapping local
cultural resources, and adopting systemic initiative strategies are a few
methods described here. See chapters:

Kuerbis, P, & Kester, K., pp. 115-122.
Sink, J., pp. 167-178.

Equity/Diversity Issues

It is critical that we provide quality science education for all students in
order to ensure a viable workforce and to meet the demands of society in the
future. To do so, those who are currently underrepresented in those fields—
women and minorities—must participate in greater numbers. For various
ways professional development can help meet these needs, see chapters:

Kahle, J. B. & Kelly, M. K., pp. 101-114.

Promoting Change

Change is very difficult for most people, but it is essential if we are to have
hope of meeting the recommendations found in reform documents. The
change process can be facilitated in a number of ways through professional
development. See the following chapters:

Bybee, R. W. & S. Loucks-Horsley, pp. 1-12.
Collins, A., pp. 59-68.

Gess-Newsome, J., pp. 91-100.

Gilbert, S., pp. 43-58.

Jorgensen, M., pp. 123—140.

Kahle, J. B. & Kelly, M. K., pp. 101-114.
Keurbis, P., & Kester, K., pp. 115-122.

Sink, J., pp. 167-178.

Texley, J., pp. 81-90.
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Assessment and Evaluation

Since the United States Department of Education issued A Nation at Risk in
1983, numerous reform efforts have emerged to try to remedy the problems
outlined in the report. The issue of whether these efforts have made a
difference in student learning and teacher practice has been the topic of
much of the recent research in science education. For a review of assessment
and/or evaluation of professional development in the reform era, see:

Jorgensen, M., pp. 123-140.

Kahle, J. B. & Kelly, M. K., pp. 101-114.
Keurbis, P, & Kester, K., pp. 115-122.
Schmidt, W. H., pp. 141-166.

Reform

An in-depth understanding of the current reform efforts is essential if
programs and curricula are to be aligned with them. Reform documents
outline such topics as what students should know and understand at various
grade levels, teaching, content, assessment, and professional development.
See the following chapters for information on the nature of science and these
documents in general:

Bybee, R. W. & §. Loucks-Horsley, pp. 1-12.

Collins, A., pp. 59-68.

Gadsden, T. & Roempler, K.S., pp. 69-80.

Gess-Newsome, J., pp. 91-100.

Gilbert, S., pp. 43-58.

Kahle, J. B. & Kelly, M. K., pp. 101-114.

Lederman, N., Abd-El, Khalick, F, & Bell, R. L., pp. 25-42.
Loucks-Horsley, S., & Stiles, K. E., pp. 13-24.

Texley, J., pp. 81-90.
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10. Curriculum Development

11.

Numerous curricula and curricular changes have been developed to reflect
recommendations from reform documents. Discussion of the successes and
challenges of implementing these changes are found in chapters:

Bybee, R. W. & S. Loucks-Horsley, pp. 1-12.
Kuerbis, P., & Kester, K., pp. 115-122.
Schmidt, W. H., pp. 141-166.

Leadership Development
Leadership development is critical to widespread implementation of reform
efforts. For details of successful elements of leadership development, see:

Bybee, R. W. & S. Loucks-Horsley, pp. 1-12.
Keurbis, P, pp. 115-122.
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