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Susan Loucks-Horsley
1947-2000

For more than a quarter century Susan Loucks-Horsley provided leadership
for the science education community. Honoring her achievements and
contributions requires one only to pause and reflect on her professional research,
books, reports, and presentations. Her accomplishments far exceed in quality
and quantity what most of us could only wish to attain. There is another quality
of Susan that we must recognize and honor. In Susan’s life and work, she
always conveyed a freshness of appreciation for the other person. This interest
in other people complemented her written contributions and achievements.
Susan left the science education community with this deeper and more profound
contribution. Personally, she conveyed a belief that, given the opportunity, each
science teacher had the potential to improve, and that each teacher wanted her or
his students to learn science. Susan let all she touched know that she understood
their concerns and recognized their daily struggles to change. She supported
their dignity, integrity, and worth as individuals. Susan Loucks-Horsley clearly
recognized that the central issue of reform is not educational material; the
essential factor is how leaders think and respond to the personal concerns of
teachers, how they learn, and what has meaning for them. The foreword she
wrote for this book reveals her belief that ultimately it is the individual science
teacher who will make a difference in students’ lives. Her life made a difference
in the lives of others; now we have lost one of our best and brightest. We are left
with her inspiration and dedication. Fulfilling her vision passes to all of us. As
we look to the future without Susan Loucks-Horsley, we can be thankful for her
professional achievements and contributions, and we must be grateful for her
personal inspiration and grace.

Rodger Bybee

On the evening of August 8, 2000, Susan Loucks-Horsley died of injuries sustained
in a fall.
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Although there is no single best way to teach these skills, computer-based programs, espe-
cially spreadsheets, foster the decision-making skills and independent thinking imperative
to develop critical thinking. This chapter addresses the need for science education programs
to develop students” critical thinking skills, provides a list of spreadsheet programs available
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Josephine D. Wallace and Catherine R. Nesbit, with Carol R. Newman

This chapter focuses on the professional development elements necessary to create teacher
leaders who have the skills to bring about whole school reform, including building teachers’
capacity for decision-making and creating a supportive environment for teacher leaders. The
chapter also profiles North Carolina’s Fund for the Improvement and Reform of Schools and
Teaching (FIRST) initiative, which successfully includes leadership development as a neces-
sary companion to subject content and pedagogy in their professional development programs.
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The Technical Assistance Academy for Mathematics and Science Services (TAAMSS) de-
signed by The Eisenhower Consortium for Mathematics and Science Education at SERVE is
featured in this chapter. The Academy’s goals are to build capacity for systemic reform in
education and to scale-up the dissemination of exemplary science and mathematics materi-
als. By focusing on a develop-the-developer model, the Academy. addresses the ongoing
professional development needs of staff developers in mathematics and science education.

The Precollege Program: A Collaborative Model of Student Enrichment

and Professional Development in Mathematics and Science ............................ 67
Patricia S. Moyer and Eric D. Packenham

Profiles a model of systemic reform, the University of North Carolina Mathematics and
Science Education Network (MSEN) precollege program. This program seeks to provide
leadership for North Carolina teachers in the area of professional development, with an em-
phasis on the inclusion of groups historically underrepresented in mathematics and science.
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Carolina (LEARN NC), developed by the School of Education at the University of North
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gram, is to deliver content through technology as the sole medium. Some challenges that
arose in implementing this program, such as linking the state’s many educators and educa-
tional organizations, and how the program met these challenges are featured in this section.

Teaching Science to Diverse Learners: A Professional

Development Perspective ...........c.coocooiiiiiiiiiiiiiiini ettt 87
Paul Rowland, Donna Montgomery, Greg Prater, and Sam Minner

The chapter addresses gender diversity, ethnic diversity, and diversity of cognitive ability not
as barriers to learning, but as issues in professional development. Teachers must take action
to instructionally address diverse learners, but first they must acknowledge the key role they
play in effectively teaching all learners in their classrooms. The chapter offers specific sug-
gestions and recommendations for science teachers encountering each type of diversity.

Leadership in a Multicultural World: Transforming Today’s

Science ClassTOOMNS ..ot e 99
Deborah J. Tippins and Sharon E. Nichols

This chapter seeks to assist professional development leaders in helping teachers address
issues of multiculturalism and equity in science education by presenting several perspectives
for leaders to consider in developing professional goals and activities. Vignettes accompany
each section. To create reform in this area, teachers must have access to professional devel-
opment opportunities that can provide them with the skills, resources, and knowledge neces-
sary to help them teach diverse learners in their communities.

Knowing Others and Other Ways of Knowing: Cultural Issues

in the Teaching of SCI€NCe ...............cccooiiiiiii s 113
M. Elaine Davis

The chapter presents case studies of inclusive science in practice in a Hopi classroom and at
the Crow Canyon Archaeological Center and addresses the challenge of teaching science in
a culturally diverse society. In order to develop inclusive science programs, professional
development opportunities must cultivate inclusive science teachers: flexible thinkers ca-
pable of considering alternative paradigms and collaborating with other communities. To
cultivate these teachers, professional development must focus on experiences that develop
the individual teacher’s knowledge of community and self and understanding of the concept
of culture and of the nature of science.
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History and Planetarium in Providence, Rhode Island, and the Hatfield Marine Science Cen-
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Rebecca P. Butler
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able and accessible to all; but technology must first be available to the entire student popula-
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opment programs must help teachers plan for accountability; seek funding outside school
finances through grants, donations, and lobbying; and work toward treating all groups equally.
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Gerry M. Madrazo, Jr. and Jack Rhoton

The need to address multiculturalism in the classroom in order to foster the productivity of
all students is discussed in this chapter. By exploring diversity, a multicultural education
offers students an equal opportunity to see life’s possibilities. Professional development pro-
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Foreword

Susan Loucks-Horsley

In the early 1980s, alarms were set off across the United States about the deplor-
able status of education, in general, and science education, in particular. In
response, 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 blos-
somed, 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 opportuni-
ties, 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 Ameri-
can 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 classroom 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 profes-
sional development comes in, and it is essential that science leaders—at all lev-
els—take on the challenges of being both the “leaders of learners” and the learn-
ers themselves. Unless teachers are being able to practice new ways of learning,
teaching, and leading, this reform will fall far short of its potential.

Science teachers are the crucial link between the curriculum and students.
Professional development is a concerted effort to help them understand and change
their practices and beliefs as they improve the learning experiences they provide
for students within their school and district. Professional development can also
serve a broader purpose: to help teachers develop leadership and change agent
skills. It prepares 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 Stan-
dards, 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 ini-
tiatives for science teachers have many characteristics in common. They help
teachers see their students and classrooms differently as they learn to foster deep
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understanding of important science concepts, the skills and understanding of sci-
entific inquiry, and an appreciation of the natural world. Effective programs en-
gage teachers in ways that they, in turn, will help their students learn; support
collaboration among teachers as they learn and craft learning experiences for
their students; and help teachers examine their own practice and become “criti-
cal 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 con-
sider their instructional goals, their students’ needs, and the resources and con-
straints of their school and district, science leaders can craft long-term,
multifaceted programs for teachers that reflect current research and the “wis-
dom” of other professional developers. For example, breaking out of the “pro-
fessional-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 discussions, 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 curricu-
lum materials as they deepen their understanding 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 elements of systemic reform, such as cur-
riculum, assessment, and the development of a professional community. Examples
in this book “push the envelope” of old conceptions 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 super-
visors, science consultants, science coordinators, science specialists, adminis-
trators, higher education science educators, and policymakers. The comprehen-
sive presentation promotes understanding of the circumstances in which
professional development 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 development 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 to-
gether to strengthen our understandings and roles as leaders in the science edu-
cation community, 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 sci-
ence teaching and learning in our nation’s schools.

’T—\
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Preface

Jack Rhoton and Patricia Bowers
early every major document advocating science education reform in recent

Nyears 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 chal-
lenge 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 suc-
cess of this agenda will hinge, in large measure, on professional development oppor-
tunities 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 curricu-
lum and students, professional development is a major element in developing teacher
leadership and change agent skills. It prepares teachers to take a more informed and
concerted leadership role in fostering the implementation or improvement of the
instructional 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” un-
derstanding 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 develop-



ment can contribute to the success of school science and how to develop a culture
that allows and encourages science leaders continually to improve their science pro-
grams.

Using nontechnical language, this text is intended to be accessible to a broad
audience. It is written for science teachers, science department chairs, principals,
systemwide science leaders, superintendents, university personnel, policymakers and
other individuals who have a stake in science education. It will also serve as a supple-
mentary text for university methods course, in elementary and secondary science
education.

The 13 chapters in this volume, Professional Development Leadership and the
Diverse Learner, are organized into two 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 professional development for practitioners and addresses
general issues and perspectives related to science education reform.

Part I of the book, “Professional Development: Implications for Science Leader-
ship,” consists of six chapters that deal with program developments within the con-
text of issues that impact the day-to-day work of professional developers, instruc-
tional leaders, and science teachers. Part 11, “Professional Development and the
Diverse Learner,” contains seven chapters that address the needs of a greater diver-
sity of learning, including students from different cultural and ethnic backgrounds as
well as those with exceptional needs.

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-
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.
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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
permeated her work. Through my professional collaboration efforts with Susan, 1
recognized 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
appreciated the importance and role of each science teacher in his or her struggle and
dedication 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 Dovle
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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The Role of the Science Leader
in Implementing Standards-Based
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Harold Prart
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If there is one common factor in the best cases, it is the presence of one or more
individuals who provide strong leadership for the mathematics or science re-
form effort...

—Report to the Center for Science, Mathematics, and Engineering Education

B ecause the goal for science education in the 1990s has been and will continue
into the 21st century to be—standards-based reform, the number one
question in the science education community is: What is required to accomplish it?
According to St. John, who addressed this question in an evaluation report (St. John
& Pratt, 1997) to the Center for Science, Mathematics and Engineering Education,
when the best cases of reform are examined, leadership emerges as the most impor-
tant factor.

Although it is not the place of this chapter to provide a detailed description of
what is meant by standards-based reform, it can be summarized briefly as the re-
structuring of the content students learn, the way it is taught and evaluated, and the
way the program is supported through professional development—all of which are
aligned with a well-developed set of local, state, or national standards. Such a sys-
tem of reform has often been referred to as “systemic” because all parts of the system
are coordinated so that they are all addressing the same major goals and program
outcomes.

Although much has been written (Smith and O’Day, 1991; Zucker and Shields,
1995; Knapp, 1997; Consortium for Policy Research in Education, 1995) about the
nature of systemic or standards-based reform and what such a comprehensive pro-
gram would look like if it were in place, not enough has been said about how a
district proceeds through the reform process. The literature often seems to imply that
improved curriculum, teaching, and assessment just appears from thin air. What is

N
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needed is a deeper understanding of the role and function of leadership in the reform
effort. The most significant, but often unmentioned, ingredient in the reform of sci-
ence education at the state and local level is a leader with knowledge and experience
who is well placed in the system so that he or she is capable of making the system
function in the desirable way. Leaders have much to do: drafting science-education-
related policy; coordinating districtwide programs; creating
curriculum frameworks; facilitating the selection of instruc-
Signiﬁcant, but often tional materials; and developing assessment policy, proce-

unmention ed, dures, and instruments. Whatever is included in their port-

. . . folio, what they know and can do is critical to the success of

ingredient in the | he 1ocal program.

reform of science The leader’s knowledge of science is critical. The re-
education at the sponsibilities listed in the last paragraph depend, to a large
degree, on the nature of the discipline, how they are
state and local level learned, and how they are best taught. When the major
is a leader with goal of the standards is understanding the subject matter
knowledge and content, the decisions about what science elementary
. . teachers need to learn in their professional development
experience who s experience, how subject matter is presented in textbooks
well p/aced in the at all levels, and the nature of the district’s science as-
system. sessment program are all examples of decisions that re-
quire knowledge of the content if to be quality decisions

that keep the reform on track.

Knowledge of content by leaders is important and necessary, but not sufficient,
Leaders should be skilled in designing, facilitating, and maintaining the changes
called for in an ongoing improvement process. These include creating a vision of a
quality program, designing professional development, managing change, facilitating
individuals and groups, organizing groups and tasks, and building the capacity of the
system to support the change.

Although most of the literature of reform and systemic change focuses on policy,
programs, and practices that the leaders should be responsible for producing, this chap-
ter will emphasize what is known about how leaders bring about these improvements
and what the research says about the skills, behaviors, and leadership styles of effec-
tive leaders. Finally, this chapter will highlight the concept of distributed leadership as
presented in the National Science Education Standards.

The most

Importance of Leadership in Standards-Based Reform

The Center for Science, Mathematics, and Engineering Education, the group at the
National Research Council (NRC) responsible for developing and supporting the
use of the National Science Education Standards (National Research Council, 1996),
commissioned a study of the best cases of science education reform in an effort to
understand the process of reform. The report (St. John & Pratt, 1997) from Inverness
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Associates pointed to leadership as a key factor in producing the best cases of re-
form.

The study found that in the best cases, standards—either local, state, or national—
were considered to be policy documents that were not “implemented” but, rather,
they became tools for promoting deeper and more reflective approaches to selecting
instructional materials, creating assessments, and designing professional develop-
ment. Policy does not automatically give rise to desired practice. But in the best-case
districts, the leaders found ways of using the standards to develop the capacity across
all levels of the system to develop and sustain the vision of the standards in improved
programs and practices.

The best-case districts have long-term, committed leadership.

In the best-case states and districts, one or more longer-term leaders played a very central
role in the reform effort. These individuals typically were energetic and highly commit-
ted, with a history of involvement in science reform efforts, who possess multiple skills
and knowledge. In addition, they were formally or informally placed in positions of
influence where they were charged to bring about change. Although they may not have
had true position power due to their place in the district or state formal hierarchy, they had
the backing of their superior administrators and/or the influential power based upon their
previous experience and successes.

Effective leaders are connected to many sources of support.

The leaders in the best case situations build and draw upon their connections at the
local, state, and national level. They typically have been involved with the creation of
state and national standards and have years of experience in the National Science Foun-
dation or other externally funded innovative science projects. They were knowledge-
able in the important ideas in the research and innovative programs before the stan-
dards themselves were written. To these leaders, the standards had more of a reinforcing
and clarifying effect on the direction they had already established. They also were
well-versed in the process of educational change and how to effect it in their own
districts or state.

Effective leaders focus primarily on educational substance.

Another key factor that the study identified was that the best leaders focus primarily
on educational substance while functioning well within the political realities of their
system. Several writers have noted that standards at all levels are political, as well as
educational, documents (Kirst, Anhalt, & Marine, 1997). To the educator, standards
identity a vision of quality, teaching, learning, and system support. To those who are
politically-oriented, standards represent a means of control over schools. For the
political group, standards coupled with large-scale assessments represent tools that
communicate expectations, with little attention to the means by which the expecta-
tions can be attained. The astute leaders fill this void in the political perspective by
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defining and gaining support for the curriculum programs and professional develop-
ment that provide teachers and students with the opportunity of fulfilling the politi-
cal expectations. The leaders do this, fully aware that they must mix and blend both

dimensions if they are to be successful and satisfy the politi-
Change r equir es cal expectations placed on them and the rest of the system.

increased -
In the best cases, leaders use standards as vision to

professional guide their reform efforts.
development and | Theleaders who developed the best cases for standards-based
reform used the Standards as an overarching strategy for
improvement rather than a litany of mandates to be imple-
therefor € bUdget- mented. It is their view—one they are able to communicate
to teachers and administrators in their system—that stan-
dards provide a rich vision and resource for the kind of teaching and learning de-
sired. In these cases, the leaders use standards and other policy documents to inform
their local efforts and decisions about their efforts to bring about change. They find
ways of using the assessment teaching, professional development, program, and sys-
tem standards from the National Science Education Standards to fill the void be-
tween the mandated content standards and assessment expectations mentioned above.
In the best cases, state and district leaders work not just to build consensus for
specific programs, such as a new set of instructional materials or the availability of
learning technologies, but to build consensus and support for an infrastructure (money,
time, resources, expertise) necessary for the long-term success of their reform effort.
They know that the introduction of standards and other expectations without the
necessary support is an indication that the reform process is more political than edu-
cational and more short-term and project-oriented than a long-term sustained effort.
Change requires increased professional development and support and, therefore,
budget.

support and,

What Research Says About Effective Leaders

Although leadership is often considered to be more of an art than a science, it is
important to examine the research base for information on the styles of leadership
that leaders must bring to the job. A committee at the NRC recently reviewed the
research about effective leaders in a report entitled Enhancing Organizational Per-
formance (Druckman, Singer, & Van Cott, 1997). The research revealed that there
are three, well-known basic skills relevant to effective leaders and one new skill
required in a rapidly changing technological environment.

Technical skills are defined as knowledge of product and services, work operations,
procedures, and equipment. In science education, this would include an understanding of
instructional materials, the ability to facilitate meetings, knowledge of instructional tech-
nology, and the ability to interpret educational reports for the public and other administra-
tors.
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Conceptual skills include the ability to analyze complex events and perceive trends,
recognize changes, and identify problems and opportunities. They also include the
ability to develop creative, practical solutions to problems and the ability to concep-
tualize complex ideas through models and analogies. For the science education leader,
this means understanding the role of standards and other policy documents and hav-
ing the ability to use them as a practical guide to local program development. The
leader who understands these documents as being both politically and educationally
motivated is operating at the conceptual level. The science educator who can analyze
instructional materials not simply by using an evaluation checklist but based upon a
deep understanding of the science being presented and how students learn the sci-
ence at various ages is making maximum use of his or her conceptual skills. The
leader who simply follows the lead of other educators in the choice of materials,
organization of professional development, and design of curriculum is operating more
at the technical or operational level than at the conceptual level. The leader who can
synthesize the research on student learning, professional development (adult learn-
ing), and the local political climate into a coherent total program that will be ac-
cepted by the community and staff must have deep conceptual skills to do so.

Interpersonal skills include understanding of interpersonal and group processes
and the ability to understand the motives, feelings, and attitudes of people from what
they say and do. Interpersonal skills also include the ability to maintain cooperative
relationships with people, oral communication, and persua-
sive abilities. The effective leader who understands the deep The leaders who
conceptual ideas of science education and has the technical developed the best
skills to make them work still must involve a wide range of
individuals from many diverse roles to implement well-con- cases for standards-
ceived ideas. Skills of tact, diplomacy, and conflict resolu- based reform used
tion will be constantly demanded of the effective leader in the Standards as an
the process of soliciting ideas and suggestions during the .
formulation of a plan or program and persuading others to OverarChmg
approve and implement it. strategy for

Self-learning skills are emerging as a new requirement improvement
for the 21st century leader. The rapidly changing educa-
tional technologies and their implications for student learn-
ing and the design of programs requires science education | Of mandates to be
leaders to make decisions with little or no precedent. Faced imp lemented.
with the rapid change in many school systems due to shift-
ing political climate, changing student populations, or the introduction of cutting-
edge technology, science education leaders must cope with increasing complexity
and change with little previous experience or knowledgeable advisors. To cope
with such complexity, leaders need the ability to analyze their own learning pro-
cess and adjust their actions and decisions both to improve their own knowledge
and skills and to make decisions that they have never made before. Recent re-
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search (Druckman & Bjork, 1994) has identified this self-learning skill as the abil-
ity to develop new mental models, learn from mistakes, and change assumptions
and ways of thinking within and in response to a changing world.

Behavior of Effective Leaders

Researchers have long sought to discover why some leaders are more effective than
others. In addition to the skills outlined above, leadership behavior—those observ-
able actions such as making assignments or facilitating a discussion—are known to
be critical to their success and effectiveness. The research synthesized by the Na-
tional Research Council {Druckman, Singer, & Van Cott, 1997) suggested that there
are eight types of behaviors specially relevant to effective leadership.

Clarifying roles and objectives. Subordinates and clients, such as teachers and princi-
pals, need to know what work they are to do and the results that are expected. The skill to
clarify roles and objectives includes defining job responsibilities, assigning tasks, setting
performance goals, and providing support and instructions on how to do the task. As an
example, curriculum writing teams who meet without clear instructions, goals, dead-
lines, and criteria for judging their own work will digress into nonproductive discussions,
false starts, and work that is unrelated to the task.

Supportive leadership. A leader who is supportive uses a variety of behaviors to
show acceptance and concern for subordinates’ needs and feelings. Research from
several decades of study has demonstrated that supportive leadership increases the
satisfaction and productivity of the people involved. There is some indication that less
supportive leadership is necessary when satisfaction with the job and commitment to
the task are already high, but even then supportive behavior is effective.

Planning and problem solving. Effective leaders create flexible and practical strat-
egies to meet their objectives. But the planning must be accompanied by the ability
to remain flexible, in the event that unforeseen problems disrupt the well-laid plan.
Plans are rarely executed fully in the form in which they are originally conceived.
The need for problem solving and flexibility in a complex, changing, and political
environment should be the norm for effective leaders.

Monitoring operations and environment. Effective leaders use feedback to moni-
tor progress on how well their plans are progressing. The leader who develops and
communicates an idea without following and monitoring its implementation will
find that good ideas do not implement themselves—people do. Leaders stay in touch
with the people and learn from their response to do instructional materials, educa-
tional technologies, and innovative teaching strategies. Adjustments are made, plans
are altered, support systems improved, and expectations modified—all in an effort to
meet the changing environment in which the plan is being implemented.

Participative leadership. The research indicates that decision making improves when
other members of the group have information and ideas that the leader does not have
and they are willing to cooperate in finding ways to achieve their shared goals. Class-
room teachers have knowledge and expertise that central office leaders do not have.
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The converse is also true. Curriculum leaders usually possess skills and resources not
available to teachers. Only when these different perspectives and kinds of expertise are
brought together by a leader who believes in mutual support and participation can et-
fective curriculum teaching and professional development be planned and implemented.

Inspirational leadership. Studies on inspirational lead- o
ership indicate it is one of the strongest predictors of a group’s Inspirational leaders
commitment and performance. It is especially important in stimulate followers
to@ay s comp%ex and changl.ng environment, where major to think about
shifts in thinking and strategies on the part of the group are i
often required. Inspirational leaders stimulate followers to | P oblems in new
think about problems in new ways and, simultaneously, help ways and,
them quest.lon old .asspmptlons and pel.lefs that may be no simultaneous Iy, he /p
longer valid. Inspirational leadership is more a result of )
the relationship between the leader and other members of them question old
the group and is not simply an innate and intrinsic quality of assumptions and
the leader.

Positive reward behavior. Positive rewards consist of tan- )
gible components, such as pay increases, prizes, and recogni- no longer valid.
tion or praise for achievement and contributions to the group’s
goals. Praise is more likely to be effective when it is clearly based on observable con-
tributions and not used by the leaders indiscriminately to control or manipulate.

Networking. Similar to the findings of St. John and the author (St. John & Pratt,
1997) described earlier, research from studies of effective leaders indicates that they
develop and maintain networks of people from who they can draw resources, infor-
mation, and support. In large, complex organizations, internal networks are as im-
portant as external networks.

beliefs that may be

Distributed Leadership in the National Science Education Standards
The National Science Education Standards recognized the importance of leadership
in several standards and suggested a type of leadership referred to as distributed
leadership (Bybee, 1993). Program Standard A stated: “Responsibility needs to be
clearly defined for determining, supporting, maintaining, and upgrading all elements
of the science program.” Although all school personnel have responsibilities, clearly
defined, leadership at the school and district levels is required for an effective sci-
ence program (NRC, 1996, p. 211). The Standards point out the importance of lead-
ership and distributes the responsibility among a variety of people, including teach-
ers, administrators, and science coordinators.

Teaching Standards F mirrors the expectation that teachers assume a leadership
role in the improvement of science programs:

Teachers of science actively participate in the ongoing planning and develop-
ment of the school science program. In doing this, teachers:

X
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¢ Plan and develop the school science program.

# Participate in decisions concerning the allocating of time and other resources
to the science program.

# Participate fully in planning and implementing professional growth and de-
velopment strategies for themselves and their colleagues (NRC, 1996, p. 51).

By defining leadership as an individual’s ability to work with others to improve science
teaching and learning to accomplish the goal of scientific literacy for all students, virtually
everyone in the science education community is included. This concept is incorporated in
Program Standard F:

¢ Schools must work as communities that encourage, support, and sustain
teachers as they implement an effective science program.

¢ Schools must explicitly support reform efforts in an atmosphere of openness
and trust that encourages collegiality.

¢ Regular time needs to be provided and teachers encouraged to discuss, re-
flect, and conduct research around science education reform.

¢ Teachers must be supported in creating and being members of networks of
reform.

¢ An effective leadership structure that includes teachers must be in place
(NRC, 1996, p. 222).

The messages of the NSES are clear: a) leadership structure and assignment of re-
sponsibility are needed for effective programs; and b) teachers are an important part
of the leadership structure, so time and support must be provided to make it possible.
The location in the system and the role of the individual can vary and be distributed
among a variety of people, but we are reminded of what the research outlined earlier
in the chapter tells us about the characteristic skills and behaviors of leaders in sci-
ence education reform.
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Agrade—level team of teachers is assembled for the inservice training on the new
science unit that they are planning to implement this year. As they prepare their
notebooks to take the typical procedural notes and the facilitator readies the last of
her materials, a ho-hum attitude permeates the room.

“We’ve been doing hands-on science for years now. Why are we being required
to come to this inservice before we can teach this new unit,” one of the veterans
murmurs as she adjusts the stack of papers she is grading.

Another joins in with her teammate: “We should be able to figure it out on our
own. I can see training the new teachers, but not us; we know what we’re doing.”

The workshop facilitator begins the workshop with the usual warm-up activity and
then turns around and unexpectedly “dumps” the contents of the science kit onto the
table. Styrofoam trays, bottles of shampoo, plastic straws, and dozens of other items
empty out of the box. Projecting the learning outcomes from the overhead projector
and dividing the participants into groups, the facilitator explains that, using the materi-
als laid before them, they are to design activities that will help their students meet the
displayed outcomes. In addition, they must be able to explain what type of assessments
they will use to demonstrate that the students have met each of the objectives. After the
initial shock and bewilderment, the participants dig into their assignment.

Many districts that have enjoyed a long history of using hands-on, kit-based pro-
grams have fallen into the trap whereby the vast majority of teachers have mistak-
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enly come to think of the materials in the science kit as the curriculum. Many go
through the mechanics of teaching the required science to their students by proceed-
ing through lock-step lessons provided in the teacher’s edi-
Many districts that tion, without so much as a thought as to what they are teach-
ing, let alone how to integrate the experiences to support
) ) other areas of their curriculum. Districts across the nation
history of using | use a variety of educational terms to describe the nuts and
hands-on, kit-based | bolts of learning expectations for students. For the sake of
clarification, we consider the specific grade and/or course-
A level goals and objectives as the curriculum to which we
fallen into the trap | refer. The “stuff’ provided in the science kits we refer to as
whereby teachers | instructional materials.
have mistaken /y . The mlsconceptlc?n that tea.chers nu§takenly accept the cur-
) riculum for what is included in the science kits they use and
come to think of the disregard specific learning objectives significantly limits the
materials in the educational value of a science program. Weiss (A. Weiss, per-
sonal communication, February 8, 1998) contends that: “If stu-
) dents aren’t going to learn anything with the materials in the
curriculum. kit, then they might as well have fun doing it.” Often, teachers
and the systems that support them fall into this simplistic prac-
tice. Usually, the content of curriculum is painstakingly determined by small groups of
administrators, teachers, and community members. The majority of teachers, however,
continue their labors, day after day, mechanically guiding students with an almost activ-
ity-by-activity monotony through the science kits provided, without addressing the ratio-
nale and purpose for such instruction. Students can be observed enjoying the instruc-
tional experiences and many times they come away with increased abilities, skills, and
enhanced attitudes toward science. Unfortunately, many times they do not reach the in-
structional goals intended.

Remarkable as it may seem, most teachers at a technical level of science-kit us-
age, going through the motions, do a fairly adequate job of teaching science. After
all, students are encouraged to explore new phenomena through established events
and activities. It is, indeed, a far cry from the didactic, text-driven approach to in-
struction or the shame of no science instruction at all. The challenge for district
program supervisors of hands-on, science-kit programs is to recognize when to raise
the bar and motivate teachers to transition from a mechanical usage of materials to a
mastery level of science instruction.

For many leaders of science education, the understanding and enlightenment of
how teachers approach curriculum and the instructional materials provided them
comes when they have a one-on-one conversation with teachers who are at the me-
chanical level. These teachers are able to explain the rationale for teaching science,
list the units they are teaching, and perhaps even state how the objectives for their
grade level connect to the kits. It becomes obvious, however, that they lack one
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important key understanding: Why they are teaching the lessons and providing the
experiences that they do.

There is a marked difference between the technical instruction of science and
engaging students in the process of scientific discourse. “The research concerning
how little is learned when there is no [meaningful] engagement is robust,” said Wheeler
(1998). “The argument for engagement is best expressed by that common old chant
of the 1960s: ‘I see...I forget, I hear...I remember, I do...I understand.’ I think there
is a danger in this view of science inquiry.” Wheeler warned that:

Unless we know more about the “doing”—what is being done, and how it is
being done—this view of scientific inquiry, commonly heard as a call for more
“hands-on” activities in students’ school science, falls short of reform goals
because not all hands-on activities are inquiry-based with the learning out-
comes clearly in mind by the teacher (1998).

All over the United States there are districts, states, and major systemic initiatives working
to implement hands-on, inquiry-based science. This, along with the release of the Na-
tional Science Education Standards (National Research Council, 1996), has caused a
flurry of reform activity. Those old enough to remember past
surges of science education reform recognize how the “alpha- There is a marked
bet soup” programs, providing recipe-like science curriculum difference between
and materials, made a splash in the late 1960s. We can look
back and reconstruct what happened to these implemented
programs. They were intended to mainly reach the “pipeline” instruction of
students or those students who had been identified by teach- science and
ers and counselors as having advanced science-related abili-
ties. These programs guided this select body of students to-
ward becoming scientists and engineers. Despite this focus the process of
on the few, all students indirectly benefited from these pro- scientific discourse.
grams. Unfortunately, the reform efforts were not sustained
and programs were not supported sutficiently. Following on the heels of the science
reform movement of the 1960s was the “back to the basics” drive for more math, read-
ing, and rote memorization. The curriculum and materials developed to change science
education quickly were abandoned and began collecting dust on classroom shelves.
Eventually, many of these materials found their way to the dumpster. Why? Sci-
ence educators had failed to institutionalize the reform. Teachers all over the country
just went through the mechanics of teaching science. They were never introduced or
reinforced to understand why they taught what they did. If a difference is to be made
in the science literacy of the country this time around, the educational system must
find ways to facilitate teachers’ growth.
The new task of leaders in science education should be taking teachers from the
technical presentation of the activities in the science units and kits to developing a
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deeper understanding of the content and concepts they are teaching. Teachers also
need support in designing appropriate learning experiences to help their students
achieve appropriate outcomes. These outcomes must be aligned with the National
) Science Education Standards (National Research Council,
DeSIgner s of 1996) as well as state and local standards.
effective The mastery level of science teaching will come only
when the individual teacher recognizes she can reach stan-
dards through a variety of instructional avenues. There is
development | single way to facilitate the students to develop an un-
experiences pay derstanding of, for example, “position and motion of ob-
jects (NRC, 1996, p. 123).” There are many ways to de-
sign activities throughout the primary grades to achieve
the Expr essed this standard, and a teacher in California might do it dif-
interests and needs | ferently than a teacher in Oklahoma. The important vi-
sion here is in understanding what the students are to learn
and how to measure whether that learning has taken place.
teachers. Educators are often challenged with presenting science ex-
periences to students beyond the mere familiarization of sci-
ence to effectively knowing the concepts and content of science. This notion applies to
teachers’ learning of science, as well. Being able to see and orchestrate the big picture of
the student’s journey to an understanding of the processes and concepts and the connec-
tors between these is the benchmark, which indicates the difference between mechanical
and mastery teaching.

The call for inquiry-oriented teachers is not new. Dewey (1933) wrote of the need
for teachers to take “reflective action.” Zeichner (1983) cited more than 30 years of
advocacy for “teachers as action researchers” and “teacher scholars, teacher innova-
tors, self-monitoring teachers, and teachers as participant observers.” Like other waves
in teaching reform, nothing seems to change but the need to reform. Providing op-
portunities for teachers to move from just “doing the activities” is the next challenge
to science educators and the next task for science reformers to address.

Many educators follow a typical evolution as they first begin to explore, under-
stand, and finally embrace the value of effective science instruction in their class-
rooms. Normally, this transformation occurs in one of two ways: The first is when
teachers become hooked by the whiz-bang discrepant event activities they have seen
presented at conferences or in an inservice presented by a “cheerleader for science.”
Teachers caught in the false comfort that these experiences will result in meaningful
science learnings for their children may enthusiastically go back to their classroom and
replicate what they have experienced and actually do it quite well. No thought truly
goes into why a specific event is being done or where it ties into their learning objec-
tives or even the standards. The second type of science education induction occurs
when the teachers are required to move to teaching science using more of a hands-on
approach. These teachers will go through the required inservices and will, over time,
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become quite skilled at what they are doing with their science units. They will even
design ways of connecting science into their other curricular areas. Missing from this
scenario is what teachers don’t have—a feel for inquiry, assessment, and standards-
based lessons. These are the structures of knowledge that master teachers possess
that can be developed only over time, with careful thought and purposefully de-
signed professional development experiences. These structures must be nurtured,
client-driven, and concems-based. Designers of effective professional development
experiences pay close attention to the expressed interests and needs of the participat-
ing teachers. Teachers’ concerns vary within any given group and will likely change
over time (Loucks-Horsley & Stiegelbauer, 1991).

This ability to assess the level of concern of a group came to light quite recently
when the authors provided an inservice experience to a group of teachers who were
new to a grade level. These teachers were not new to teaching. The experience started
off with a two-hour session on developing strategies for using open inquiry. Even
though most of these teachers were at the mastery level when it came to facilitating
student learning, they approached the inservice at an informational level for this
session. The need to know the nuts and bolts of the new science unit being intro-
duced was not addressed appropriately. They had to go through this stage before they
were open to considering more of an open inquiry approach to the unit.

Identifying Teachers at the Mastery Level

Here is an example: Imagine two teams of first grade teachers at different elemen-
tary schools in the Mesa Unified School District #4, Mesa, Arizona. These teams
were both getting ready to implement the Science and Technology for Children (STC)
Solids and Liguids kit into their required science curriculum for the year. Each team
of teachers was required to go through a nuts-and-bolts training session before be-
ginning to teach this kit. It must be noted that Mesa Public Schools has been requir-
ing teachers to teach four science curriculum units per year for the past 15 years.
Several teachers in both of these first grade teams had been in the district for at least
that long. Each team had one brand-new teacher on the team. In the bigger sense of
the word, each team had three experienced veterans and one novice.

A blaring red flag was raised to district-level science leaders when reflecting
upon these two experiences in a resource teacher team study session. The differ-
ence in needs between the mechanical level teachers and the mastery level teach-
ers was very apparent. Both teams were delighted with the new kit, expressing
enthusiasm for the variety of new manipulatives. One team immediately recog-
nized that what they had been doing with properties in math connected right into
the development of science concepts about the properties of solids and liquids.
This same team saw the avenue for vocabulary development and the opportunity
for the first graders to begin to apply their new written communication skills through
the use of science logs. But, more importantly, they recognized and verbalized the
big unifying concepts and processes of observation, organization, discrimination,
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sorting, comparing and contrasting, and communication as connectors to develop-

ing their students’ thinking skills. The other teacher team was able to focus only on

the management issues associated with the new curriculum. They could not escape
the mechanics of how to implement the new unit.
Bybee (1997) stated “the National Science Education
Most of the peop/e Standards are about ‘outputs’ not ‘inputs’.” Outputs refer
who cha mpion to the 1dent1f1cat1.0n of the student outcomes and the mea-
surement strategies used to assess whether students have
attained them. Inputs refer to the length of school day, teach-
difficult time | ing days, time devoted to science instruction, and so forth.
comin gtoa It is the out.puts. that rpaster tfaachers hold as the compass
. to chart their science instruction.

common definition There is a great deal of rhetoric regarding inquiry-based
for the term. | science. Teachers are being bombarded with the charge to go
forth and make certain they are teaching in an inquiry way.
Leaders in science education have become a community obsessed with the term. Most
of the people who champion inquiry have a difficult time coming to a common defini-

tion for the term. Ask 10 “experts” and 10 different responses will be given.

What, then, does the abstractness of the term inguiry have upon the teachers in the
classroom? The message of one camp in the inquiry debate finds some science educators
encouraging teachers to let the students pose their own questions, develop their own
investigations, and communicate their results as the mainstay of the experiences in the
classroom. “It’s easy, it’s fun, and you can do it,” one can hear them say. This is a mes-
sage, however, that spells disaster for most novice and mechanical-level teachers, be-
cause this type of pure inquiry takes time, skill, limitless resources, and knowledge on the
part of the teacher. If the teachers fail at this approach, chances are they will fall back to
reading about science and not try any type of investigations. A mastery-level teacher will
develop over time the necessary skills to be able to adjust some of the lessons to be an
open inquiry approach; other lessons will still be constructed to guide the students to the
desired learning outcome. “Master teachers,” stated Layman and colleagues, “balance
student-directed inquiry with other classroom activities—class discussion, reading, solv-
ing problems, elementary activities to introduce skills, i.e., films, tapes and transparen-
cies (Layman, Ochoa, & Heikkinen 1996, p. 34).”

inquiry have a

Comparing Mechanical-Level and Mastery-Level Teachers

Teachers enter the teaching profession because they have a desire to communicate
knowledge. Teachers in an inquiry-based lesson act as facilitators and resources.
They create the environment, which is safe for the investigations to take place; they
impart conceptual knowledge, mathematical and technical tools, and general guide-
lines at optimal moments. These teachers select the learning experiences and adapt
and design their lessons to meet the interests, knowledge, abilities, and backgrounds
of their students.
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“I think I recognized I might be on the track to being a Teachers in an
master teacher when I became comfortable with the fact that
1didn’t have to know it all, but I could figure ways to get the
information to help me grow,” said Master Teacher Anna lesson act as
Henning. “When maintaining mastery, teachers are con- facilitators and
stantly upgrading their repertoire of how children learn as
new knowledge is published by experts in the field of cog-
nitive sciences (A. Henning, personal communication, Sep-
tember 4, 1998).” Master teachers seek opportunities to fine-tune advanced skills,
such as questioning formulation, student facilitation, and reflective improvement
strategies. The mechanical teacher is preoccupied with the technical aspects of in-
structional delivery. That is not to say that they are not concerned about the learning
experiences of their students; however, they focus on providing quality learning ex-
periences and do not facilitate students as investigators.

inquiry-based

resources.

Moving Teachers From Mechanical and Mastery Levels of Teaching
How do science education leaders help mechanical teachers become skilled and com-
fortable with the inclusion of an inquiry-based approach to teaching science? How
do science educators and professional developers facilitate an environment where
mastery level can occur? Here is the secret: Time! Time to grow, time for reflection,
time for self-examination, time for peer study groups, time for mentoring by a mas-
tery-level teacher, and time for self-selected professional development experiences
devoted to developing a deeper understanding of the content knowledge of the cur-
riculum to be taught.

Time to Grow
Time is a priceless commodity in schools. Teachers are finding themselves pulled in so
many ways as they deal with the complexity of the diverse needs of students, burgeon-
ing curriculum requirements, and an ever-shrinking school day. A teacher may teach a
unit once a year for only two to three years before being moved to another grade level
and must learn a different curriculum. This will completely throw a mechanical-level
teacher off base, but mastery-level teachers see the whole picture, and because they
have developed a deeper understanding of the content and concepts, their need for
technical specifics does not interrupt their vision of good science in their classrooms.
Many practitioners have recognized that most teachers travel through a series of
levels of concern with regard to developing new skills and abilities in the classroom.
As teachers travel down the path from mechanical to mastery levels of science teach-
ing, they experience some common experiences. The Concerns-Based Adoption Model
(1987) was a significant research study on the impact of change on educators. Table 1
outlines the Concerns-Based Adoption Model’s levels of concern and possible com-
ments science education leaders may hear as they facilitate teacher growth and pro-
mote mastery teaching abilities.
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Table 1: Concerns-Based Adoption Model: Levels of Concern

Science Teaching Development

Awareness “What is hands-on science?”

Informational “What types of classroom experiences are you talking about?”

Personal “What does hands-on science mean to me?” “What will | have to do to be
able to teach this way?” “Will my administrator allow me to teach this way?”

Management “Where do | find the time to fit hands-on science into my school day?” “How

do | manage the kids during activities?”

Consequence “What am | doing to ensure that my students understand the unifying con-
cepts of science?” “How do | facilitate greater student inquiry into my in-
struction in science?”

Collaboration “l have a lot of ideas on how to increase the implementation of inquiry into
my science instruction.” “l can gain a great deal by interacting with others
engaged in including inquiry-based science instruction.”

Refocusing “I can access the learning objectives expected to be covered and access the
science kit | get and significantly orchestrate new learning opportunities for
my students.”

Maodified from: Hord, S.A., Rutherford, W., Huling-Austin, L., and G. E. Hall. 1987. Taking charge
of change. Alexandria, VA: Association for Supervision and Curriculum Development.

Real mastery levels of teaching science occur as teachers transition from concerns

about management to identifying the consequences to students of instruction, curricu-

lum, and the materials used to achieve instructional goals. At

Teachers who are collaboration levels, master teachers further enhance their

empowered to skills by gleaning best practices of others, as well as focusing

on what is important as they communicate their own best prac-

tices. Finally, at the refocusing level of concern, master teach-

pr ofessional ers move beyond the expected curriculum, see connections to

deve/opment and other curriculum areas, and begin to explore new, cutting-
edge strategies for instructional delivery.

design their own

are provided the

professional time to | Time for Reflection

implement their One of the most powerful attributes of human beings is the
ability to reflect upon what they have done. Reflective abili-
ties are difficult to cultivate in teachers but can provide pow-
significant/y from erful benefits. This is not a simple “Gee, how did the day
the experiences. go?” type of experience. Reflection involves deep percep-
tion and self-analysis. It incorporates assessing delivery,
ability, knowledge, and performance. As teachers become competent and capable of
formally reflecting on their impact on student learning and devise strategies for self-
improvement, teacher mastery skills blossom and flourish.
There are different strategies to promote reflective practices. A simple begin-

]
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ning is the use of a reflection log. Teachers take time to spend quiet moments
reflecting and writing about experiences for the day, including evaluative com-
ments and insights. By keeping a thoughtful reflection log, teachers are empower-
ing themselves to recognize where they are struggling, their successes, and the
concepts they need to focus on to enhance understanding, as well as what they
might do differently next time around. Having an experienced or master teacher be
a mentor for these reflections will give meaning to the process. “Feedback and
self-reflection is the breakfast of champions” is the theme of Blanched and Johnson’s
(1982) popular management book, The One Minute Manager. Yet few teachers
ever take the time to reflect on their own practice, let alone receive feedback on
their reflections from trusted peers.

Time for Self-Examination

It is important to provide the avenues to empower the teachers to self-assess their
needs and design their own courses of strategies for developing a deeper understand-
ing. In the minds of many educators, training is synonymous with staff development.
Most teachers are accustomed to attending workshop-type sessions in which the pre-
senter is the expert who establishes the content and flow of activities (Sparks & Loucks-
Horsley, 1990). Shifting the attitude of professional development to attain mastery
levels of teaching involves a transfer from training and “executive control” to self-
control. The outcome here is the stimulation of the teachers’” deeper conceptual under-
standing. Teachers who are empowered to design their own professional development
and are provided the professional time to implement and pursue their desires will ben-
efit significantly from the experiences. Placing teachers in the role of self-assessors of
their professional needs and providing them the resources and time to pursue them
provides greater opportunities for teachers to experiment with mastery skills of in-
struction.

Time for Peer Study Groups and Mentoring by Mastery-Level Teachers
Study groups pertain to “engaging in regular, structured, and collaborative interac-
tions regarding topics identified by the group, with opportunities to examine new
information, reflect on their practice, or assess and analyze outcome data” (Loucks-
Horsley, Hewson, Love, & Stiles, 1998). To improve student achievement in sci-
ence, as well as other content areas, schools must weave continuous learning for
teachers into the fabric of the job of teacher. Study groups are an excellent means of
cultivating collegial schools. Collegial schools that support teachers in study groups
are characterized by purposeful, adult-level interactions focused on the teaching and
learning of students.

Teaching is a relatively solitary profession. The instructional facilities that house
millions of American schoolchildren are not conducive to collaboration. There are
few opportunities for educators to gather and meaningfully discuss issues, instruc-
tional strategies, and the challenges of teaching. Providing structured blocks of time
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for team or peer discussion groups can provide a conduit for teachers to learn from
each other. As easy as this seems, unfortunately, it is an often-neglected approach in
teacher development.

Professional Development Time Devoted to Developing a Science
Content Knowledge
One of the challenges of moving from technical to mastery levels of teaching is
providing teachers with the opportunity to become familiar with science content so
they can facilitate the questions and investigations of the
students. Designing learning experiences where teachers are
. invited to learn from content experts and master teachers
opportunities for can provide the structure to enhance teacher science content
educators to gather knowledge. Most teachers have had at least one or two sci-
ence content classes in college or in postgraduate work. The
. . element that has been missing in these experiences is the
discuss issues, opportunity for teachers to recognize the relevance of the
instructional content to what they are teaching. By providing opportuni-
strate gi es, and the ties where the teachers interact W.ith bpth the content expert
and master teacher, they can receive direct examples of how
chall enges of the content they are learning connects with the experiences
teaching_ of the students in their classes. These sessions introduce
teachers to the ways activities are designed in the unit to
teach the concept, which is relevant to a particular grade level. They also can show
the curriculum flow of concepts and content across grade levels. This helps teachers
have a deeper understanding of concept development throughout the grades.
Another key experience that promotes mastery skills of teachers is their belong-
ing to and participating in professional organizations. By reading the latest research
in professional journals, they have a wide variety of current information to share
with their peers during study group time. They are also challenged to conduct class-
room-based action research and look for opportunities to share this as well.

There are few

and meaningfully

Commonalties Among Master Teachers
Mastery-level teachers seem to exhibit many of the same characteristics:

+ Science means success—Master teachers have an intuitive feeling for science as
an area where all students—regardless of language skills, ethnicity, socioeconomic
background, or physical and mental challenges—are able to find success.

o Understanding of science content and processes—A deeper understanding of both
the content and process of science are common to most master teachers. As new
knowledge is gained, they are energized to reorganize and adjust their own thinking.

¢ Mentoring—Being mentored by science education professionals and acting as
mentors themselves is common to many mastery science educators. Being a men-
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tor to someone else forces one to look at one’s own practice as growth is encour-
aged in others.

+ Collaborative climate—Master teachers take advantage of the professional stimu-
lation provided by a teaching partner or peer team within the school setting who is
willing and able to take the time—even if it means four o’clock on a Friday after-
noon—for an impromptu discussion as well as organized study group. Being able
to talk with one’s peers with a feeling of trust is essential to personal growth.

+ Questioning skills—Master teachers, as an art form, use developed questioning
skills. They are able to determine by watching and listening to their students’
interactions what questions will encourage them to reach for the next level of
understanding.

& Management of events—The ability to know where to include a discrepant-event-
type activity that will further ignite the students to move in another direction in
their thinking is common to master teachers. They understand “cute” activities
must have an instructional purpose and should connect to instructional goals.

# Accessing research—Master teachers recognize the need for continuous learning
through not only reading the latest research by experts, but by conducting their
own classroom-based action research as well. Master teachers use these formats
of continuous improvement as embedded learning opportunities to improve their
instructional and curriculum implementation practices.

If the efforts for improved science education are to be institutionalized through the
common national, state, and local efforts at reform, significant efforts must be made.
Science education leaders must move teachers beyond the how-to, information-down-
loading models of instruction to the discovery of new avenues that support the real
transformation of the teacher to master facilitator of science learning. This transition
becomes apparent upon reflecting on the comments of master teachers who have made
the transition from technical to masterful implementation of science curriculum.

“When you move your instruction from being a front seat driver to the backseat,
the students will move along the path with you if you facilitate them in the right
directions,” commented Master Teacher Rosie Magarelli (R. Magarelli, personal com-
munication, August 10, 1998). ““You want them to embrace science—not consume it.
Get them engaged and go forward, always assessing where kids are and building
experiences for them.” Magarelli’s advice to teachers enhancing their skills and
moving toward mastery practices included “focusing on management and question-
ing. Keep one eye looking forward on the instructional goal in mind and the other in
the rear view mirror to assess where you have been.”

The path the teacher travels to the mastery level is not an easy one. Like learning
to drive a car, at first the new driver focuses on controlling the vehicle, evaluating
road conditions, and estimating distances between objects. After a few months of
practice, the driver is able to incorporate those skills simultaneously and begin to
feel very comfortable with the role of driver. At this point, attention shifts away from
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the mechanics of driving to identifying and maneuvering your car to get to a specific
destination. Mastery-level teachers never lose sight of that destination and recognize
there are many routes that they can offer their students toward reaching the ultimate
learning objectives.
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O ne of the earliest and most time-honored forms of education is based on devel
opment and employment of skills in critical thinking and problem solving.
That pedagogical model is commonly called the “Socratic method,” in honor of the
early Greek philosopher, Socrates, who developed it more than 2,400 years ago.
Knowledge is valued in the model, but mastery of factual information alone is not
perceived as either a desirable end in itself or the mark of an educated person. Rather,
an educated person is one who can examine and understand the ethical, social, per-
sonal, and cultural implications of whatever topic might arise. From this perspective,
individuals who take pride in the possession of much knowledge but lack the critical
thinking skills needed for such understanding would, in fact, be considered quite
naive. Having such persons in positions of leadership would be socially undesirable,
because unreasoned applications of knowledge could be a detriment to society. The
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basic purpose of learning, for a Socratic methodologist, is to develop the type of
thinking skills required to understand the inherent relationships of ideas and things.
Understanding of those relationships is valued for insight into the meaning and worth
of knowledge, in the same sense that today’s proponents of interdisciplinary curricu-
lum and instruction value an understanding of the inherent connections among aca-
demic disciplines and their relationships to learners. The ancient philosophers had a
special name for this: They called it “wisdom.”
In the early Greek era as now, however, the great majority
The basic purpose of people lacked the time, resources, and/or motivation to pur-
. sue sufficient formal education for systematic development
of lear ning is to of critical thinking skills. Consequently, even though the ide-
develop the type of | als of critical thinking have persisted for more than two mil-
thinkin gs kills lennia, the focus on knowledge for knowledge’s sake has gen-
] erally prevailed. By the 14th century, education was typically
requir ed to perceived in terms of encyclopedic knowledge, and literature
understand the of the era alluded to scholarly types who aspired to learn all
inherent there was to know. This did little to foster explorations of
) ) multiple perspectives or alternative paths of inquiry, and the
relationsh Ips of concern for acquisition of knowledge eclipsed critical think-
ideas and things. ing in the human intellectual process.

The advent of the industrial/factory model of educa-
tion, which has been attributed to the cultural impact of the Industrial Revolution,
intensified the problem. By the late 19th century, rapid industrial development had
ushered in an era of unprecedented technological productivity. Society valued a
strong industrial enterprise as a source of national prosperity and promoted public
education as a means to assure a continuing supply of competent employees for the
factories. Many educators perceived the industrial tenets of centralization, special-
ization, and technological efficiency as the best system for school development
(Tyack, 1974). Over time, that perception of how and why children should be
schooled became a predominant factor in the design of formal education in the
United States (DeYoung and Lawrence, 1995).

Lacking the insights of recent research on the psychology of learning, early propo-
nents of the industrial/factory model of education perceived the purpose of schooling
in terms of developing efficient means for feeding information into learners and testing
to be sure it was remembered. A student was an object of learning. It was widely
believed that industrious teaching produced learned and employable students from
unschooled children, in much the same way that skillful applications of manufacturing
techniques produced useful and marketable objects from raw material. Typically, cur-
riculum planners focused on the amount of material to be covered and teachers graded
student performance on the basis of the amount of knowledge acquired.

Rapid increases in development of new scientific and technological knowledge
intensified the problem. Science textbooks grew thicker and thicker in the absence of
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a tradition for critical assessment of information to be included in the curriculum,
and the addition of large amounts of disconnected factual information diminished
the relevance of the content. This trend resulted in a curriculum that the American
Association for the Advancement of Science (AAAS, 1990) decried as “a mile wide
and an inch deep.”

Questions of what to teach and how to teach are widely discussed topics in profes-
sional journals, newspapers, and the halls of government as society seeks ways to
improve the quality of science education. The ancient Greek concern about the conse-
quences of unreasoned applications of knowledge is implicit in many current discus-
sions, especially in the area of environmental protection. Knowledge of the inner work-
ings of the atom, for instance, provides a means for generating electricity without many
of the undesirable side effects of other methods. However, many people are concerned
that applications of that knowledge may produce environmentally intolerable conse-
quences of another nature. Resolution of such issues in a democratic society will re-
quire a population with the critical thinking skills needed to identify and understand
reasonable options and mandate equitable public policies.

The need for general scientific literacy, however, is ac- .
companied by an equally essential educational imperative A successful science
to continue to produce an adequate supply of professional education program
scientists and mathematicians needed to maintain continu- must help all
ing scientific and technological development. Therefore, a
successful science education program must be directed to students deve/op
two equally essential purposes. First, it must help all stu- lifelong study habits
dents develop lifelong study habits and thinking skills needed and thin k,'ng skills
to acquire useful scientific knowledge and evaluate its effi- .
cacy for problem solving. Second, it must simultaneously needed to acquire
encourage those who may find the disciplines of science useful scientific
and mathematics, per se, attractive as career choices and know/edge and
help them prepare to generate new scientific and mathemati- . .
cal knowledge. Promotion of critical thinking skills is con- evaluate its efflcacy
ducive to both purposes. for prob/em solving.

The Concept of Critical Thinking

Skills needed for critical thinking are foundation competencies, Sormunen and
Chalupa (1994) declared, but there is no clear definition of critical thinking. How-
ever, they concluded, a useful definition appears to be slowly emerging. Earlier models
emphasized either a philosophical, process-oriented approach or a psychological,
product-oriented approach, they noted, but a hybrid model has emerged that inte-
grates both approaches and imposes a hierarchy of learning. In the hybrid, which
they called the educational model of critical thinking, students progress to higher
levels of thinking as they translate academic learning into the real world of day-to-
day living. In a study of what is needed in the schools, the United States Department
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of Labor (1991) defined critical thinking skills in similarly practical terms of cre-
ative thinking, problem solving, knowing how to learn, reasoning, and decision mak-
ing.

Dialectical questioning is a typical entry point for criticism for Socratic thinkers.
However, McPeck (1981) contended, much more than questioning is involved:

Critical thinking does not consist merely in raising questions... Nor does it
involve indiscriminate scepticism [sic], for that would ultimately be self-de-
feating, for it leads to an infinite regress. Rather, it is the appropriate use of
reflective scepticism [sic] within the program area under consideration. And
knowing how and when to apply this reflective scepticism [sic] requires, among
other things, knowing something about the field in question. . . . There is, more-
over, no reason to believe that a person who thinks critically in one area will be
able to do so in another (p. 7).

Critical thinking is not a natural skill, but it can be taught. Children possess a natural
curiosity, Meyers (1988) noted, but most require disciplined instruction for develop-
ment of anything more than haphazard thinking skills. Critical thinking is not ratio-
nal thinking alone, though that’s a part of it, nor is it scientific thinking alone, though
there are many overlapping characteristics. It is similarly distinguishable from *“‘imagi-
native thinking,” ‘sensitive thinking,’ ‘creative thinking,” and the like (McPeck, 1981,
p. 5).” It is complex, multifaceted, and cannot be taught as a separate subject or skill.
“‘Critical thinking’ has an identifiable meaning,” McPeck suggested, “but the crite-
ria for its correct application vary from field to field (p. 13).” It is dependent upon the
context of thought about something, and it must be learned and taught accordingly.

Critical thinking is not pervasive, and it is not to be applied to all statements.
Rather, it is a highly personalized process that involves personal attitudes, commit-
ments, and interests in whatever is being studied. According to McPeck, it is also
critically dependent on knowledge of a field and of the connections of that knowl-
edge with other fields. However, Resnik (1987) contended, critical thinking does not
necessarily require years of prior drilling on the basics of a subject.

Teachers may use a variety of approaches to encourage students to learn to think
critically, but there is no single best way to teach critical thinking skills. The advent of
computer-based information technology, however, contributes an important new per-
spective to the task. Properly used, Pepi and Scheurman (1996) suggested, computers
can help to create a meaningful learning environment that will challenge students to
move beyond the immediate effects of concrete experiences as they collect informa-
tion and identify phenomena that can be generalized to other experiences, reflect on
those connections, and develop conclusions. Many computer-based programs are avail-
able for providing multiple stimuli for students to think about, thereby fostering deci-
sion making skills and encouraging independent thought of the type needed for critical
thinking (Solomon, 1992; Pepi and Scheurman, 1996).
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The Challenge for Science Teachers

Redirection of education to include critical thinking offers opportunities for relating
lesson content to meaningful, real-life situations that can help students appreciate
the worth of what they learn. It can also create an exciting and fulfilling teaching
arena that is conducive to development of lifelong learning skills. In the current era
of overstuffed curricula, however, this will not be a simple task. Teaching of thinking
skills has always posed a problem, Meyers (1988) noted, “but it is especially acute
today, when our culture’s output of information far exceeds our ability to think criti-
cally about that information (p. xi).” Teaching critical thinking takes time, and sci-
ence teachers will have to practice the sort of skills they would teach in order to
provide that time. Among other things, they must learn to use their own critical analysis
to winnow superfluous curriculum content and nonessential instructional activities
in order to focus on essential concepts and learning experiences their students need
for in-depth understanding and appreciation of science, mathematics, and other sub-
jects. In addition, they must mode! critical thinking in their own teaching, as well as
encourage it among students:

Students must actively struggle with real problems and issues—and see their
instructors doing the same. If the instructor... merely rehearses students in the
rediscovery of what is already known, students will acquire little motivation for
critical analysis (Meyers, 1988, p. 8).

The learning environment must encourage open discussion and probing questions as
it challenges learners to progress through increasingly complex thought processes in
search of useful new information. It must challenge learners to temporarily suspend
their own judgments as they criticize options and reflect on new ways of thinking,
and it must help them learn to appreciate the important role that their own personal
values and interests play in their perceptions.

Given the pressures of the information explosion and the personal nature of think-
ing skills development, it may appear that teachers face a dilemma. Group instruc-
tion, on the one hand, is an efficient means for presenting large amounts of informa-
tion to classes of students. Individual teacher-student interactions, on the other hand,
are more effective for personalized instruction of the type needed for development of
critical thinking skills. Fortunately, as Pepi and Scheurman (1996) noted, the inte-
gration of computer-based information technology into classroom teaching can help
to bridge the gap.

This presents science teachers with a multifold challenge. First, teachers need to
develop and model critical thinking skills in their own teaching, beginning with criti-
cal assessment of curriculum and instruction as indicated earlier. Second, teachers
need to relate lesson content and activities to current topics or issues of interest to
their students to provide them a context and incentive for using scientific under-
standing for dealing with personal and societal concerns. Third, teachers need to be
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Most teacher | proficient in the use of computer technology and related In-
formation Age resources for both group and personalized
i ) instruction. Because most teacher education programs em-
emphasized neither phasized neither critical thinking skills nor classroom com-

critical thjn/(jng puter applications until recently, many inservice teachers
today face an immediate challenge for professional devel-

education programs

skills nor classroom

opment.
computer
applications until | A Perspective on the Challenge of Professional
Development
recently.

The National Research Council (NRC, 1996) devoted a sig-
nificant portion of the National Science Education Standards
to the topic of professional development. Though not addressed specifically, the three
challenges for professional development listed above are inherent in the Standards’
emphasis on “learning science, learning to teach science, and learning to learn (p. 58).”
Professional Development Standard A declared that professional development for sci-
ence teachers “requires learning essential science content through the perspectives and
methods of inquiry (p. 59).” Standard B emphasized that professional development
“requires integrating knowledge of science learning, pedagogy, and students; it also
requires applying that knowledge to science teaching (p. 62).” Standard C avowed that
professional development “requires building understanding and ability for lifelong learn-
ing (p. 68).”

The Standards specifically assumed that “science leamning experiences for teach-
ers must... address issues, events, problems, or topics significant in science and of
interest to participants (p. 59)” and permit them to “struggle with real situations and
expand their knowledge and skills in appropriate contexts (p. 62).” The Standards
also specified that professional development activities should “create opportunities
for teachers to confront new ideas and different ways of thinking... [and] to discuss,
examine, critique, explore, argue, and struggle with new ideas (p. 67).” Based on the
assumption that teachers tend to teach in the way they were taught, this should help
to prepare teachers to relate their own instruction to topics of interest to their own
students and, thereby, provide the contextual arena that McPeck (1981) declared
essential to teaching critical thinking skills. Clearly, the Standards assumed that pro-
fessional development is a lifelong responsibility for teachers, and it must include a
balance of effective content mastery, instructional competency, and critical thinking
skills.

The Standards also emphasized that professional development must be based on a
coherent, long-term plan. Professional development is a complicated matter, the NRC
(1996) noted: “However, for an individual teacher, prospective or practicing, profes-
sional development too often is a random combination of courses, conferences, re-
search experiences, workshops, networking opportunities, internships, and mentoring
relationships (p. 70-71).” Implicit in that observation is a fundamental assumption:
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Systematic professional development is a personal responsibility. This places respon-
sibility for effective professional development squarely on individual teachers to iden-
tify professional development activities that will meet their specific needs. Proficiency
in the use of computer technology, for instance, is an increasingly important teacher
qualification. Teachers seeking computer education will find many outstanding pro-
grams available, and professional development in this area would appear to be largely
a task of locating and selecting an adequate program from a myriad of options. Much
more than formal instruction is required, however, including personal persistence in
learning-by-doing that may be compared to learning to walk. Others may demonstrate
walking, explain what’s involved, encourage action, and even hold a child’s hand; but
a child can learn to walk only by releasing all props and trying it alone—and getting up
and trying it again after every fall until she/he becomes proficient at the task. In a
similar comparison, maintaining currency in the ever-changing field of computers will
require new learning over time, much as a child may learn to run, climb, ride a bicycle,
or otherwise fulfill a desire for increased mobility. Consequently, effective profes-
sional development in computer education is largely a matter of personal responsibil-
ity and persistence.

Ability to teach critical thinking skills is an equally important qualification for
science teachers, and professional development in this area
is a matter of even greater individual initiative. Teaching of Abi/ity to teach
critical thinking has generally not been a priority in the edu- critical thin k,‘ng
cational arena and, as McPeck (1981) noted, most programs
for teaching critical thinking have focused on only a limited
perspective of the concept. Some focused on logical analy- important
sis and some on other forms of problem solving, he observed, qua lification for
“but perhaps the most pervasive notion...amounts to an un-
questioned faith in the efficacy of science and its methods
to settle every significant controversy requiring critical and professional
thought” (pp. 39-40). Scientific thought involves many di- deve/opmem in this
mensions of critical thinking, but it is not inclusive. Critical .
thinking may be exercised within other areas, as well. How- area is a matter of
ever, as John Dewey (1991) noted, scientific reasoning is a even greater
conjoint process of analytic and synthetic thinking. This is individual initiative.
fortunate for science teachers, whose science preparation
constitutes a foundation for learning and teaching critical thinking skills.

Like computer skills, critical thinking may be learned, in part, from formal in-
struction, but proficiency is largely dependent on experience through repeated appli-
cations. Fortunately for those seeking competency in both computers and critical
thinking, the NRC’s (1996) assumption that professional development should ad-
dress problems of significant interest to participating teachers points toward an inter-
esting possibility of using one objective to accomplish the other.

skills is an equally

science teachers,
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Like computer skills, | Using Computer Technology to Learn and Teach
Critical Thinking
) Preparation for proficient use of computers in science teach-
be learned, in part, ing requires practice with a variety of data processing pro-
from formal grams, including spreadsheets. By learning to use spreadsheets
for study of current issues of interest to themselves, teachers
o i will attain two important benefits. First, they will avoid the
proficiency is | tedium of constructing spreadsheets around meaningless text-
la rge/y dependent | book examples and simultaneously learn about things of per-
sonal interest as they learn to use the technology. Second, it
will sensitize them to the affective importance of relating their
through repeated | own teaching to topics of interest to their students.
app[icatjons. Use of spreadsheets provides opportunities for the type
of critical thinking and reflection needed for in-depth un-
derstanding of essential concepts and processes. Spreadsheets also present opportu-
nities for devising activities that integrate mathematics into science instruction in an
obvious and meaningful way. A number of spreadsheets that support this premise are
available through the Internet. Specific examples, developed for Mac and Windows
platforms by Kellogg (1992-95) using Microsoft Excel, include:

critical thinking may

instruction, but

on experience

1. Coins—employs a spreadsheet to find the values of combinations of coins.

2. Perim/Area—a spreadsheet program that deals with optimizing area and perimeter.

3. Circuits—uses simple circuits to teach Ohm’s Law.

4. Gas Laws—uses graphics dynamically linked to a spreadsheet relating the vari-
ables in the ldeal Gas Law.

Presnall (1997), a high school science teacher, used ClarisWorks to develop the
following programs, which are also available on the Internet for Mac and Windows
platforms:

1. Molecular Weight—allows students to enter the symbols and quantity of elements
in a compound and uses a cascading series of logic statements to recognize atomic
symbols and report atomic weights.

2. Trajectory—enables students to calculate the angle and the distance to a target,
based on X and Y coordinates.

3. Vector Adder—allows learners to enter the magnitude and direction of up to 10
forces. It then calculates the X and Y components of those vectors, finds the sum
of the components, and calculates the resultant of all the vectors.

A Web page on Spreadsheets, Mathematics, Science, and Statistics Education

(Neuwirth, 1998) presented much useful information for teachers interested in ex-
ploring instructional applications of spreadsheets. Topics included (a) recommended
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books and journals, (b) papers about spreadsheets, (c) example spreadsheets and
projects, (d) general resources for spreadsheets on the Web, and (e) Web documents
explaining spreadsheet concepts.

The use of spreadsheets can enhance science instruction by helping students learn
to focus on the information needed to arrive at a conclusion in an efficient manner. It
is also conducive to development of higher-order thinking skills. The efficiency of
the process also allows more time for critical thinking and reflection, which will, in
turn, contribute to increased depth of teaching and learning.

Practice in preparation of spreadsheects also contributes to the type of profes-
sional development for science teachers advocated in the National Science Educa-
tion Standards (NRC, 1996). It requires knowledge and understanding of the science
concept to be treated as indicated in Standard A, and permits teachers to struggle
with real-life problems in meaningful contexts as indicated in Standard B. It is also
compatible with Standard C, which calls for “opportunities to learn and use the skills
of research to generate new knowledge about science and the teaching and learning
of science (p. 68).” Learning to develop and use computer-based spreadsheets in
classroom instruction will enhance the quality of science teaching by enabling teach-
ers to simultaneously introduce scientific concepts and engage students in system-
atic explorations using research methodology and critical thinking skills. In particu-
lar, spreadsheets can make statistical treatment of information a desirable and efficient
alternative to the descriptive statistics that might normally be generated. Specifi-
cally, the process allows for a more sophisticated, mathematically based conclusion
to a hypothesis involving science or science teaching.

Assessment of Critical Thinking Skills Development

Use of spreadsheets is an effective means to promote learning of critical thinking
skills, but how to evaluate student performance may be a perplexing problem for
many teachers. Nickerson (1984) proposed a solution: Teach writing, too. Writing is
a useful vehicle for teaching thinking, he noted, but “another major advantage of
writing...is that it yields a tangible product that can be evaluated (p. 33).”

At some point, a critical thinker must synthesize analyzed material and speculate
about conclusions. Subsequent reflection on the efficacy of speculations, once ar-
ticulated, is an excellent way for learners to develop and appreciate their own critical
thinking skills. Writing is a time-honored and effective method for making thought
visible, Meyers (1988) noted, and it enables a unique form of feedback that is equally
useful to the teacher and the student:

Though it is a time-consuming process, sitting down with students to go over
papers allows teachers to help the students see more explicitly their own thought
processes and thus become more aware of their progress in developing new modes of
critical thinking (p. 86).
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This approach to evaluation, coupled with the interactive teaching environments dis-
cussed earlier, embodies the best principles of close interaction of teacher and stu-
dent throughout the learning process. It also requires and reinforces independent
thinking and decision making and enables teachers to provide formative feedback as
students struggle to progress to increasingly higher levels of thinking. Printed re-
ports submitted to the teacher in the traditional manner or through computer commu-
nications via e-mail or attachments are equally effective. The important consider-
ation is that the process will require students to articulate their thoughts—and put
them out for critical review, first by themselves and then by an instructor. Once they
have visualized their thoughts through writing, most learners feel a sense of vulner-
ability as their work is exposed for all the world to see.

That sense of vulnerability, combined with the sense of ownership that learners
typically attach to work that is the product of their own intellectual processes, can
be a powerful motivation for developing critical thinking skills. In Piagetian terms,
this gives students a real, self-perceived need to know as much as they can about
effective thinking. Constructive feedback, provided in a manner that will enable
students to reenter the critical thinking process without fear of failure or penalty
for prior efforts, can build upon that need to know and help students hone their
thinking skills in a manner appropriate to their personal learning style. Requiring
written reports for assessment of student progress is, therefore, a potent stimulus
for learning that, if nurtured through positive formative assessment by a support-
ive teacher, can make appreciative scholars and creative thinkers of even the more
reticent students. Consequently, integration of writing into science teaching pro-
vides a strong motivation for development of clear and effective thought, and it is
an effective component of career preparation for entry into the current Information
Age employment arena.

Teachers involved in self-directed development of critical thinking skills can also use
writing as a vehicle for assessing their own performance. Although the process will not
provide the type of feedback they would provide their students, writing will help teachers
focus and review their thoughts. It will also enable teachers to lay their work aside for later
review from a more detached perspective of areader. As professional educators, most teachers
can learn much through self-assessments of this nature.

Conclusion and Suggestions for Self-initiated Development

As implied in the National Science Education Standards (NRC, 1996), systematic
professional development is largely a personal responsibility. It is an implicit theme
of this chapter that, in the end, effective professional development in computer edu-
cation and critical thinking is largely a matter of individual initiative and persistence.
Much introductory information can be learned from courses and workshops, but mas-
tery of either field is critically dependent upon persistent practice and extensions of
what is learned through largely self-directed explorations. This is especially the case
with the development of critical thinking skills.
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The following publications are recommended as intro- Requiring written
ductory readings for teachers interested in learning and teach-
ing critical thinking skills. After reading and reflecting on
the issues and options discussed in these publications, the assessment of
reader should have a sufficient understanding of the history student progress is a
and scope qf th.e topic to (a) review an-d evaluateildeas n potent stimu lus for
current publications and (b) select effective professional de-
velopment activities as needed. learning that, if

Dewey’s (1991) analysis of how people think presented a nurtured throu gh
compelling case for teaching critical thinking. The cultivation
of deep-seated and effective habits of discriminating thinking
is the business of education, he declared unequivocally, and assessment by d
“since these habits are not a gift of nature (no matter how strong supportive teacher,
the aptitude for acquiring them ...the main office of education
is to supply conditions that make for their cultivation (p. 28).” o
In as much as educators fail in that responsibility, he implied, appreciative
education fails to emancipate humanity from “the limiting in- scholars and
fluence of sense, appetite, and tradition (p. 156).”

McPeck’s (1981) book on the relationship of critical
thinking and education, like Deweys’, promotes the devel- even the more
opment of thinking skills as a fundamental purpose of edu- reticent students.
cation. However, McPeck emphasized an essential relation-
ship of content knowledge to effective critical thinking and contended that “there is
no...reason to believe that a person who thinks critically in one area will be able to
do so in another (p. 7).” He also emphasized the fact that those who would teach
critical thinking skills must first be proficient in those skills. Those teachers, in turn,
are an essential source of leadership. There are many unresolved and untested di-
mensions surrounding the relationship of critical thinking and education, he con-
cluded, and “whatever the final verdict about these issues, I would be greatly sur-
prised if it involved teachers who were nor themselves critical thinkers (p. 162).”

Nickerson (1984) summarized the kinds of thinking taught in most programs:
“The enhancement of thinking ability is...a major objective of the educational pro-
cess,” he declared, but “unfortunately, many students graduate from high school with-
out acquiring the ability to deal effectively with intellectually demanding problems
(p. 28).” His comprehensive breakdown of thinking skills programs according to
categories is especially informative for teachers seeking a concise overview of the
scope of the topic.

Sormunen and Chalupa (1994) discussed research in critical thinking skills, with
emphasis on developing evaluation techniques. Critical thinking is a teachable skill,
they concluded, and students who undergo instruction on thinking critically generally
do better on assessments than those who do not receive instruction. Their review and
criticism of current testing practices and tests is especially informative.

reports for

positive formative

can make

creative thinkers of
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Ruchlis (1990), a former science teacher, presented a challenging introduction to
and explication of the basic principles of critical analysis, using a large number of real-
life examples. This book is a stimulating introduction to the problems facing teachers
who would teach critical thinking skills amidst the flood of information that character-
izes the Information Age. Teachers like to learn from other teachers who have “been
there,” and for that reason this book is recommended as a source of inspiration and
encouragement to teachers who may feel overwhelmed by the challenge of teaching
critical thinking. There are many problems, he emphasized over and over again, but
teachers have a good foundation to build upon. Clearly, he concluded, there is reason
for optimism:

The many sources of error in reasoning described in this book may leave some
people feeling much too skeptical about the body of knowledge we possess.
They may wonder how much of it is really true. Such an attitude is not realistic,
because we would never accomplish anything if every fact and conclusion had
to be checked and verified before decisions were made. Fortunately, most of
the thinking we do in solving everyday problems is very effective and needs no
basic overhaul (Ruchlis, 1990, p. 232).
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As public education in America crosses into the next century, four national reports—
Everybody Counts (National Research Council [NRC], 1989), Professional Stan-
dards for Teaching Mathematics (National Council of Teachers of Mathematics, 1991),
Science for All Americans (American Association for the Advancement of Science,
1989), and National Science Education Standards (NRC, 1996)—call for dramatic
reform in science and mathematics education. When implemented, these reforms will
change what and how students learn, as well as the role teachers play in the school
reform movement. This paradigm shift in teachers’ roles is echoed in national educa-
tion reform reports (Carnegie Commission on Teaching, 1986; Holmes Group, 1986).
Pellicer & Anderson (1995) stated that if reforms are to take place in the entire school,
teachers must assume a variety of leadership responsibilities. Leadership responsibili-
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ties may include teachers working with their colleagues in improving instruction in
each classroom in the school. Instead of being receivers of change, these teacher lead-
ers will themselves become key decision makers, empowered to be the creators and
genuine owners of the reform, and will encourage their fellow teachers to do the same.
To prepare teacher leaders to take on these new roles, professional development
programs must provide interactive learning environments where teachers deepen their
understanding of science and mathematics content and pedagogy and sharpen their
leadership skills so that they can develop and implement
Research on adult unique plans for reform that suit the climate of their schools.
deve/opment and Research on adult development and the stages of teacher
the s tages o f teacher growth indicate that passive, one-size-fits-all approaches to
professional development will not produce the needed changes
gr owth indicate that | in our schools. If the end result is to help teachers become
passive, one-size- change agents for schoolwide reform in science and math-
ematics education, we have to start designing professional
development programs for teacher leaders differently.
to pr ofessional Current research (Carey, Frechtling, & Westat, 1997) re-
deve/opment will ports the need for effective teacher leader professional de-
not pro duce the velopment programs that result in dissemination at the school
level. In order to achieve schoolwide results, Darling-
needed Changes in Hammond & McLaughlin (1995) called for a new kind of
our schools. professional development that includes problem solving,
brainstorming innovative ideas, and generating school plans
collaboratively. Other factors to be included are knowledge about leadership styles
and skills for team building, resolving conflicts, decision making, building visions,
and problem solving (Loucks-Horsley, Hewson, Love, & Stiles, 1998) and the op-
portunity to practice these same leadership skills (Pellicer & Anderson, 1990).
O’Connor and Boles (1992) reported that teacher leaders need to have a good under-
standing of school politics and the change process, as well as the following skills:
communication with adult learners, group dynamics, and how to conduct and orga-
nize workshops. Hatfield, Blackman, Claypool, & Master (1987) identified teacher
leaders’ need for the following attributes: flexibility, patience, and the ability to com-
mand respect. In addition, they noted the importance of knowing how to work with
others and how to communicate well. Research reported by Zinn (1997) identified
four key factors within the educational arena that support new teacher leadership: (a)
a climate that is supportive of teachers as key decision makers (Bennis, 1989;
Garmston, 1988; Leithwood, 1992; Pellicer & Anderson, 1995); (b) principals or
other administrators who are supportive (Barth, 1988; Conley, Schmidle, & Shedd,
1988; Hanson, Thompson, & Zinn, 1993; Lieberman, 1988; Pellicer & Anderson,
1995); (c) teachers supporting each other (Bolman & Deal, 1994; Bredeson, 1995;
Wasley, 1991); and (d) a supportive relationship with colleagues, such as central
office personnel (Lieberman, 1995; Darling-Hammond, 1995).
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Informed by teacher leader research, North Carolina implemented an initiative
for teacher leader professional development. Programs were used that included criti-
cal elements and strategies to develop and support the teachers in their new leader-
ship role of bringing reform to the entire school. The North Carolina Mathematics
and Science Education Network (MSEN) conducted these statewide professional
development programs for elementary school reform in science and mathematics
and the U.S. Department of Education’s Fund for the Improvement and Reform of
Schools and Teaching (FIRST) funded a three-year grant for this project. The FIRST
project sponsored 15 professional development programs designed and implemented
at eight university sites involving 180 school leadership teams, representing 360
elementary teachers in all. The two-teacher teams agreed to lead their staffs in mak-
ing schoolwide change. Teacher leaders assumed different roles depending on the
needs of their school. These roles included classroom role model, workshop facilita-
tor, grant writer, resource lab person, and curriculum innovator. The professional
development programs used a standards-based approach that included hands-on/
minds-on strategies and activities that extended over time to prepare these teacher
leaders for their new roles. Carey, Frechtling, & Westat (1997) referred to this ap-
proach as “best practices” in professional development. Each of the 15 FIRST pro-
grams had a similar framework but varied in the amount of time and emphasis placed
on content, pedagogy, and leadership skills. However, within this variance, four critical
elements and related strategies were a part of each program.

What elements should be included in professional development programs to create
teacher leaders who have the skills to bring about whole school reform—reform that
impacts and is reflected in every teacher’s classroom? This question will be addressed
in this chapter. The learnings come from the North Carolina FIRST initiative and focus
on one of the 15 programs that were implemented across North Carolina.

Critical Elements of Professional Development Programs for Teacher
Leaders

From the onset of the FIRST project, the planners realized that merely declaring a
teacher “teacher leader” would never bring about the desired results. They under-
stood that creating teacher leaders who would reform science and mathematics edu-
cation at the school level required extensive professional development. The chal-
lenge was to design a comprehensive professional development program that would
give teachers the skills needed for their new role. The professional development
model used to support science and mathematics reform and teachers’ new leadership
roles focused on the following four key elements: 1. Designing and implementing
long-term professional development; 2. Building teachers’ capacity for shared deci-
sion making; 3. Creating a supportive environment for the teacher leaders; 4. Incor-
porating assessments. To implement these, the program included a series of strate-
gies. (See Table 1.)
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Table 1: Critical Elements and Strategies Needed to Develop and

Support Teacher Leaders

1. Designing and Implementing Long-Term Professional Development
Strategies Used:
Build a multiphased professional development program.
Create time for reflection.

2. Building Teachers’ Capacity for Shared Decision Making
Strategies Used:
Administer a needs assessment.
Design a school improvement plan (SIP).
Allow for review of professional development activities.
Process leadership content and practice leadership skills.

3. Creating a Supportive Environment for the Teacher Leaders
Strategies Used:
Provide principal support.
Allow time for two-teacher team collaboration.
Include time for teams of teacher leaders to problem solve with other teams.
Include project staff support during implementation phase.

4. Incorporating Assessments
Strategies Used:
Conduct formative assessment.
Conduct summative evaluation.

Critical Element 1: Designing and implementing long-term professional
development.

Teacher leaders experienced professional development that created a community of
learners and provided time for the reforms to take hold.

Strategies:

Build a multiphased professional development program.

The professional development program was one-and-a-half-years-long. The teacher
leaders participated in approximately 30 days of professional development, includ-
ing preassessment sessions, a summer institute, academic-year follow-up sessions,
and a final workshop the following summer. Preassessment sessions provided the
teacher leaders with a vision of elementary science and/or mathematics teaching
according to the national standards. In addition, the sessions included the opportu-
nity for the teachers to assess the needs and strengths of their school’s science or
mathematics programs. The summer institute included opportunities for the teacher
leaders to increase-their skills and knowledge of content, pedagogy, hands-on/minds-
on instruction, and leadership strategies. Academic-year follow-up sessions provided
a supportive environment for teachers to share successes and challenges they en-
countered as they implemented reforms in their schools and the opportunity to make
revisions to implementation plans when needed. The summer workshop oftered a
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final opportunity to cover needs and concerns of teacher lead- Traditional staff

ers, as well as. to make future plans for implementation of develo pment
reforms at their schools. .

experiences often
Create time for reflection. do not include time

Traditional staff development experiences often do not in-
clude time for analysis and reflection. However, in the FIRST i
program, reflection was viewed as an essential strategy that reflection.

helped teacher leaders integrate science or mathematics re-

forms with their prior knowledge. In addition, they had the time to plan how they
would present the reforms to their school staffs, and this reflection allowed them time
to take into account the unique circumstances of their individual school settings.

for analysis and

Critical Element 2: Building teachers’ capacity for shared decision making.

The professional development leadership programs directly involved the teacher lead-
ers in decision making. At the same time they developed their own decision making
skills, they also learned how to foster shared decision making with their school peers.

Strategies:

Administer a needs assessment.

Teacher leaders administered an assessment to their school’s entire faculty and admin-
istration to identify the strengths and weaknesses of their mathematics and science
programs. The results of this assessment identified needed changes at the school. The
assessment also ensured that staff members participated in the decision making pro-
cess by identifying specific changes for their schools. The assessment instrument was
modeled after the National Science Teachers Association’s School Science Program
Guidelines for Self-Assessment and was developed by the University of North Caro-
lina MSEN (Franklin, 1990). It provided a picture of the science or mathematics pro-
gram at each school by asking the teachers what was going on currently and what
should be going on. These two questions helped identify the strengths and weaknesses
in four areas: science or mathematics curriculum, instructional practices, student as-
sessment, and the school environment.

Design a school improvement plan (SIP).

Based on the results of the needs assessment, each teacher leader team developed its
school’s plan for mathematics and/or science reform. The SIPs included identified
needs with objectives and strategies for addressing these needs. Most teacher leaders
took the completed working draft SIPs back to their school staffs for input, discus-
sion, and revisions so that the final product would reflect the ideas of the entire
faculty. All but four of the 183 teams completed SIPs. The results of the needs as-
sessment formed the basis for all the SIPs and, in that sense, involved input from the
school faculty. However, at least half of the teams provided opportunities for discus-
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sion and feedback from their faculties, in addition to filling out the needs assess-
ments (Franklin, 1993).

Allow for review of professional development activities.

The teacher leaders had numerous opportunities to critique and change the profes-
sional development activities, which ensured that the activities would assist them as
they implemented their SIPs. Depending on the decisions made by the teacher leaders,
the professional development program included varying amounts of time for content,
pedagogy, and leadership skills. Through an ongoing process of review, the profes-
sional development program served as a model for shared decision making and evolved
as a vehicle to develop committed teacher leaders who would bring about science and/
or mathematics reform. In turn, teacher leaders also allowed their school staffs to cri-
tique the professional development activities that they offered as part of their SIPs.

Process leadership content and practice leadership skills.

Paramount to bringing about change at the school level was the knowledge of how to
work with teachers at their schools to introduce new reform ideas, concepts, and peda-
gogy, as well as the knowledge of how to serve as a facilitator who could increase
teacher ownership, involvement, and investment. Sessions on leadership content fo-
cused on areas such as team building, stages of adult development, teacher develop-
ment, learning styles, and workshop presentation skills. In addition to leadership con-
tent, the teacher leaders experienced opportunities to practice leadership skills by
presenting reforms in mathematics and/or science to the other teacher leaders.

Critical Element 3: Creating a supportive environment for the teacher leaders.
A supportive environment during each phase of the program fostered fuller imple-
mentation of the reform initiatives at the school level.

Strategies:

Provide principal support.

Because the principal’s commitment to the project was crucial to the outcomes of the
project, his or her involvement was essential throughout the professional develop-
ment program. In each phase, the principal participated in full-day or partial-day
activities in which the teacher leaders and the principals had time to discuss, plan,
and solve issues related to implementation of the SIP. With advice from the princi-
pals, the teacher leaders gauged the readiness levels of their school staff and deter-
mined the most appropriate strategies to use. Areas of principal support reported as
most valuable by teacher leaders included supplying resources, release time, space,
encouragement, and praise. One teacher leader described her principal’s support with
the following comment: “Well, he attended our workshop and participated in all the
activities....And because he was there actually doing it with us, other teachers re-
sponded well to it (Franklin, 1993, p. 45).”
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Allow time for two-teacher team collaboration.

A key aspect in the project design was to identify two teacher leaders per school who
together made up the leadership team. This allowed the teacher leaders to provide
ongoing support for one another back at their school as they implemented their SIP.
An additional support mechanism that the professional development program used
was formal and informal peer coaching. The teacher leaders used formal peer coach-
ing when they conducted five school-based observations of each other in which they
focused on an area related to their leadership role. This focus area was one they
wanted feedback on and one they had identified during a preobservation conference.
After they observed each other, they held follow-up conferences to share their feed-
back. These formal peer coaching sessions were described by one teacher leader:
“The person who did our leadership session...showed us how to go about improving
our leadership skills.... The other teacher leader (at my school) was a tremendous
support and we practiced leadership with each other (Franklin, 1993, p. 74).” The
teacher leaders also practiced informal peer coaching with each other when they
shared, discussed, analyzed, and reflected upon problems and solutions in an infor-
mal, nonevaluative manner.

Include time for teams of teacher leaders to problem solve with other teams.
The professional development program schedule included time for teacher leaders to
discuss problems and successes they experienced as they planned and implemented
their SIPs. One teacher leader described the support she received from other teacher
leaders in this way: “I think one of the pluses in it [professional development pro-
gram] was how we were able to share with teachers.... We can sort of get together
and share, maybe something that I'm doing can help you and maybe something that
you’re doing can help me (Franklin, 1993, p. 73).” One problem that most teams
encountered was how to engage the “resistant” teacher. Sharing successful strategies
helped the teacher leaders build on each others’ strengths, plan appropriate action,
and prepare themselves with the skills necessary to bring reform to their school. As
each team shared its problems with the other teams, they realized that they often had
the same problems experienced by others. This problem solving helped the teachers
feel less isolated by providing them with a climate where they shared encourage-
ment, solutions, and successes.

Include project staff support during implementation phase.

Project staff provided ongoing support during follow-up sessions to address the teacher
leaders’ needs. This included school site visits, telephone calls, workshop presentations
at the school, and one-on-one discussions.

Critical Element 4: Incorporating assessments.

The professional development programs included ongoing assessments of teacher
leaders’ needs and successes.
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Strategies:

Conduct formative assessment.

Ongoing assessments identified the teacher leaders’ needs and the successes of the
professional development program. Throughout development and implementation
of the program, the project staff used the needs of the teacher leaders to refine and
guide the program design. The program included assessments done on both a daily
and monthly or bimonthly basis through the use of small-group discussions, com-
ment cards, and journals. Specifically, teachers gave daily feedback on the program’s
effectiveness in helping them implement their SIPs. In addition, the Concerns-Based
Adoption Model (Hall & Hord, 1987), which details teachers’ stages of concern when
implementing an initiative, was presented as part of the professional development
sessions to help the site coordinators respond to the teacher leaders’ changing con-
cerns. Other techniques, such as Focus Group Interviews and Home Groups, were
used. The Focus Group Interview technique gathered perceptions of six to eight teacher
leaders at one time as they progressed through the staff development process. Home
Groups collected assessment data by providing teacher leaders with time to talk in-
formally together in small groups for the purpose of evaluating the progress of the
professional development program. The key to the successful implementation of the
Home Group technique was allowing teachers enough time together in their groups
to develop a trust level that fostered open sharing of their needs.

Conduct summative evaluation.

The summative evaluation measured the project’s impact on the school level be-
cause this was the desired outcome of the project. Several stakeholders involved in
the project—the teacher leaders, their principals, and other teachers at their schools—
gave feedback and perceptions regarding the success of the project. Three different
data-gathering methods were used (Franklin, 1993.):

a. SIPs and Progress Reports. At the end of the project, the team of teacher leaders
reviewed the SIPs and rated each objective in terms of {(a) whether or not it was
accomplished and (b) the degree to which it was accomplished. Thirty percent of
teams (52 schools) from programs across the state rated their objectives as “ex-
ceeded” or “accomplished.” Fifty-eight percent (101 schools) rated their objec-
tives as “nearly accomplished” or “in progress.”

b. Pre- and Post-Program Assessments. At the beginning and end of the project, ran-
domly selected teachers at the schools rated the science and/or mathematics pro-
gram at their school. Thirty statements that characterized an effective program
related to science and/or mathematics curriculum content, instructional practices,
student assessment techniques, and the school environment were given achieve-
ment ratings. Forty-two percent of schools from programs across the state showed
increases of 10 percent or more on their ratings. Given that these randomly se-
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lected teachers were not those directly receiving the professional development,
these results show the project’s positive impact on the entire school, not just on the
teacher leaders’ classrooms.

c. Interviews and Narrative Comments. At the end of the project, the teacher lead-
ers, other teachers at their schools, and the principals responded verbally and in
writing to open-ended questions describing project-related changes they had seen
in their schools following project implementation. Across all respondents from
programs across the state, the most frequent change cited was increased use of a
hands-on approach to teaching mathematics and science. Other changes men-
tioned were increased positive attitudes toward mathematics and science for both
students and teachers and the increased availability of resources for teaching
mathematics or science.

Conclusion

This chapter describes critical elements from the FIRST initiative and answers the
question of how to design effective teacher leader professional development pro-
grams. Having defined the key elements, the challenge centers on the balance of
those elements. The question becomes: How much time should be devoted to con-
tent and pedagogy versus leadership? Content and pedagogy need professional de-
velopment time or else the teachers may not have the required knowledge of the
discipline or know how to best deliver it. If, on the other hand, content and pedagogy
take up too much time, and not enough time is given to the leadership aspects of their
new role, then teacher leaders may not have the necessary skills to influence other
teachers’ practices. Of course, how much attention needs to be given to content and
pedagogy versus leadership skills depends on the skills, expertise, and experiences
that the participating teachers bring to the professional development program in the
first place. In order to provide the teachers what they need, a needs assessment should
be given at the beginning stages of the program design. In addition, the climate of the
schools where the teacher leaders will be working, the principal’s orientation, and
the district’s priorities may all play a role in how well a newly-defined teacher leader
can help bring about changes.

Although most professional development programs in the fields of science and math-
ematics provide subject content and pedagogy, they often leave out the development of
leadership skills and teacher leaders who can translate the reform into other teachers’
classrooms in their school. One of the unique features of North Carolina’s FIRST initia-
tive was the inclusion of a leadership development component that gave teachers an
additional tool to change science and mathematics instruction not only in their own class-
rooms, but in the classrooms throughout their schools.
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Karen J. Charles and Francena D. Cummings

Karen ). Charles is a senior program specialist with the Eisenhower Consortium for Mathematics
and Science Education at SERVE. In this role, she has served as the coordinator of the Technical
Assistance Academy for Mathematics and Science Services, a professional development institute
for staff developers, and as coordinator of professional development activities for the Consor-
tium. Honors include the Tandy Technology Scholar Award, First Union Back Outstanding Young
Educator Award, and NC Region VIl Science Teacher of the Year.

Francena D. Cummings is the director of the Eisenhower Consortium at SERVE, an educational
organization focused on improving learning through research and development. In this role, she
has responsibility for developing and implementing a plan to improve mathematics and science
reform in the southeastern states. For a significant part of her career, she has provided a variety of
technical assistance to school improvement initiatives in Maryland and Texas. Honors include
Teacher of the Year and national president of the National Council on Educating Black Children.

Do you know this department chair?

During the 1995-96 school year, I was not only a high school mathematics
teacher, but also a slightly reluctant department chairperson. My style of lead-
ership was challenged only by having to put out the largest fire first. Most of
the department meetings were spent making announcements. Of course, | had
to rush through because half my audience became bored stiff while the other
half dashed off to an emergency doctor’s appointment or athletic practice.
Though I was given a job description, my basic duties amounted to counting
textbooks and issuing supplies. I didn’t know how to do much more than this.
But [ had a desire to see my fragmented, disjointed department transformed
into a cohesive group of colleagues that would pool their talents and resources
to meet the challenges facing our students. 1 realized that I knew mathematics,
but I did not know effective professional development strategies with which to
engage my staff.

—Veronica King (personal communication, April 1998)
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Or, can you identify with this staff developer?

I was a schoolteacher for 30 very good years; but in 1994, I left my 4th grade
classroom to become education coordinator of a new elementary science reform
initiative involving the University of Alabama at Birmingham and six local school
systems. The project director and I were expected to work with hundreds of dy-
namic teachers and their school systems’ curriculum specialists. We were Lucy
and Ethel, wrapping pieces of candy that sped by faster and faster on the con-
veyor belt. Many pieces were getting away! We believed that we had been good
classroom teachers, but we had to become professional development
consultants...quickly!

—Joan Dawson (personal communication, April 1998)

These are real educators with real and immediate needs. In the field of educa-
tion, the transition from classroom teacher to staff developer is not uncommon.
What is uncommon is that any type of support might accompany this transition.
Most teachers and statf developers have not encountered statf development classes
in education course work (at any level) nor is there an abundance of inservice
workshops dedicated to the development of staff developers. This begs the ques-
tion: Where do staff developers and other educational leaders learn this craft and
find the follow-up support necessary to experience ongoing personal professional
growth to sustain themselves? Further, how might professional development pro-
grams be designed to help staff developers deepen their content and pedagogical
knowledge regarding teaching and learning science and mathematics?

The Eisenhower Consortium for Mathematics and Science Education at SERVE
(referred to herein as the Consortium) recognized the real needs of these real
educators and designed the Technical Assistance Academy for Mathematics and
Science Services (TAAMSS,; referred to hereafter as the Academy) as a vehicle
to build regional capacity for systemic reform. This chapter provides an over-
view of the Academy, highlighting features of the design, some evidence of
changes in participants who were involved, and lessons learned from the Acad-
emy experience.

Designing the Academy

Context Setting

According to the National Education Goals Panel report (1991), U.S. students will
be first in the world in science and mathematics by the year 2000. To a great extent,
this goal is the focus of systemic reform in mathematics and science. In simplest
form, systemic reform means aligning policies and programs of a system to support
the development and implementation of standards in mathematics and science for
the improvement of teaching and learning for all students. Standards-based reform
calls for schools and teachers to replace the practice of transmitting knowledge and
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facts with active engagement that promotes deep understanding, critical thinking,
and authentic learning. According to McLaughlin and Talbert (1993), this approach—
teaching for understanding—requires classrooms in which students and teachers de-
velop knowledge collaboratively, where facts are challenged continually in discourse,
and where teachers as well as their students engage in learning and inquiry. New
roles for teachers and learners require rethinking skills and developing new support
systems for teachers—new forms of support for professional growth and change.

The ideas advanced by McLaughlin and Talbert are representative of those found in
current reform documents such as the National Science Education Standards (NSES;
National Research Council, 1996), Science for All Americans (American Association for
the Advancement of Science, 1989), and the National Council of Teachers of Mathemat-
ics Standards (NCTM) Curriculum and Evaluation Standards for School Mathematics
(1989) and Professional Standards for School Mathematics (1991). These ideas are won-
derful and challenging; however, according to a recent report from the National Com-
mission on Teaching and America’s Future (1996), wonderful ideas tend to stop short of
the desired outcomes.

Wonderful curriculum ideas fall flat in classrooms when they are not understood
or supported by the rest of the school. And increased gradu-
ation and testing requirements create only greater failure if Wonderful
teachers do not know how to reach students.

On the whole, the school reform movement has ignored .
the obvious: what teachers know and can do makes the cru- flat in classrooms
cial difference in what children learn. And the way school when they are not
systems organize their work makes a big difference in what
teachers can accomplish. New courses, tests, and curriculum
reforms can be important starting points, but they are mean- suppor ted b y the
ingless if teachers cannot use them well. Policies can only rest of the school.
improve schools if the people in them are armed with the
knowledge, skills, and supports they need. Student learning in this country will im-
prove only when we focus our efforts on improving teaching.

The message from this passage is that teachers and teacher competence must be at
the heart of any efforts to change teaching and learning. This is especially true in math-
ematics and science classrooms because current mathematics and science reform chal-
lenges the views many teachers hold about who can leamn these subjects and what is
involved in teaching them. Increased student diversity provides still another challenge:
to address a variety of learning styles and individual differences.

Most districts, local schools, and state educational agencies rely on professional
development as a primary strategy to help build both organizational and individual
capacity to implement and maintain change. However, in many cases, professional
development activities offered are too short and episodic and lack intensity and follow-
up. Further, the nature of the professional development design is not sufficient to build
skills and knowledge for the support of continuous improvement. The preceding thoughts

N
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were ever on the minds of the Consortium staff when the Academy was envisioned.
The challenge was to think and plan conceptually for a holistic approach to profes-
sional development.

In many cases, | Goal Setting

professional | The Consortium has the mission of improving mathematics
and science education, and the Academy was chosen as a ve-
hicle to reach more science and mathematics professionals
activities offered | across the southeast. How could this happen? The Academy
are too short and | Wwas designed as a means to build both individual and organi-
zational capacity to support those professionals who have some
responsibilities for designing, conducting, and supporting pro-

intensity and | fessional development for mathematics and science educators.

follow-up. Seventy-five educators from six southeastern states (Ala-

bama, Florida, Georgia, Mississippi, North Carolina, and South

Carolina) accepted the invitation to participate in the Academy. The one major crite-

rion for acceptance was to have solid content knowledge in the areas of mathematics

and/or science. Prospective Academy members also needed to embrace a variety of
approaches to learning, for example, effective questioning, problem posing, etc.

The design of professional development is a complex process and the Consor-
tium staft kept this in mind, stringing together the various themes and topics that
informed our work. All activities had to align with the major goal of building ca-
pacity through creating a develop-the-developer model to support the delivery of
professional development and technical assistance to local districts. As a result of
extensive thought and lengthy discussion of Academy goals, the journey was charted.
In keeping with the notion that “less is more,” the following concepts informed our
work:

development

episodic and lack

Everyone can learn.

Learning requires active participation.

Everyone comes with a wealth of expertise.

Context matters.

Significant issues must be continuously identified and addressed.

Community building is important for the learner.

Questions are our friends.

There is no need to reinvent the wheel; use existing strategies and resources.
Problem solving is our intent.

L IR JEE JBR JEE JBR 2N 2B JER 2

Making Change, a simulation game about the change process, was a tool used to aid
participants in thinking about their work and identifying their expectations. Because ev-
eryone can “win” when playing Making Change, the activity became a central part of the
Academy design and inspired our theme, The Wins of Change. In this model of win-win,
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student benefits (a message from Making Change) were the bottom line. The major Cur-
riculum resource was Facilitating Systemic Change in Science and Mathematics Educa-
tion: A Toolkit for Professional Developers (Regional Education Library Network, 1995;
hereinafter referred to as the Toolkir) because materials in the Toolkit focus on change as
related to mathematics and science education. In particular, there is a focus on initiating,
planning and managing change.

Planning the Academy

Table 1 (p. 55) lists the overall goals and objectives of the Academy. These goals were
established prior to the first Academy meeting. While recognizing the value of partici-
pant input, the best data from regional work and from effective research were used to
get started. A structure was then created that provided for input into the decision mak-
ing process for the Academy. Each state team (a multipurpose structure devised for
members of each state to interact as needed) appointed a state facilitator to meet with
the Consortium staff between sessions to review and revise upcoming agendas based
on both team and individual needs and concerns. Also, participants provided a wealth
of written input at each session; this was used to create activities, design experiences,
and invite specialists. The “good teachers” invited the “students” into the learning
process by outlining the anticipated journey and then asking for suggestions for ve-
hicles that would move the process along.

Doing the Academy

What was to become the first phase of the Academy, 1996-1997, included four ses-
sions, TAAMSS I-1V. Participants were offered a unique opportunity to partner in a
long-term professional development experience that would include not only partici-
pation in an ongoing professional community, but also support in their individual
roles back home. Each four-day session was held in a comfortable environment,
providing an atmosphere where participants could concentrate fully on their Acad-
emy experiences and easily network with colleagues from across the region. Table 2
(p. 56) represents a glimpse of the content provided in the Academy sessions. While
discussion is limited to the details of the sessions, summaries are included.

The Academy Journey _

The road map for the Academy journey featured a clearly marked route: the four
sessions mentioned in Doing the Academy, with several roadside stops. Each seg-
ment of the journey focused on the major content. The roadside stops highlighted
some behind-the-scenes thinking and learning from the journey. The discourse that
emerged was very important, and attempts to capture the essence of this process
were made through sharing the “journey talk.” The journey talk was guided by the
action that occurred along each segment of the trip: What worked? What needed to
be changed? What has been learned? Are the needs of the participants being met?
This process was a way of addressing continuous improvement.
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TAAMSS |

TAAMSS I was crucial to the success of the Academy because it was the first public
platform to convince participants of their roles in capacity building for mathematics
and science. To develop the right focus, finding the right blend of content, process,
and affect would be the challenge. The session began with activities designed to
build community through data collection around personal needs and interests. It then
moved to engaging participants with the Toolkit, a curriculum resource used through-
out the Academy. Activities from the Toolkit reinforced many of the TAAMSS 1
goals: to experience reflective thinking and collaborative problem solving in staff
development sessions; to draw on each others’ professional experiences; to actively
engage in acquisition and construction of knowledge; and to develop a community
of learners committed to systemic reform in mathematics and science education.
Because commitment to systemic reform requires understanding the big picture of
change in education, the challenge was to assist participants in developing new skills
and knowledge that would enhance their understanding of systemic change. Con-
veying the interconnectivity of all Academy activities was particularly important in
establishing and implementing a vision of successful learning by all students. A nec-
essary strategy was to find an approach to help participants think systemically about
improving mathematics and science education. As mentioned earlier, the simulation
game, Making Change, not only focused participants on the implementation of sys-
temic change, but also created a high-energy environment in which a learning com-
munity could begin to form.

Since many of the participants were unknown prior to initiating the Academy,
activities that would build knowledge about self were elected as starting points. A
personality styles inventory based on self-assessment, True Colors (Lowry n.d.) was
implemented. After reflecting through this new lens (Am I blue, orange, green, or
gold?), participants wrestled with a problem presented that involved using their new
knowledge to create teams that could effectively and creatively complete a given
task. Two years later, people are still using what they know about personality from
both True Colors (Lowry, n.d.) and Gregorc’s (1982) Style Delineator: A Self-As-
sessment Instrument for Adults (in a subsequent session) to build effective teams, to
assign tasks, to design workshops, and to facilitate meetings. The information is
relevant to their work and has been used to create better understandings of team-
mates, coworkers, and clients.

Roadside Stop I: Understanding Change

Community building was imperative during the first segment of the journey. Recog-
nizing that affect is a crucial part of the learning community, the heart was the target,
attempting to tap the emotions of the participants and to tease their readiness for
change. Affect reigned when participants engaged in substantive activities that spoke
to human needs and diversity. The structures that enabled people to connect were
established. An environment to promote learning through collective aspiration was
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created. Together, participants reflected on where they were in their staff develop-
ment journeys and where they wanted to go. Activities like A Song in my Heart,
Southern Voices, and Making Change Happen were great for the trip.

Within the safety of the community, participants began to realize that improving
might require changing. If they were to become better staff developers, improve-
ment may not include refining a current skill. It may necessitate deep change—re-
thinking what was being done and how it was being done. It may take reexamining
goals and outcomes in the light of new ideas, approaches, and strategies. It may take
abandoning current yet comfortable skills in favor of innovation and risktaking. Could
quality learning experiences that would help the participants change continue to be
provided? What features of the design would get the learners where they wanted and
needed to be?

TAAMSS 1

In TAAMSS 11, the agenda featured the usual components as shown in Table 2. The
recurring themes of standards-based lessons, change, and equity are the components that
continued to serve as the compass for the Academy design. With the constant emphasis
on systemic change, it was vital to recognize the importance of individual change to
system change. The mechanism used to guide the participants in their understanding of
change was the Concerns-Based Adoption Model (CBAM). The CBAM framework al-
lowed reemphasis with participants on the importance of understanding how individual
concerns fit into the big picture of working systemically to implement changes in math-
ematics and science reform.

Although science and mathematics content is not a primary focus for the Academy,
there is always an effort to focus on some aspect related to effective teaching and
learning of these disciplines. In session II, activities to show content specialists mul-
tiple ways to think about curriculum were designed, providing new ideas that could
easily be transferred to their clients. For example, the writings of Rowe (1978) helped
shape a pendulum activity (a revisit to TAAMSS 1) that featured not so much the sci-
ence of pendulums as the different emphases teachers could take in presenting the
concept: process skills, discovery, problem solving, or content. Depending on one’s
purpose (or emphasis), the pendulum lessons can shape up very differently. This was
truly an “aha” for the staff developers as they reflected on their own particular biases in
presenting content. Rowe suggested that this type of personal reflection concerning
one’s own approach to curriculum is critical to student success when she wrote:

But curriculum is not a static thing. We change our conceptions of what content
and emphasis should prevail as we accumulate experience and try to foresee
the kinds of futures in which our children will have to operate. Will what we do
develop sufficient flexibility and sufficient mental and emotional fluency to put
them in command of their fates rather than make them victims of circumstance

(p. 23)?
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Do educators want This very powerful statement gets to the heart of the
equity issue that continues to be a challenge in making sci-
. ence for all children a reality. Do educators want to create
who will be | gudents who will be consumers of knowledge? Or should
consumers of students be the knowledge makers? Rowe provided a chal-
lenge through her query of whether to provide nurturing
and challenging experiences to students such that they be-
should students be gin to see the possibilities for controlling what and who
the knowledge | they become. Rowe clearly supported the notion that sci-
ence programs can make a difference in how children per-
ceive themselves in relationship to what happens in their
environment. Providing opportunities for students to con-
trol variables in the context of a science lesson provides a start.

to create students

knowledge? Or

makers?

Roadside Stop Il: Approaches to Content Delivery

Would the participants value a revisit to the pendulum lesson? This was a dominant
thought while reflecting on the second segment of the journey. Professional Standard B
(NSES) says that: “Professional development for teachers of science requires integrat-
ing knowledge of science learning, pedagogy, and students; it requires applying that
knowledge to science learning (National Research Council, 1996, p. 62).” Like teach-
ers, staff developers must ask some basic questions about curriculum delivery. More-
over, they should engage in discourse about a variety of curricular approaches. With
regard to curriculum approaches, it was discovered that the group varied in its thinking
about curriculum (when pushed) but most often, they had not given a lot of conscious
thought as to why they do what they do. While beliefs about curriculum approaches
were a very basic platform, it was an important topic of focus for the clients.

As mentioned in the section on Planning the Academy, input from state facilitators
and participants guided the design of TAAMSS II-IV based on information gathered
during TAAMSS 1. For example, during TAAMSS 1, participants asked specific ques-
tions about the structure of the activities they were experiencing. They learned at
TAAMSS 1I that the key format embedded in all Academy sessions was: engage, ex-
plore, explain, and apply (EEEA; See Table 3). These four words not only provided the
design format for all Academy experiences, but also continued to serve as the key
components of all model lessons for students and of all model workshops for staff
developers. As a key tool of the Academy, they provided a framework from which to
build constructivist experiences for all learners. Participants received an EEEA grid for
every session presented at TAAMSS 11 to further reinforce this concept. Immersion
into workshop design would be the next stop.

TAAMSS 1l
The Wins of Change continued to strengthen the network as TAAMSS I focused on
workshop design. In a previous survey, participants selected workshop design as a criti-
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cal content piece for their professional growth. To honor the commitment to their input,
advice was sought from the National Staff Development Council (NSDC), whose lead-
ership suggested a consultant. With her input, an agenda for TAAMSS 111 was designed
around NSDC’s Standards for Staff Development (1995), the principles of adult learn-
ing, and the EEEA grid that was now the cornerstone. This idea had been purposefully
initiated through the activities of earlier academy sessions with the hope that partici-
pants would make the connection. TAAMSS I was opened with Hello Gorgeous, a
light-hearted reflection activity enhanced by the Supremes singing in the background
“reflections of the way things used to be.” Physical clues of previous TAAMSS activi-
ties were demonstrated, and participants were asked to think about how the activity had
caused them to see things differently. Without ever knowing it, their collective and
shared memories about personal and professional changes and about how they were
helping their clients think differently about curriculum set the stage for the intense
introduction to workshop design that was to follow. Reinforcing previous concepts of
understanding change and approaches to content delivery in math and science content
sessions sprinkled throughout TAAMSS II1. Manipulatives, such as cuisinaire rods and
paper airplanes, helped explain how experiences build knowledge.

During the next several days, participants not only examined and sharpened their
conceptual workshop design skills, but also enhanced their technical skills with af-
ter-hours sessions on computer software applications for electronic presentations. In
“completing the package” for the workshop designer, it became necessary to aug-
ment the pedagogy with the latest technology tools available for adding a profes-
sional touch to presentations.

Roadside Stop Ill: Workshop Design
Designing ways for participants to discover for themselves the threads connecting
Academy sessions was always a challenge. Did the opening activity, Hello Gorgeous,
invite them to continue community building? Could their world be tapped into by
observing their choices of creative presentations? Yes, the strategy worked. Without
the tedium of a typical review session, participants revisited their past Academy expe-
riences in order to prepare themselves for the next lesson—workshop design.
Concern existed that there was more direct delivery of information in this session
as would be expected when the intent was to “explain.” Participants became ac-
quainted with the NSDC standards for staff development and began to realize that
staff development was a distinct field of study, with its own content standards and
pedagogy. Would this information alone enhance their transition from teacher to staff
developer? Perhaps not. Fortunately, a seasoned staft developer was found whose
two-day presentation modeled a constructivist approach workshop design. She skill-
fully led the participants through a series of highly interactive and reflective experi-
ences that mirrored expressed convictions about the role of constructivism in staff
development. Indeed, seeing and hearing change began through the discourse that
emerged in both formal and informal structures. The Academy was reinforcing
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Fosnot’s (1989) contention that educators build community dissecting and reflecting
on their experiences to build new knowledge. For the first time, many realized (con-
structed) that some former skills were not suited for this journey. In keeping with the
journey metaphor, staff developers were advised to pack for a trip then to remove
some of the items in their “suitcase” with the promise that more than enough would
remain. All bags were lightened during TAAMSS III as preparation began to dis-
close what old stuff was selected for keeping and what new stuff was selected to add.
Would the newly designed travel bags be enough support through TAAMSS IV?

TAAMSS IV

Across the southeast, staff developers specializing in mathematics and science were
already content specialists. Time and again, however, by their own admission, they
lacked facilitation skills—considered by many to be the art of helping someone
learn something without getting in the way of either. Development and extension
of these skills provided the glue that bonded the Academy and supported its de-
sign. The basis of what the learner knew (in their case, content), combined with
their prior knowledge, could begin to help them construct new knowledge (the
pedagogy of staff development). It was no secret that by seeing this concept mod-
eled, they would, in turn, use it with their clients (teachers), who would then incor-
porate its use with their clients (students).

Academy members were responsible for most activities presented at TAAMSS
IV. It was time for them to showcase their presentation skills and knowledge, apply
content and staff development standards, enhance their reflection practices, and cel-
ebrate their success. The design of TAAMSS IV had to be the right blend of stan-
dards-based challenges, purposeful rigor, and opportunity for success. Participants
were given two choices. They could opt to join a six-member team and codevelop a
general session (1.5-2 hours) for the whole group to observe and critique. The Con-
sortium staff predetermined group presentation topics and offered these choices: A
Model Kickoff (a large-group tone-setting activity), A Model Lesson, Facilitation
Skills, Equity, and Team Building. Recognizing and responding to varying levels of
comfort and confidence in Academy members, a second option was developed. Groups
of two could opt to design and deliver a mini-session (one hour) on a topic of their
choice (content and pedagogy aligned with Academy practices.) To develop presen-
tations, often across many miles, each group—large and small—worked with a Con-
sortium partner and created its activity with, of course, the EEEA grid and a presen-
tation checklist developed around lessons learned from workshop design and adult
learning principles. As their products came together with remarkable polish, partici-
pants recognized in themselves and in each other their growth and increased capac-
ity for effecting change in science and mathematics education.
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Roadside Stop IV: Facilitation Skills

As the Consortium began its work in the southeast, these questions were asked: Who
provides services, resources, and support for staff developers? Do they want prepack-
aged workshops to deliver to clients, or would they prefer extending their own skills of
innovation and development? The more questions asked, the louder the responses. Their
biggest needs were resources and materials on which to base and create their own presen-
tations, multiple opportunities to upgrade their facilitation skills, and avenues through
which to exchange ideas with other staff developers. The personal bias of the Consortium
staff was affirmed: Give a man a fish and he eats for a day; teach him to fish and he eats
for a lifetime.

While an atmosphere of celebration prevailed at TAAMSS IV, the most serious
and, perhaps, most gratifying activity was the presentation debrief. Participants com-
pleted observation checklists during each presentation and were assigned to critique
and debrief one of the presentation teams. How would they respond to the feedback
from their colleagues? Had a safe enough environment been created for this kind of
risk taking? The Consortium was pleased to see that by this time, the Academy com-
munity had developed such a strong sense of trust that the questioning that occurred
during the debriefings was thought-provoking yet nonthreatening. Participants were
asked to discuss and even defend various components of their activities and every-
one learned.

Looking Back at the Journey: Are We There Yet?

The Academy supports a cadre of professional development providers from across
a six-state area by giving them opportunities to learn through networking with
others in similar roles and through confronting challenges and solving problems
together. They represent a cross-section of the education community: university
staff, classroom teachers, local school and district administrators, agency direc-
tors, field-based curriculum specialists, and representatives from informal sci-
ence entities. The goal was to “build capacity” of this diverse group to address
mathematics and science reform in the southeast.

How to build capacity is among the major issues to be addressed in the design of
effective professional development for mathematics and science reform. Capacity
building consists of the following components or dimensions: developing people
who can work with teachers and others to support their learning and teaching; sup-
porting systems for professional development providers; exploring and applying a
knowledge base of professional development theory and practice; supporting sub-
cultures in which professional development can flourish; and influencing policies,
resources, and structures that make professional development central rather than a
marginal activity (Loucks-Horsley, Hewson, Love, and Stiles, 1998). As the Acad-
emy emerged and began to offer opportunities for participants, these principles were
embraced and used to guide the design of the Academy, as well as a way to look back
at effectiveness.
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Phase I of the Academy was fertile ground for learning about this develop-
the-developer model. For example, it was learned that the Consortium is in a
unique position to convene participants across state lines to dialogue about math-
ematics and science reform. The major challenge was finding the right blend of
pedagogical and general content knowledge of mathematics and science, knowl-
edge of learners, and content and pedagogical knowledge of professional devel-
opment. From the participants it is known that their existing knowledge of pro-
fessional development theory and practice was deepened. This was evident through
their performances, through conversations, and through visits to their work sites.
The Consortium followed some of them on this eventful journey from being sea-
soned teachers to becoming novice staft developers, from novice staff develop-
ers to becoming neophyte staff developers, and from neophyte staff developers
to becoming polished and effective staff developers. As more is learned about
their work in local sites, the nature and level of further impact of the Academy
can be determined. The greatest evidence of effectiveness came through the will-
ingness of over 50 percent of the Academy members to sign up for Phase II of the
Academy.

Moving Forward

It is probably premature to say that the goal of building a cadre of staff developers
who are able to scale-up efforts to address reform in the southeast has been reached.
Nevertheless, it is believed that a few lessons have been distilled that can be commu-
nicated to other reformers about the Academy initiative. These lessons include the
following:

Leveraging is a powerful process. The Consortium has learned how to leverage
resources among partners by continuous communication with them about the value
of what participants are learning and how they use it in their work. It has also been
discovered that some individuals face time constraints with their commitment to the
Academy, while a few others continue to justify the cost of their involvement to their
supervisors. (Participants pay only their travel to Academy events.)

Reliability and quality matter. Over 80 percent of Academy members have re-
quested and received a variety of technical assistance from Consortium staff as they
continue their work as regional service providers. This additional support is an ex-
tension of TAAMSS and was promised to Academy members in return for their com-
mitment to their own professional development. In return, the Consortium made
every effort to follow through on the commitments it made to Academy members.
Recent interviews with all participants reveal a high level of transfer of skills and
knowledge, with specific examples of modifications and adaptations of tools and
resources (...teach a man to fish...). Also, they continue to comment on the useful-
ness and currency of tools they receive from the Consortium.

Building a culture for change is important in achieving systemic reform. Attempts
to promote change through developing a critical mass of leaders who can provide
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leadership at the local level were made. However, these participants have an awe-
some task of getting the participants back home to join in the battle to make high
quality professional development a priority.

Nurturing makes a difference. This diverse group of staff developers necessitated
a high level of differentiation in the amount of nurturing that was provided for par-
ticipants, Working individually with participants as they designed and delivered ser-
vices allowed the Consortium an opportunity to serve as personal consultants and/or
critical friends. In essence, quality interactions among Consortium staff and col-
leagues advanced the skills and confidence of the participants.

Reaching across state lines is beneficial. Quality time to engage in conversation
across state lines is a nonevent for most of the Academy members. However, the ad-
vent of the Academy gave members a reason to network. Getting to know each other in
the context of talking about their work through a professional development lens opened
up new ideas for sharing resources. More importantly, it served to break down the
feeling of isolation and improved the chances for collaboration.

As the two-year commitment to Academy participation wound down, Consortium
staff and Academy members revisited the journey known as TAAMSS. Jointly, they
proposed that designing a second phase to the Academy and extending the journey could
further sustain the personal and professional growth experienced by all participants. Fifty
members elected to continue their affiliation with the Consortium and TAAMSS and,
together, are creating “The Academy—Phase II.” These are 50 educators who believe
that all children can learn, that philosophies must change to respond to the growing diver-
sity in southern schools, and that a personal commitment to change is currently challeng-
ing them. With a core of staff developers in each southeastern state having access to the
training and resources that the Consortium can provide, capacity building can be a real-
ity. One final thought from the Mathematics Department chair:

As a result of sitting down with professionals from all levels of education to
discuss issues that are of importance to all stakeholders, I have seen the neces-
sity of coming out of the classroom and collaborating with colleagues next
door. Through our participation in the Academy, we are discovering how to
provide better staff development, which can change the way that teachers think.

—Veronica King (personal communication, April 1998)

References

American Association for the Advancement of Science (AAAS). 1989. Science for all Americans.
New York, NY: Oxford Press.

Gregorc, A. F. [982. Style delineator: A self-assessment instrument for adults. Columbia, CT: Gregorc
Associates.

Fosnot, C. T. 1989. Enquiring teachers, enquiring learners: A constructivist approach for teaching.
New York: Teachers College Press.

Loucks-Horsley, S., P. W. Hewson, N. Love, and K. E. Stiles. 1998. Designing Professional Develop-
ment For Teachers Of Science And Mathematics. Orchard Park, CA: Corwin Press.

e



The Precollege Program

*

The Precollege Program:
A Collaborative Model of Student
Enrichment and Professional Development
in Mathematics and Science

Patricia S. Moyer
George Mason University
Eric D. Packenham
National Science Teachers Association

Patricia S. Moyer is an assistant professor of mathematics education in the Graduate School of
Education at George Mason University, Fairfax, Virginia. She conducts research on teachers’
and students’ uses of representations in mathematics, and preservice and inservice teacher de-
velopment. She is a former coordinator of the UNC-Chapel Hill Pre-College Program.

Eric D. Packenham is the program director of the Building a Presence for Science initiative at the
National Science Teachers Association. His work is to end the isolation of classroom science
teachers while also helping to bring standards-based teaching and learning into schools in par-
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National organizations have called for major reform in the teaching and learning
of mathematics and science. The release of the Third International Mathemat-
ics and Science Study (TIMSS) challenges educators in the United States to teach
mathematics and science in new and different ways (Pursuing Excellence, 1996). In
Failing Our Children: Implications of the Third International Mathematics and Sci-
ence Study (National Science Board, 1998), the National Science Board declared the
critical importance of reaffirming the commitment to improving mathematics and
science performance in our nation. Findings in the TIMSS report encouraged math-
ematics and science teachers to add depth to instruction in these subjects. Lane {1996),
director of the National Science Foundation (NSF), reported that teachers in other
countries are expected to teach a narrow range of subjects and have more time for
planning and collegiality, enabling them to investigate topics in greater depth.

It is not only the depth to which subjects are taught, but the way in which instruc-
tion occurs in our nation’s classrooms that is of concern. The National Council of
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Teachers of Mathematics (NCTM, 1989) called for major reform in the way in which
mathematics is taught. Mathematics educators were encouraged to redirect the focus
of mathematics instruction away from the memorization of facts and algorithms. Mean-
ingful mathematics instruction recognizes the need for students to construct knowl-
edge through their active involvement in mathematical situations and their appropriate
use of mathematical tools. Terms in the Professional Standards for Teaching Math-
ematics (NCTM, 1991), such as explore, communicate, construct, conjecture, and in-
vestigate, imply the notion that students are involved in doing mathematics. Similarly,
the National Science Teachers Association (NSTA) charges that students should be
. doing science. This requires teachers of science to plan the
As leaders in teaching and learning interactions in their classrooms in en-
mathematics and tirely new ways. In an NSTA press release, Workosky (1998)
science education cited Gerry Wheeler, executive director of NSTA, who stated:
. . “In the process, teachers assume new roles as coaches, get-
des 1gn pr ofessional ting students actively involved in their own learning.”
development for The professional development of teachers plays a key role
te achers, it is in the mathematics and science teaching and learning occur-
ring in the nation’s classrooms. As leaders in mathematics
and science education design professional development for
that role as one of a teachers, it is important to view that role as one of a facilita-
facilitator, instead of | ton inste?d of a traine?r. Much of current .professional devel-
opment in mathematics and science relies on fragmented,
piecemeal experiences, where teachers attend a one-week
workshop with an expert who espouses new ideas and classroom strategies. These
experiences offer participants no time for planning, no opportunities to implement new
pedagogy, and no support as teachers experiment with new materials, technology, and
methodology in their classrooms. A successful model of professional development
redirects these worthy efforts into a strategic plan with clear, coherent, long-term goals.
In this way, professional development can systematically provide schools with direc-
tion and focus on individual and system development.

An example of this model of systematic reform is the University of North Caro-
lina Mathematics and Science Education Network (UNC-MSEN) and more specifi-
cally, the MSEN Precollege Program. The mission of MSEN is to provide leadership
for teachers in North Carolina in the area of professional development, with a par-
ticular emphasis on the inclusion of under-represented groups in mathematics and
science. MSEN accomplishes this through its 10 Centers and its six Precollege pro-
grams, located on university campuses throughout the state. These centers and pro-
grams operate in cooperation with local education agencies (LEA) that participate in
the program voluntarily and provide financial and material support. Continuing teacher
education is offered on and off campus through courses and institutes. It is this
collaborative network of resources that has enabled MSEN teachers and students to
attain continued success.
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Precollege Program Structure

In 1986, the MSEN Precollege Program piloted four university sites in North Caro-
lina. In its initial years of operation, the program’s mission was to increase the num-
ber of historically under-represented students in mathematics and science by provid-
ing enrichment opportunities for students in grades 6—12. Today, the North Carolina
State Legislature funds MSEN as a part of UNC’s outreach programs serving public
schools surrounding the universities. The scope of the program has broadened to
include all students pursuing mathematics- and science-based majors and careers,
preparing students for the new millennium. However, students in the program are
predominantly minorities, with 87 percent African American. The program recruits
students of average to above-average ability who have not been sufficiently exposed
to mathematics- and science-based courses and careers. During the 1997-98 aca-
demic year, the Precollege Program served over 3,000 students in North Carolina
through its academic year enrichment and summer enrichment programs.

An important benefit for Precollege Program teachers is the link the program
offers to the professional development opportunities provided by the centers, which
occur as summer workshops, Saturday Academies for Teachers, and other projects,
courses, and institutes. Both Precollege teachers and other professionals are recruited
to participate through the Precollege Program, the center’s Web page, and the LEAs.
These professional development opportunities provide Precollege teachers with valu-
able resources, up-to-date pedagogical knowledge, and opportunities for collegiality
and collaboration.

At each university, a Precollege Program coordinator oversees the operation of
enrichment programs. Each participating school has a Precollege Program teacher or
teacher team that offers academic enrichment classes at the middle school level and
academic enrichment clubs at the high school level. The rich resources of UNC offer
opportunities for students to participate in internships, Saturday academies, summer
programs, and other academic-year enrichment programs. On the university’s cam-
pus, students have access to university faculty, research laboratories, libraries, com-
puter labs, and other facilities.

Another vital component of the program’s success is the Parents Involved for
Excellence (PIE) Clubs. PIE Clubs exist at each participating school and provide
leadership and support for the school’s Precollege Program. Through a series of
monthly meetings, parents plan and assist in the implementation of quality educa-
tional programs at the local and school-system levels.

Three important characteristics embedded in the Precollege Program structure
reflect powerful ideas with important implications for the design of current profes-
sional development models. The first characteristic is the focus, not on counting
heads or administering attitude surveys but on obtaining substantive results. Critical
results that remain a central issue are: (a) What academic changes can be observed in
students as a result of their participation in program initiatives? (b) What instruc-
tional changes can be observed in teachers as a result of their participation in profes-
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sional development? The second characteristic is thinking systematically. The

Precollege Program is mindful of the interconnectedness of each of its components.

Programmatic changes at one level may impact the entire system. This systematic

thinking allows center directors and Precollege Program coordinators to continu-

ously reevaluate the quality of program offerings and the impact of these offerings

on the teachers and students they serve. A third characteristic is providing teachers

and students with programs that utilize a model of constructivism. Current research

(Cobb, 1994; von Glasersfeld, 1987) on how learning occurs indicates that individu-

als do not passively acquire knowledge through transmis-

It is critical to apply | sion but that these knowledge structures are actively con-

constructivist structed in the mind of the learner. This educational theory

. is cognitively oriented, viewing learners as active partici-

models of teachi ng pants, constructing knowledge by reorganizing their current

and learning in | ways of knowing. It is critical to apply constructivist mod-

student programs els of teaching and learning in student programs and teacher

professional development experiences. By remaining mind-

and teacher ful of these characteristics—focusing on student and teacher

professiona/ results, thinking systematically, and using a constructivist

develo pment model for instruction—the Precollege Program provides ef-

X fective professional development for teachers and success-
experiences. ful enrichment programs for students.

Teacher Professional Development Initiatives

Professional development for teachers is essential to improve mathematics and sci-
ence education. Teachers need time to cultivate their knowledge, thinking, and ideas
throughout their teaching careers. Their school day should allow time for interaction
with their colleagues to share, plan, and implement strategies.

The Precollege Programs and the Centers for Mathematics and Science Educa-
tion have combined efforts to offer a number of professional development initiatives
for Precollege Program teachers. The following examples come from the Center for
Mathematics and Science Education at UNC-Chapel Hill and are similar to other
initiatives offered throughout the state at other centers.

The Technology Tools Project is a statewide project supported by NSF. Its goal is
to establish 10 university training centers in North Carolina to instruct teachers in the
application of current technologies to mathematics and science instruction. The Tech
Tools Project includes two years of professional development with coursework
throughout the summers and regular workshops throughout the academic year. Dur-
ing the 1997-98 academic year, teams of two teachers from each of the schools
participating in the MSEN Precollege Program took part in the project. Each team
included a Precollege Program teacher and a mathematics or science teacher from
the same school. Teachers received over $350 in materials for their classrooms. This
project enhanced Precollege Program instruction, enlarged the network of profes-
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sional collaboration at the teachers’ schools, and fulfilled the state’s technology re-
quirements for teachers.

Another project that tied technology with mathematics Teachers need time
and science was the Mathematics and Science Technology . .
T ; : . to cultivate their

vols Project, supported by Eisenhower funds. Participants
during the 1997-98 academic year were teachers of math- knowledge,
ematics and science in grades 3—12. The goal was to model nki 1
the activities of a restructured classroom heavily based in thmkmg/ and ideas
technology as a tool for instruction. Teachers learned through
direct involvement how to restructure their classrooms to teaching careers.
make them more student-centered and project-oriented.
Teachers received approximately $350 in materials to replicate this learning envi-
ronment in their own classrooms. Classroom observations indicated that teachers
were successtul in implementing the new technology, creating a dynamic and inter-
active environment for student learning.

The Middle Grades Mathematics Tools and Technology Project, supported annu-
ally by Eisenhower funds, is subject-specitic for middle-grades teachers. Its goal is
to model NCTM-based (NCTM, 1989) instruction for participants in the use of a
variety of mathematical tools appropriate for the middle grades. Participants receive
over $300 worth of mathematics manipulative materials for their classrooms, along
with professional development in the use of manipulatives, calculators, and comput-
ers for mathematics instruction. Through classroom observations, follow-up instruc-
tion, and teacher interviews, participants receive continuous support as they imple-
ment the new materials and pedagogical strategies into their classrooms. Project
participants have become leaders in mathematics. They have written successful grants
for additional materials and interdisciplinary projects, provided school systemwide
professional development for other teachers, and presented during the program’s
summer institutes and at the North Carolina Council of Teachers of Mathematics
State Conference.

The center also offers professional development experiences in nationally acclaimed
programs, such as the Great Explorations in Mathematics and Science project, the
Gender/Ethnic Expectations and Student Achievement project, and the Activities Inte-
grating Mathematics and Science project. These program offerings enrich teaching
and learning by providing models of hands-on instruction, the integration of math-
ematics and science topics, inquiry-based approaches, and strategies for reaching all
students. Teachers who participated in these professional experiences have been suc-
cessful in providing increased student involvement in the doing of mathematics and
science in their classrooms.

There are common threads of effective professional development throughout the pro-
grams offered. Arbuckle and Murray (1989) noted several characteristics of effective
science and mathematics professional development programs: (a) collegiality and col-
laboration; (b) experimentation and risk taking; (c) use of available knowledge bases;
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(d) participant involvement in appropriate aspects; (€) time to participate and practice; (f)
leadership and sustained support; (g) appropriate incentives and rewards; (h) application
of knowledge about adult learning and change; (i) integration of individual, school, and
district goals; and (j) integration of science and mathematics professional development
with other professional development and organizational development activities. These
characteristics are preeminent in each of the professional development projects offered
through the centers, as well as the structure of the Precollege Programs. Maintaining a
focus on each of these characteristics in the development of program initiatives has cre-
ated a network of support for teacher and student learning in mathematics and science.

Student Initiatives and Results

Aligning professional development with student outcomes has produced significant ben-
efits for students, as seen throughout the Precollege Program components. At the middle
school level, students participate in elective academic enrichment classes that include hands-
on experiences in mathematics and science labs, experiential learning through field trips,
individualized and group tutoring, role model mentoring, and counseling on course selec-
tion and career choices. At the high school level, students participate in academic enrich-
ment clubs that provide career counseling, achievement test preparation, college campus
tours, leadership seminars, and academic support through links with the university’s study
skills centers. This ongoing support for students in grades 6-12 provides them with the
content knowledge, the confidence, and the exposure to college entrance requirements that
enables students to successfully enter college. In the 1996 MSEN Status Report surveying
high school seniors, 98 percent of those in the Precollege Program reported that they planned
to attend a four-year institution, with 87 percent having been accepted to a four-year institu-
tion at the time of the survey. In a survey of the last four cohorts of Precollege Program
graduates, over 95 percent of students surveyed reported that they were currently enrolled
in college. In the class of 1994, 97 percent of program students participated in the survey
collection. Of those students, 99 percent were enrolled in college, with 65 percent enrolled
in a major in a mathematics- or science-related field. These are significant results when one
considers that only about 30 percent of the general college population is enrolled in math-
ematics- or science-related fields.

Saturday Programs

Throughout the academic year, students participate in Saturday academy sessions on
UNC’s campus that support their content knowledge in mathematics and science through
hands-on investigations. Saturday classes include science labs, mathematics, carecer aware-
ness, and communications/technology. Special-focus Saturday sessions include topics in
testing preparation for the SAT, PSAT, and ACT, as well as career fair sessions where
students have opportunities to interact with professionals from mathematics- and sci-
ence-based fields. University faculty, scientists, and precollege teachers who have par-
ticipated in MSEN professional development offerings teach in these Saturday sessions.
The broad intent of Saturday academy is to expose students to ideas that may stimulate
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their career interests and support concepts that may be missing from the regular school
curriculum. A majority of Precollege Program students indicate that their goal is to major
in a mathematics- or science-based field in college, with approximately one-third of
these in medicine.

UNC’s nationally recognized health professions schools participate as MSEN
partners. One specialized program for students interested in medical careers is the
“3000 by 2000” Saturday program, funded by the UNC School of Medicine. Satur-
day sessions familiarize students with the medical school, laboratories, and careers
in medicine. Students participate in interactive lectures by clinical faculty, lab exer-
cises, case studies, discussion groups, and tours.

Summer Programs

Students at each grade level select from a number of summer program offerings. Summer
Scholars, funded by NSE, was a four-week summer opportunity for students entering grades
6-8. The summer program allowed instructors to go into greater depth in a variety of topics
and gave students the opportunity to design mathematics and science projects. Middle
school students in the Summer Scholars Program participated in field trips to businesses,
museums, college campuses, and scientific laboratories. Collaboration with on-campus
resources enabled each Summer Scholars Program to provide unique offerings for stu-
dents. For example, in the past four years, cooperation with the UNC-Chapel Hill Depart-
ment of Chemistry resulted in the annual “Chem Magic Show,” a program that taught
students how seemingly magical tricks could be explained through chemistry.

Summer opportunities for high school students combine the experiential oppor-
tunities found in middle school programs with the rigor necessary for students to
prepare for careers in research. The Exploring Science Program, for students enter-
ing grades 8-10, allows students to explore their interests in the fields of science in
challenging and interactive sessions. Topics include biology, chemistry, physics,
mathematics, research methods, and computer applications of research. Students begin
a science project during the summer program; are mentored during the school year
by Precollege Program teachers; and, upon completion of the project in the spring of
the year, receive a $200 scholarship from the Burroughs Wellcome Foundation.

The “3000 by 2000 Health Professions Partnership Initiative, funded by the Rob-
ert Wood Johnson Foundation, offers a summer opportunity for high school students
that complements the academic year Saturday session experiences. Students in grades
9 and 10 participate in Summer Experience 1, a four-week institute exploring career
options in the health professions by shadowing health professionals in different disci-
plines and participating in weekly health professions seminars. Students in grades 10
and 11 participate in Summer Experience 1I, a six-week project-oriented experience
where students participate in a laboratory research project or other health-related sci-
ence project.

The most intensive and rigorous program for Precollege students and teachers is
the Precollege Research Experience Program (PREP), funded by NSF. Students in
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grades 11 and 12 and classroom teachers compete for selection as paid summer interns
on the university’s campus. Selected interns conduct an eight-week research project
under the direction of a university faculty preceptor. Participants write a quality re-
search paper worthy of publication, design a project display, and present their findings
at a research symposium. In the 1998 summer PREP program, 12 students and five
classroom teachers selected for this competitive project conducted research in archeol-
ogy; geography; molecular biology and biotechnology; physics and astronomy; envi-
ronmental science and engineering; computer science; biology; pathology and labora-
tory medicine; biochemistry and biophysics; pharmacy; laboratory and animal medicine;
and pediatrics and pathology.

There are numerous opportunities for student involvement and enrichment that
occur throughout the year. Some of these events include: leadership retreats, where
high school students are involved in leadership training experiences; Central Inter-
collegiate Athletic Association Tournament High School Day, a college recruiting
day for high school juniors; and MSEN Day, a statewide competition in mathemat-
ics, science, and other academically-related topics.

Parental Involvement

The Parents Involved for Excellence (PIE) Clubs are one of the most important com-
ponents of this systemic model. In addition to the PIE Club at each of the participating
schools, parents are involved at the regional and state level in the long-range goal
setting of the program. Parents actively participate in securing grant funds, locating
and serving as role-model speakers, and providing guidance and direction for the
program’s state advisory board. Parents are active in the communications of the pro-
gram, assisting in the development of school web pages, writing articles for news re-
leases, participating in television broadcasting, and maintaining school newsletters.
Parents meet regularly at the school level, as well as send representatives from each
school for districtwide planning meetings. The parent organization maintains the
program’s connection with the public, challenges the program to continue its visionary
direction, and demands student achievements and results in all program activities.

As a part of its mission of continuing education, the Precollege Program offers
workshops for parents to update them on options and opportunities that exist for
their children in preparation for college. Parents participate in seminars and learn
about the uses of technology and how to support their children in mathematics and
science throughout their middle and high school years. Parents particularly enjoy
workshops that assist them in locating funding sources for educational support and
those that provide in-depth information on the college application process. An im-
portant goal in each of these seminars is to develop parents’ awareness of the many
opportunities that exist for their children in the fields of mathematics and science.
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Conclusion

The Precollege Program consistently offers high-quality programs for teachers, stu-
dents, and parents. The interconnectedness of all parts of the program and a focus on
student and teacher results has contributed to the program’s 12-year success record.
One-shot programs that give teachers and students a boost are not enough to make
lasting change. For student results to occur, teachers and students need continuing
enrichment and professional development in a system that is interconnected with
long-range and holistic goals. Collaboration needs to exist between the university
community, the public school community, the business community, teachers, par-
ents, and students. All stakeholders need opportunities to contribute their opinions
and visions so that, through experimentation and risk taking, common goals can be
set and achieved. There needs to be appropriate leadership at difterent levels, with
time for participants to practice what they are learning in an atmosphere of ongoing
support. Finally, the mathematics and science learning that occurs needs to be woven
like a thread throughout each and every aspect of the program. This can lead to a
successful model of student enrichment and professional development in mathemat-
ics and science for everyone.
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The Learners’ and Educators’ Assistance and Resource Network of North Carolina
(LEARN NC) is a program of the School of Education at the University of North
Carolina at Chapel Hill (UNC-Chapel Hill). The LEARN NC Web site, located at http://
www.learnnc.org, is a one-stop collection of professional development opportunities and
learning resources provided free of charge to North Carolina teachers and students. These
resources are designed and created by educators themselves, who use the Web site to share
classroom materials and ideas, learn technology skills, and build connections with educa-
tional organizations. Now in its second year of operation, LEARN NC has over 6,000
participating educators in 96 of North Carolina’s 100 counties and is the only statewide
program of its kind in the United States. Although LEARN NC’s primary goal is to deliver
content, using technology only as a medium, professional development, particularly in the
use of technology, has been an important effect of the program’s implementation in the
state’s public schools. This chapter will examine LEARN NC’s history and mission, some
challenges that have arisen in implementing a statewide, teacher-driven educational pro-
gram, and how they have been met.

A state of connectedness

In September 1995, the Public School Forum of North Carolina (the Forum) issued a
report, A State of Disconnectedness (1995), on mathematics and science instruction
in the North Carolina public schools. After a year-long study, the Forum found that
although North Carolina students had improved academically with respect to chil-
dren in other states, they still lagged “far behind” in the areas of mathematics and
science. The problem, the researchers found, was not a lack of resources for teach-
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ers; on the contrary, a great variety of resources, both government and private, ex-
isted to support mathematics and science instruction. There were, however, few points
of connection between these resources; the resulting situation was the “state of dis-
connectedness” to which the report’s title referred. If the state was to make “real
progress” in mathematics and science education, the researchers concluded, “there
must be more collaboration, communication, and coordination between and among
the myriad of government and private entities involved in policy making, training
and resource delivery in the K—12 mathematics and science arenas (Public School
Forum of North Carolina, 1995, p. 4).”

This report spurred University of North Carolina System President C. Dixon Spangler
to ask the state’s schools of education to address these issues. UNC-Chapel Hill’s School
of Education was chosen to coordinate these efforts and to develop an electronic per-
formance support system for North Carolina teachers. Such a system would facilitate
communication between the state’s educators and the Department of Public Instruc-
tion, using information technology to help teachers create reliable curriculum resources
for their classrooms. This support system, which would become LEARN NC, was
broadly conceived as a partnership of the UNC-Chapel Hill School of Education, which
would administer the program; UNC-Chapel Hill’s Institute for Academic Technology,
which would develop and maintain the program’s technological side; the North Caro-
lina Community Colleges, which would contribute ideas and resources; and the state’s
public schools. Public schoolteachers and administrators were more than just the
program’s market; they were made full partners in its development. Educators from six
pilot school systems, representing a broad range of technological resources, were sur-
veyed to learn what they would want from an instructional support system.

As a result of these discussions among educators, which continued throughout
the academic year 1995-1996, a consensus emerged as to the kind of Internet-based
service that would most benefit the state’s teachers and students. LEARN NC would
consist of a package of resources for teachers and students, available via the World
Wide Web. In order for these resources to reach the greatest number of classrooms,
the system must be built on a least-common-denominator standard, a level of tech-
nology accessible from hardware and software available in every school system;
otherwise, information technology would only widen the gap between haves and
have-nots. All resources should relate to the North Carolina Standard Course of Study,
the state’s new prescribed curriculum, and the quality of the resources must be as-
sured, so that the material on the Web site would be appropriate for North Carolina
classrooms. Lastly, the system should not simply create extra work for teachers; it
should be easy to use and should facilitate more effective teaching rather than simply
providing a technological distraction in the classroom.

The most important piece of LEARN NC’s package of resources is a lesson plan
database, a library of lesson plans submitted by teachers around the state. Teachers
seeking ideas for their own classrooms can search this database by grade level and
subject area to find a plan that meets their needs. Although some plans are designed to
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bring technology into the classroom, most simply find new and creative ways to teach
traditional subjects like science and writing. To ensure quality, each lesson must pass a
triple peer review. First-year teachers and veterans alike can then use the plans to in-
fuse their teaching with new ideas. In addition, the process provides them a rare oppor-
tunity for professional publishing. While other professions

encourage inventive and experienced people to share their The K-12 teaching
knowledge and ideas with colleagues, the K—12 teaching pro- p rofession p rovides
fession provides few formal opportunities for practicing teach-

ers to publish their ideas and learn from one another. LEARN few formal
NC’s Lesson Plan Database allows teachers to share their best opportunities for
work with their colleagues across the state. pra cticin g te achers

Encouraging collegial interaction is also the primary goal . )
of a second piece of LEARN NC'’s package, the online dis- top ublish their
cussion forums. Through these forums, educators can post ideas and learn from
news, questions, or topics for discussion to a kind of elec- one another.
tronic bulletin board. Contributors to a forum can exchange
classroom ideas, notify colleagues of professional development opportunities, and dis-
cuss important issues in education. Discussion forums, unlike chat rooms, are asyn-
chronous—that is, participants need not be online simultaneously. Teachers with busy
schedules can read postings to a forum and respond at their own convenience.

A third online resource is a library of links to other Web sites relating to K-12
education. Like online search engines such as Yahoo®, LEARN NC’s Web link li-
brary helps Internet users to find Web sites that match their interests. But LEARN
NC’s library is unique in that it indexes only educational sites, so that its contents
will be both safe for students and useful to teachers. In addition, to make the collec-
tion relevant to North Carolina classrooms, much of its content is North Carolina-
specific. The library provides links to state historic sites and museums, for example,
but a teacher searching for field trip opportunities will not be overwhelmed by lengthy
lists of sites in South Dakota or New Hampshire.

The final major piece of the package of resources is designed to be used directly
by students. A series of multimedia curriculum resources—databases of images; sound;
and, sometimes, video—Ilinks classrooms across the state to museums, exhibits, his-
toric sites, and other educational facilities. One of the first resources takes students
on a virtual field trip to UNC-Chapel Hill’s Morehead Observatory; in 1999, stu-
dents will be able to use the computers in their classrooms to control the Observatory’s
telescope and perform their own astronomical research.

Each of these four resources was designed to address the concerns of the educa-
tors in LEARN NC’s pilot teams and the lack of connectedness among the state’s K—

12 education community. LEARN NC'’s resources are collaborative; they are de-
signed and created by the educators who will use them. All resources are correlated
to the North Carolina Standard Course of Study; an online map of the curriculum is
provided on the Web site, with links from each goal and objective to relevant instruc-
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tional plans, and both instructional plans and Web links can be searched by grade
level and curriculum area. All resources are reviewed by experienced educators to
ensure quality and appropriateness of content. The Web site itself is designed to be as
user-friendly as possible, with a simple design that allows pages to be read quickly
with even a relatively slow Internet connection.

LEARN NC’s pilot phase, the 19961997 academic year, allowed technology-
savvy educators to design, test, and implement these resources. The program became
operational in September 1997, when the first teachers were formally trained in the
use of the Web site. By the fall of 1998, all of the state’s 117 public school systems
were using and contributing to LEARN NC'’s online resources, and the program had
over 6,000 participating educators. In addition to the original package of resources,
the K—12 Curriculum Program, LEARN NC is now developing a series of online
courses for inservice professional development and a preservice component that will
allow prospective teachers to use LEARN NC'’s resources to build teaching skills.
LEARN NC also made connections with some 20 partner organizations that share
content with LEARN NC and its participants. In the 1998-1999 academic year, it is
expected that LEARN NC will reach an additional 15,000 teachers and will continue
to create links within North Carolina’s education community.

Technology as a means, not an end

Although LEARN NC has always had the goal of integrating technology into the
classroom, it is primarily about educational content. Internet technology is the means
by which this content is delivered, but is never an end in itself. Often, political cam-
paigns and computer industry advertising portray the Internet as a panacea for Ameri-
can education. In practice, this notion often results in initiatives that graft new tech-
nology uncomfortably onto traditional classrooms and curricula without a clear idea
how it is to be used. LEARN NC’s philosophy is that such grand claims for the
power of technology insult educators by implying that they can be effectively re-
placed by computers or that teaching and learning are not fundamentally difficult
and challenging work. Instead, LEARN NC sees the Internet, like all technology, as
merely a tool—albeit a very powerful one—which, in the hands of skilled educators,
can play an important role in improving K—12 education.

Teachers have responded quite positively to this view of technology and have been
more willing to accept technology into their classrooms when it is oftered in this way.
Although the participants in LEARN NC’s pilot program were already proficient with
computers and the Internet, this has not been generally true of the several thousand
educators who joined LEARN NC in its first year of operation. Many of these educa-
tors previously had lukewarm or negative attitudes toward using the Internet as a teaching
tool but have been attracted to the educational resources LEARN NC provides. As a
result, LEARN NC has proven an effective vehicle for technology training. This is
particularly important for North Carolina teachers, who must complete inservice train-
ing in educational technology in order to renew their certification.
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LEARN NC has also helped administrators who were unsure how to provide this
training. Several school systems have awarded teachers a continuing education unit
(CEU) for completing the required six hours of training in the use of the Web site and
submitting a lesson plan for online publication. This model of technology training
places the lesson plan—the design of educational content and the opportunity to
share one’s ideas with colleagues—at the center of the training. As a result, many
teachers who only recently could not use a Web browser have now become authors
of Web-based instructional resources.

Although LEARN NC’s resources are all shared via the Internet, not all require the
use of technology in the classroom. Instructional plans, for example, may be technol-
ogy-dependent, technology-rich, or technology-free. Most of the plans require no com-
puter use at all, but teach traditional topics in traditional but
innovative ways: a high school chemistry experiment on mak- It may be that
ing alloys, for example, or an eighth grade lesson in which students, like their
students learn the principles of cartography by mapping their
school campus. Technology-rich plans, the second largest .
group, use computers, the Internet, or other technology as learn- effectivel y to use
ing tools, but can be adapted for a classroom with limited tech- tech nO/ogy when
nology. An example is a fifth grade lesson on climate, in which
students use the World Wide Web to research the climates of . .
various cities in the Western Hemisphere; after assembling a dir eCted/ practi cal
and analyzing this information, they videotape television news- | purpose.
style weather forecasts for the cities they researched. Although
the Internet simplifies the research for this project, students could also use a library;
similarly, although being on camera is certainly exciting to fifth-graders, students could
perform their weather forecasts for their classmates without videotaping them.

Relatively few lesson plans are actually dependent on technology. A seventh grade
unit on diet, for example, requires students to use a computer-generated spreadsheet to
compile nutritional data and analyze their dietary needs. This project requires too many
calculations to perform by hand; indeed, part of the lesson’s goal is to show students the
value of computer spreadsheets for large-scale mathematical analysis. But even in such
technology-dependent plans, technology is nearly always a medium for learning rather
than the primary end goal of the lesson. (The exceptions are plans addressing the com-
puter area of the standard course of study, which do teach primarily computer skills.) It
may be, however, that students, like their teachers, learn most effectively to use tech-
nology when they are using it for a directed, practical purpose, as a means rather than as
an end in itself. If this is so, LEARN NC’s classroom resources can be greatly effective
in making students, as well as teachers, comfortable with information technology.

teachers, learn most

they are using it for

Ensuring teacher participation: training
Training, more than any other factor, has been vital to generating and maintaining teach-
ers’ interest in LEARN NC. This would be true of any technology-centered program,
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but is particularly important for LEARN NC. Whereas most education initiatives need
only win over administrators to be implemented, LEARN NC is almost entirely teacher-
created; although the architecture of its Web site can be maintained by its statf, educa-
tors design and submit the vast majority of its resources. If teachers were simply re-
quired by their school systems to submit lesson plans, the quality of LEARN NC’s
resources would be dubious, and even teachers who wanted to use them would find
them of little use. Not only the success but the very existence of the program, therefore,
depends on active and voluntary teacher participation, and teachers are much more
willing to participate when training has made them comfortable with the technology.
Training also ensures quality of content; although lesson plans are reviewed before
being approved for publication, reviewers’ jobs would be greatly complicated if teach-
ers submitting plans were unfamiliar with the Web site or even with basic browser use.

The original model of training was a train-the-trainer model. At regional training
sessions, LEARN NC staff trained two or more administrators from each school sys-
tem, who became LEARN NC coordinators for their system and were responsible for
registering and training teachers. This model assured an element of local control and
flexibility to LEARN NC’s network of educators. A statewide program with poten-
tially 80,000 participants could quickly grow distant from the educators it served; local
coordinators could serve as a first-line help desk and pass teachers’ comments and
suggestions along to LEARN NC’s office. In addition, local control of teacher registra-
tion and training had the very practical effect of saving the program money. When
LEARN NC launched its operational phase in September 1997 and began formal train-
ing of teachers, the program had only three full-time staff members and its total budget
for the 1997-1998 academic year was approximately $1 million. These resources sim-
ply were not sufficient to train thousands of teachers or to deal with requests for help.
Even as LEARN NC’s staff has expanded greatly in its second year of operation, local
coordinators continue to be vital to the success of the program.

As training progressed, however, this model of training had to be refined. The
original plan for training called for school systems’ representatives to attend a half-
day information session, followed by a two-day training session. Although the com-
bination of information and lengthy training session ensured that coordinators were
thoroughly comfortable with the Web site, its resources, and the registration process,
it proved too cumbersome and too time-consuming for busy administrators. By the
end of 1997, educators across the state were familiar with LEARN NC, and the
information sessions proved unnecessary. As word of the program spread, moreover,
school systems began to complain that they had not been offered a fair chance to
join. In response to this growing demand, the original first-year cap of 40 school
systems (counties) was lifted in January 1998, and plans were made for all of the
state’s 117 public school systems to be brought on board by the end of the academic
year. The two-day training session proved too cumbersome not only for attendees
but also for LEARN NC'’s trainers, who were now trying to reach some 70 school
systems in three months.
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A second problem with the original training model arose from the need for quali-
fied attendees. To give the project legitimacy and to ensure that teacher training
could proceed smoothly, it was asked that attendees be assistant superintendents.
Administrators at this level, however, were often too busy to attend a two-day train-
ing session or (as it turned out) even a one-day session. Al-
though the educators who attended in their place were often Although many
highly skilled and motivated, some were drafted at the last were won over by
minute by their superintendents and given little idea of what
they would be doing or why. Not surprisingly, although many the end of the
draftees were won over by the end of the training session, session, teacher
teacher training has proceeded poorly in districts whose co-
ordinators did not volunteer for the position. As LEARN .
NC became better known throughout the state, this problem pr oceeded poor I yin
became rarer, and media and technology specialists volun- districts whose
teered to become coordinators and trainers. coordinators did not

In addition, although superintendents were told that the
representatives they sent must already be proficient with com- volunteer.
puters and the Internet, some attendees lacked basic computer
skills. The original two-day training format allowed these people to achieve the neces-
sary proficiency in navigating LEARN NC’s Web site, but such a wide range of abili-
ties proved difficult or impossible to accommodate in a single eight-hour session. By
the spring of 1998, LEARN NC'’s staff and trainers had adopted a more insistent tone
in their requests that only technology-proficient educators be sent to the training ses-
sions, but these calls were not always heeded. Although the vast majority of LEARN
NC’s coordinators have been both skilled and enthusiastic, these qualifications have
proved difficult to enforce, and occasional problems have continued into the present.

A third, and more serious, problem with the train-the-trainer model of administration
has been guaranteeing that teachers would, in fact, be trained at the local level. Interest-
ingly, this model has been most successful in school systems of moderate size. Two or
three coordinators—those who attended LEARN NC'’s training sessions—could train
all the teachers in a small system. But coordinators in a district with several thousand
teachers must train additional trainers, and the extra level of administration is perhaps
more than they have time to handle. On the other hand, small systems often have few
computers and Internet connections available to teachers, which makes hands-on train-
ing difficult. To remedy these problems, LEARN NC has hired 34 regional trainers who
will assist coordinators with teacher training. The regional trainers will hold day-long
Saturday training sessions at schools, community colleges, or universities during the
1998-1999 academic year, with a goal of reaching 10,000 additional teachers. The com-
bination of additional trainers with well-equipped venues for training should help LEARN
NC reach teachers considerably more quickly than would otherwise be possible.

Despite the need for adjustments, however, the use of local coordinators to train
and register teachers has been extremely successful during LEARN NC’s first year
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of operation. The school system coordinators have, as a group, surpassed anyone’s
expectations in training teachers, and the system of local control has allowed LEARN
NC to reach many times more teachers than would have been possible from a small
central office. The need for flexibility, constant evaluation, and adjustment should
not detract from what has proven an inexpensive and effective means of providing
professional development and linking teachers statewide.

Linking the state

Despite the warm reception LEARN NC has received in the state’s public schools
and the early success of the program in collecting both participants and resources,
several important challenges have emerged in managing a statewide educational pro-
gram. These challenges relate to LEARN NC’s original charge to build connections
among the state’s many educators and educational organizations, and solutions to
the problems are still evolving.

The connection between LEARN NC'’s online resources and the North Carolina
Standard Course of Study, for example, has made LEARN NC an important link be-
tween teachers and policymakers, but it also poses technological problems. Interest-
ingly, linking new resources to the standard course of study is a far more tractable
problem than keeping old resources current. Each instructional plan on the Web site is
indexed to several specific goals and objectives of the standard course of study; teach-
ers can reference goals and objectives from lesson plans and vice-versa. When teach-
ers submit plans, they specify the relevant goals and objectives to allow this referenc-
ing. But as the state updates the standard course of study at a rate of one curriculum
area per year, these links will need to be updated as well. To date, no automated means
of updating these links has been found. Someone, therefore, will have to manually
check each of the thousands of lesson plans in LEARN NC'’s databases and revise the
listed goals and objectives—up to a dozen per plan—to fit the new curriculum. This
task could require hundreds of hours of work each year but is absolutely necessary to
maintain LEARN NC'’s relevance to North Carolina classrooms.

A second challenge has been the creation of links among educational organiza-
tions. Since the beginning of 1998, LEARN NC has been working actively to build
partnerships with these organizations. Some partner organizations, such as univer-
sity departments, museums, and observatories, provide content for LEARN NC’s
Web site in the form of multimedia resources and instructional plans. Several dozen
cutting-edge lesson plans written by educators working for the state’s Department of
Public Instruction now reside on LEARN NC’s Web site, where they can be freely
accessed by teachers. The North Carolina Teacher Academy, a statewide professional
development program, now uses LEARN NC in its technology training and assigns
teachers to produce technology-rich lesson plans for LEARN NC. Other partners
require special services to meet the needs of particular groups of students. The ABC
Technology Consortium, a group of schools in five North Carolina counties that use
a curriculum rich in technology to reach low-performing students, has helped LEARN
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NC to create a special database of instructional plans that include student activity
components; these lesson plans will be available to all participating LEARN NC
teachers, as well as to members of the ABC Consortium.

A third problem, a technological one, relates to the need for a least common
denominator standard for LEARN NC’s Web site. Even as schools acquire comput-
ers with faster processors, modems, and Internet connections, many teachers prefer
to access LEARN NC from their homes through Internet service providers that can
often be painfully slow. Simplicity of design and reliance on text rather than images
for communication have minimized the time needed to access the LEARN NC Web
site. Images and other memory-intensive files in lesson plans, for example, are stored
separately so that teachers can scan the plans quickly and
download only those files they wish to see. But the need to The the desires of
minimize connection time also limits the kind and quantity the technology_rjch
of information that can be transmitted. Multimedia resources
with sound and video, for example, would be relatively in- )
expensive to produce with current technology and could be with the needs of
of great value for classroom instruction; but few schools the technology_
could, as yet, access such resources reliably. The least-com-
mon-denominator standard also affects the organization of
the Web site. Users must be able to move quickly from the
LEARN NC homepage to specific resources via a minimum of links, because each
intervening page may take up to half a minute to load. At the same time, each page
should be easily navigable, with as few options as possible to avoid confusion. But
as the number and variety of resources on the Web site grow, it becomes increasingly
difficult to keep the Web site user-friendly and easily navigable yet still accessible
from a 14K modem. It would be nice to say that this problem will be solved by faster
and cheaper technology, but the desires of the technology-rich will always clash with
the needs of the technology-poor. Balancing the two will be a continuing challenge
and will require sensitivity to the needs of educators, as well as creative solutions.

Finally, there is the problem of continued training for participating teachers. The
original plan required six hours of training per teacher per year to keep participants
up-to-date on changes in the LEARN NC Web site. As the design and content of the
Web site have evolved over the past year, the need for continued training has re-
mained clear; only the most technology-savvy teachers are comfortable with unex-
pected changes, and there is a concern that too much or too rapid change will alienate
some users. At the same time, however, teacher training requires a great investment
of time and resources, both by LEARN NC and by local school systems, and annual
training sessions will likely prove impractical. LEARN NC has attempted to get
around this problem in various ways, none entirely satisfactory. The primary means
of communication with teachers is through the school system coordinators, who re-
ceive monthly email notices about changes in Web site design, content, and policy.
To what extent this information is passed on to participating teachers, however, is
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impossible to know. Announcements can also be made directly on the Web site’s
homepage, but if a teacher does not use LEARN NC in a particular week, he or she
may miss an important announcement. Third, the LEARN NC User Manual, de-
signed as a training aid and reference for teachers, is updated periodically and can be
downloaded from the Web site, but so large a document is often impractical for Web
transmission. Some districts, moreover, find the cost of photocopying the manual
prohibitive, and LEARN NC cannot afford the cost of printing and distributing manu-
als to tens of thousands of teachers every four to six months as the Web site changes.
As a result, while the manual is an effective training tool, it is not the best means of
communication with teachers who have already been trained. Unlike a commercial
software package, which may be updated at the will of the company that produces it
but must be deliberately purchased by users, LEARN NC must be updated for all
users at once. Although the Web site must continue to change, improve, and grow in
order to remain useful and relevant in classrooms, the need for change poses prob-
lems that will have to be solved in the coming months and years.

Conclusion

The success of LEARN NC is a result of its constant focus on the teachers who use
its services. Asking teachers to recommend, design, and create resources has guaran-
teed that they can use them, while careful training has guaranteed that they will use
them. LEARN NC has also proven to be a successful means of integrating technol-
ogy into the curriculum, in large part because its goal is to treat technology as a
means of improving public education rather than as an end in itself. The program’s
focus on educators and educational content has made it, after only one year of opera-
tion, the state’s largest independent educational program and the only statewide pro-
gram of its kind in the country. As a result, LEARN NC is well on its way to meeting
its original mission of linking educators and educational organizations statewide by
facilitating collaboration, peer support, and exchange of resources.

As LEARN NC continues to grow, adding preservice and inservice professional
development, as well as expanding and improving its curriculum resources, the lim-
its of this free, voluntary, teacher-directed approach will be tested. Participation may
reach a plateau after the first wave of technology-friendly teachers has been trained;
local and state administrators may have to find money for improved user-end tech-
nology to make LEARN NC more widely accessible to teachers and students; and
the system of locally-controlled, hands-on training may have to be further revised to
accommodate the needs of 80,000 teachers across North Carolina. Nevertheless,
LEARN NC’s early success proves the value of a teacher-directed approach in im-
proving public education and can serve as a model to other organizations.
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Jill wonders how she will get through the sixth grade. Her science teacher, Mr.
Thomas, seems like a nice man, but she has many doubts about her ability to succeed
in his class. She does not like science and rarely raises her hand or actively participates
in classroom discussions. She prefers to sit in the back of the room and remain silent.
Though she has been told by previous teachers that she has the ability to succeed in
science and even had early dreams of becoming an engineer or a chemist, the pressures
she feels in the class are simply too great. She hopes that Mr. Thomas will allow her to
continue to sit in the rear of the room and remain quiet, perhaps not even participating.

Donald is also in Mr. Thomas’ sixth grade science class. As a member of the
Navajo tribe, Donald’s traditional view of the world is sometimes very different
from that taught by his teacher. The tension resulting from this dissonance is consid-
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erable. He has talked to his parents and his grandparents about some of the ideas

discussed in the class and their thoughts have been helpful. However, sometimes he

is confused during and after classroom discussions, yet he is hesitant to ask many
questions. The fact that he is the only Navajo person in the class does not help. He
has dreams of becoming a scientist and he knows that he

By the end of the will bave to do well in science and mathematics if his dream

second grade, is to become a reality.

; Richard is not in Mr. Thomas’ science class at present, but
Richard very much is scheduled to begin the class next week. Richard has had a
disliked school. He difficult time in school. It was hard for him to learn to read

doubted his a bility and compute mathematics, making science even more diffi-
. cult. By the end of the second grade, Richard very much dis-
to learn new things | jieq school. He doubted his ability to learn new things and
and worked hard to worked hard to simply avoid being noticed by his teachers
sim p I)/ avoid be ing and his classmates. While in the third grade, he was referred
. . for possible placement in a special education class and was
noticed by his ultimately placed in a program for children with learning dis-
teachers and his abilities. There, he received individual attention and experi-
classmates. enced some degree of success. In recent years, he has been
mainstreamed into some regular classes. This year, he will be
in Mr. Thomas’ regular science class. He has many doubts about his ability to succeed
in that class. He is anxious about it and knows that is not a good way to start.

Jill, Donald, and Richard are not real students, but composites of students that
teachers have known over the years. They represent the changing demography of
learners in today’s schools and the considerable challenges and opportunities faced
by the educators who teach them. The fictional science teacher described above ap-
pears to have a challenging year ahead of him. Will he find a way to engage Jill in the
class and increase her confidence? How can he help Donald reconcile the varying
philosophical and scientific ideas presented in the school with the traditional ideas
taught in the home? Can he meet Richard’s individual needs, given the considerable
and equally demanding needs of the other 23 children in his class? Though challeng-
ing, his task is hardly unique; indeed, his situation is similar to that of a large number
of science teachers throughout the nation. The degree to which Mr. Thomas and
thousands of teachers like him succeed in effectively teaching science to all students
is a critical variable in their ultimate academic success, the strength of today’s schools,
and the overall health and vitality of the nation.

In this paper, the focus is on the many challenges science educators face when
attempting to effectively teach diverse learners. Also included are implementation ideas
for the classroom that will enable science educators to meet these challenges. The breadth
and scope of the diversity among American students today is incredible, and there are
many topics that could have been included. However, this paper will focus on three
types of diversity: gender diversity, ethnic diversity, and diversity of cognitive ability.

|




Teaching Science to Diverse Learners

L 4

Teaching Science to Students of Both Genders

The difterential experiences and treatment of boys and girls in science classes have
been well documented and widely discussed. Early research in this area found that
girls enrolled in fewer science classes in school (Kahle & Lakes, 1983; National
Science Board, 1989), reported less initial interest in science-related careers (Hewitt
& Seymour, 1991), and demonstrated a much greater lack of confidence in their
ability to succeed in science classes than their male counterparts (American Associa-
tion of University Women, 1992). Adding to these problems were the many sex-
stereotyped and cultural factors negatively affecting girls and their study of science.
For example, some research suggested that the behavior and personal characteristics
associated with many successful scientists (e.g., indepen-

dence, high task commitment, a high level of self-confidence, Teachers who
being comfortable working in isolation, etc.) were traits most
commonly associated with males. Girls and women often . .
receive strong cultural messages that such traits are unfemi- is the domain of
nine and inappropriate. The result of these factors and oth- | males undoubtedly
ers was a significant under-representation of women in sci- p rovide that

ence careers. In 1988, only about three percent of all
engineers were women and only about six percent of all sci- message power full y
entists were female. Though some evidence suggests that | and often to the
more girls are enrolling in science and technology classes
and more are meeting with success in those courses (“Com-
puter Classes,” 1998; Martin, Sexton, Wagner, & Gerlovich, classes.

1997), significant problems remain. More recent attention

has been focused on methods and programs to encourage girls to enroll in science
classes, actively participate in them, and seriously consider careers in science-re-
lated fields.

believe that science

students in their

Suggestion and Recommendations for Science Teachers
The American Association of University Women (AAUW) was among the first pro-
fessional groups to provide educators with recommendations regarding how to in-
crease the level and quality of girls’ participation in science. Their recommendations
included: revision of teacher preparation programs to focus on the differential needs
and treatment of girls and the establishment of new policies and/or support of exist-
ing policies ensuring that women are provided with equal opportunities to work in
key educational positions, such as science department chairs and science curriculum
coordinators. The AAUW also recommended that schools develop strong mentorship
programs, pairing female students with successful women scientists, and work to
ensure that the contributions of women scientists are included in science curricula.
Pollina (1995) reported on 10 successful techniques designed to encourage girls
to enroll in science classes and more actively participate in science experiences. Her
ideas ranged from a revision of the language science educators use (e.g., moving
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from masculine metaphors such as “tackling” problems) to more inclusive language
(e.g., let’s examine this problem from all sides before we draw any conclusions) to
making sure that females are frequently provided with op-

Science educators portunities to be in control of technology.
need to be aware . Many rese:archers interested in genderlissues and science
) highlight the importance of the expectations teachers have
of the pOSSIb/ € toward their students. Teachers who believe that science is
differential | the domain of males undoubtedly provide that message pow-
erfully and often to the students in their classes. In most
o ) classrooms, teachers retain a very high degree of power in
and girls in their | terms of which students are called on, the kinds of questions
classrooms. they are asked, the types of activities they are encouraged or
asked to complete, and the type and degree of feedback pro-
vided to learners. If boys receive preferential treatment in these areas, it is possible
that many girls become discouraged, come to doubt their ability to succeed, and
assume passive roles in science classrooms. We doubt that any teacher would pur-
posefully and consciously behave in such a sexist and unprofessional manner. How-
ever, studies have found that many teachers are simply unaware of the differential
treatment they provide to the girls and the boys in their classes (Sadker & Sadker,
1994). Gender bias appears to be a highly pervasive, even insidious, classroom dy-
namic. Still, good teachers can take some steps to counteract classroom gender ineq-
uities. They may videotape themselves and specifically examine the tapes for ex-
amples of gender bias and inappropriate differential treatment. Alternatively, they
may ask a trusted colleague to observe them and specifically look for gender bias

and examples of sexist deportment.

Science educators need to be aware of the possible differential treatment of boys
and girls in their classrooms. Unfortunately, many science teachers have not been
well prepared for inclusive teaching in regards to gender issues. A significant num-
ber of preservice teacher preparation programs do not include such information. This
should change, and informed teachers should assist those responsible for teacher
induction to include gender-related topics in those programs. Teachers need to inves-
tigate mentoring programs for female students, pay close attention to gender equity
issues in terms of who is appointed to important positions in schools, be aware of the
language used during instructional activities, and attend to the degree boys and girls
are given access to and control of technology. However, perhaps no issue is of greater
significance than the attitudes of science teachers toward gender equity. It is strongly
recommended that science educators read about gender-related issues and science,
carefully think about these issues, and discuss them with trusted colleagues. Attitu-
dinal changes often precede changes in behavior. The heightened awareness of gen-
der issues such reflection may cause will do much to promote gender equity in many
science teachers’ classrooms.

treatment of boys
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Teaching Science to Ethnically Diverse Learners
The ethnic identification of a student, whether self-identification or identification by
another, is a critical variable in how a student interacts with others. If most learning
takes place as a result of interactions between a learner and others, then it seems equally
clear that ethnic identity is a very important component in learning and teaching. Atwater
(1994) suggested that U.S. schools have become and will continue to be more diverse
as a result of numerous social factors, including desegregation, immigration, and dif-
ferential birth rates among ethnic groups in our nation. The concerns and problems
faced by ethnically diverse students are very real in America, and a host of reports
indicate that these students are at a clear disadvantage when it comes to learning. Eth-
nic minority students drop out of school more frequently than white students. They are
more likely to live in poverty, more likely to attend a violent and poorly-funded school,
and more likely to be taught by inexperienced and/or poorly-prepared teachers (Delany-
Barmann & Minner, 1997). Considerable evidence exists that .
ethnic minority students also have special problems in the The ethnic
area of science. A disproportionately low number of ethnic identification of a
minoﬁties enroll in.science classes; a relatively low number student, whether
experience success in those classes; and, consequently, a rela- . e .
tively low number of them are employed in scientific careers self-identification or
(Davidman & Davidman, 1996). identification by
Some ethnic minority stud?nts hold \_Norldviews inconsis- anoth er, is a critica |
tent with traditional Western views of science, and this some- . .
times inhibits their ability to succeed in science classes and variable in how a
their teachers’ ability to effectively instruct them. For example, student interacts
some Native {\merican studepts are not. comfortable handling with others.
or even looking at some animal specimens due to cultural
beliefs and traditions. A teacher’s insensitivity to these student beliefs could be disas-
trous and lead to a host of instructional and learning problems.

Suggestions and Recommendations for Science Teachers

Because some members of ethnic groups evidence values and behaviors that influ-
ence performance in science classes and have different ideas about what constitutes
scientific knowledge (indeed, what constitutes truth), what can and should science
educators do to appropriately engage them and support their high achievement? An
example targeting a specific ethnic group may be instructive.

In a review of the literature on science education for Native Americans, Rowland
and Adkins (1995) suggested that good science teachers were concerned with two
major issues: relying on good instructional practices in science generally and con-
necting science to native science, especially by recognizing the Native American
connection to earth.

In examining the first theme, Rowland and Adkins noted that instructional prac-
tices, such as cooperative learning, active/experiential/hands-on activities, integrat-

T



National Science Teachers Association

L 4

Some ethnic ing science with other subjects, and creating connections
between science concepts and traditional ideas in the cul-
) ture, appeared to promote engagement of students and their
hold worldviews subsequent high levels of achievement in science classes. If
inconsistent with these practices are familiar to most science educators, it
should be no surprise. Good science teaching that recog-
. . nizes the centrality, importance, and individuality of each
views of science, student is at the heart of the past several decades of science
and this sometimes | education reform. The same variables are also at the heart of

inhibits their ab i/ity improving science education for ethnic minority students.
. When teaching ethnic minority students, comparative
to succeed in discussions about science concepts (e.g., this is how scien-
science classes and tists think the world works...how does this compare with
other culturally-based explanations of the world and, when
- ) they differ, how may they be rectified?) may help foster tol-
abili ty to effectivel y erance of alternative ideas and epistemological philosophies.
instruct them. A good example of this approach to science instruction is
the Native Science Connections Research Project (NSCRP),
funded by the National Science Foundation. NSCRP Director Dr. W. Sakiestewa
Gilbert, of Northern Arizona University, is developing a science curriculum merging
traditional Western science with the cultural knowledge of several tribes. Other good
sources of information regarding this approach to science instruction may be found

in books by Bentley, Ingham, & Mo (1997); Carey (1993); and Petty (1994).

minority students

traditional Western

their teachers’

Teaching Science to Children With Disabilities

Prior to 1975, many children with disabilities were excluded from participation in
regular classes, including science education classes. The prevailing sentiment among
educators was that students with disabilities could not benefit from regular class-
room experiences and, indeed, could require so much attention that nondisabled learn-
ers would suffer. In an early survey pertaining to the interest of science teachers in
accepting disabled learners into their classes, Mabry and Olin (1972) found that only
about 22 percent of junior high science teachers and about 16 percent of high school
science teachers felt that disabled students should be permitted to enroll in regular
science courses. Teachers cited safety concerns and a lack of training concerning
preferred methods of teaching learners with disabilities as the most critical reasons
supporting their position. Though elementary level teachers were much more willing
to accept students with disabilities into their classes than their counterparts at the
secondary level, even that group doubted the wisdom of devoting much time to teach-
ing science concepts to that special population. A third grade teacher in the study
commented: “I really don’t see how handicapped children would use that informa-
tion. They need lots of work in basic subjects, like reading and spelling, and every-
day living skills, like cooking and self-care.” The situation has not improved much
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in recent years. Norman, Caseau, & Stefanich (1998) surveyed several hundred sci-
ence teachers and found that, as a group, they had little or no direct experience in
teaching students with disabilities, were not aware of best practices associated with
teaching that population, had a very limited awareness of the resources available to
help them effectively teach these students, and held highly stereotypical views of
what students with disabilities could and could not do. Fortunately, the teachers in
this study also indicated that they were quite receptive to receiving additional train-
ing regarding disabled youngsters.

Educational practices for students with disabilities dramatically changed in 1975.
Public Law 94-142 (the Education for All Handicapped Children Act) was passed
by Congress and required that schools make more powerful efforts to educate stu-
dents with disabilities. The law has sometimes been referred to as a Bill of Rights
for children with disabilities, and a variety of advocacy groups, parent associa-
tions, and professional organizations have used the law to substantially increase
the involvement of children with disabilities in regular classrooms, including sci-
ence classes. Though the legislation is extremely complex and has been revised
several times, two elements of the law are of particular importance to science edu-
cators: the least restrictive environment (LRE) component of the law and the re-
quirement that all students with disabilities be provided with an individualized
education plan (IEP). The LRE component of the law stipulates that students with
disabilities should be placed in the least restrictive educational setting consistent
with their needs and abilities. The absolutely least restrictive setting is defined in
the law as the regular classroom. According to the federal law, if a student with
disabilities can participate in a regular class and be successful there (including a
regular science class), that is where he/she should be educated. All students with
disabilities are also required to have an IEP, which stipulates the goals and objec-
tives for that child each year. Regular classroom teachers, including science teach-
ers, often play key roles in the development of 1EPs.

Though a legal basis for including many youngsters with disabilities in science
classes now exists, many problems remain. Students with disabilities receive little
science instruction, special educators know little about science or how to teach it,
and science teachers know little about youngsters with disabilities.

Suggestions and Recommendations for Science Teachers

There is a common saying among special educators that all teachers are special edu-
cation teachers; indeed, science educators now teach and will continue to teach many
students with disabilities. Students with disabilities are more frequently enrolling in
introductory and advanced science classes in American schools; consequently, the
teachers in those classes must endeavor to provide them with the highest quality
instruction. Though there are many steps science educators could take to prepare
themselves for this work, we have targeted three important ones: professional devel-
opment activities, use of preferred instructional practices, and collaboration.
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Though virtually all science teachers have students with disabilities in their class-
rooms, a very low number of them have had any preservice or inservice preparation for
such work. As a result, many science teachers continue to hold highly stereotypical
notions about learners with disabilities and preferred methods of teaching them. With
approximately 12 percent of all students in American schools having a disability, it is
imperative that science educators make some attempts to learn more about this popula-
tion. Many opportunities exist for formal and informal professional development work
in this area. Teachers may attend meetings of professional organizations devoted to the
welfare of students with disabilities or individual sessions at science education meet-
ings devoted to these students’ specific learning modifications and accommodations.
, The Council for Exceptional Children (CEC) is the largest

Learners with professional organization concerned with individuals with dis-
disabilities are not a abilities, and many local, regional, national, and international
hom ogeneous CEC meetings are held each year. Likewise, the National Sci-
. ence Teacher’s Association, the Association for the Educa-
group, and it is a tion of Teachers in Science, the School Science and Math-
mistake for teachers ematics Association, and others occasionally include a session
to assume that all of concerning students with. disabilities at their. annual meeting.s.
Another good resource is the ERIC Clearinghouse for Sci-
ence, Mathematics, and Environmental Education at The Ohio
same way. State University, which maintains a very large database of
information pertaining to science instruction, including re-

sources pertaining to students with disabilities.

Learners with disabilities are not a homogeneous group, and it is a mistake for
teachers to assume that all of them will learn the same way and will equally benefit
from any specific instructional strategy. However, many researchers have found that
students with disabilities often do quite well when the instruction is activity-oriented
rather then heavily didactic or textbook-based. Fortunately, there is general agreement
that such an approach is effective for nondisabled learners as well. In thinking about
ways to engage students with disabilities in science, teachers should attempt to plan
lessons involving a variety of hands-on activities, experiments, and demonstrations,

It is difficult for science teachers to keep up-to-date with the ever-increasing
advances in scientific knowledge and remain up-to-date in the areas of human learn-
ing and pedagogy. To know one’s subject is critical in science. For a teacher, it is also
critical to effectively instruct leamers in that content. To do both equally well seems
impossible at times. One solution to this dilemma is for science and special educa-
tors to form close professional collaborations for the benefit of the students they both
serve. For example, we have known science teachers who routinely meet with spe-
cial educators to review the performance of disabled learners and to attempt to de-
vise approaches and techniques to more powerfully engage them. Other science and
special education teachers occasionally team teach classes. Special education teach-
ers may recommend specific classroom modifications for students with disabilities,
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including such simple things as preferential seating, to much more complex ap-
proaches, such as collaborative learning activities and peer tutoring programs. The
combined expertise and commitment of science and special education teachers will
address many of the needs of students with disabilities in science education.

Conclusion

The national vision is to make American students first in the world in mathematics
and science. However, this is hardly the only important goal of American public
education. Americans have stated very forcefully that their schools must also ad-
dress difficult issues, such as sexism, racism, equity, and social justice. It is often
within schools that our national debates concerning these matters have been played
out.

At one time, only male students were routinely permitted to enroll in some pro-
grams of study. Women were literally barred from enrolling in these programs or,
more frequently, were very strongly discouraged from doing so. This has changed
and continues to change in our schools. Not that many years ago, ethnic minority
students were segregated and provided with second-class facilities, poorly-prepared
teachers, and extremely low levels of funding. Once again, Americans forcefully
said that schools should and could do better, and they have. A few decades ago,
students with disabilities were routinely excluded from schools. Parents with suffi-
cient resources enrolled their sons and daughters in private schools, but many par-
ents lacking such resources simply kept their children at home. Today, all American
children may attend public school.

Schools have become more inclusive. The demography of students in the nation’s
schools has changed and will continue to do so. There is no doubt of that. Many
individuals have suggested that these matters are “problems” or “barriers” for teach-
ers to overcome. Such language is often suggestive of the stereotypically negative
attitudes some educators have held regarding diverse learners. Being a girl in a sci-
ence class should not be a problem for her. Her achievement and success in science
should be unrelated to her gender. Being black, Hispanic, Asian, or Native American
should not be a barrier to learning science. Again, students’ ethnic identification
should be unrelated to their chances for success in science classrooms. The same
goes for students with disabilities. The problems or barriers related to diverse learn-
ers are not student problems. They are almost always instructional (or teacher) is-
sues, and good teachers take the time to carefully think about them. Mere reflection
is not enough, however. Good teachers then take action. They plan and deliver les-
sons ensuring that girls are actively engaged in learning and are encouraged to achieve.
They are attentive to the cultural backgrounds of their students and think of those
differences not as problems to overcome, but as differences to enrich and diversify
the classroom environment. They learn ways to include students with disabilities in
lessons and attempt to capitalize on their learning strengths. When science teachers
behave this way, changes in what they do instructionally and how they do it are
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required. However, though very important, these changes are much less critical than
the internal changes good teachers experience when they acknowledge the key role
they play in effectively teaching all learners in their classrooms and work hard to
achieve that goal. When that occurs, all learners have an excellent chance of achiev-
ing high levels of scientific competence.

In the introduction of this paper, readers were introduced to Jill, Donald, and
Richard. All three students were anxious about their ability to succeed in their sci-
ence class. Though Jill’s gender, Donald’s ethnic identity, and Richard’s disability
should be considered when their teacher plans science lessons and activities, what
must be done to support their learning is not all that much different than what the
other students in the class also need. Good instructional practices and respect of the
individual learner will do much to support their growth.
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For the most part, the science teaching profession has and continues to be
represented by individuals of middle-class, white backgrounds; more exclu-
sively, males predominantly teach science at secondary and postsecondary lev-
els. This poses problems as demographic changes indicate that groups histori-
cally referred to as minority populations are becoming more dominant in
communities and schools across the country (Snyder & Wirt, 1998). Nationwide
assessments conducted by the National Assessment of Educational Progress since
1969 have reported higher scores in science by white students as compared to
black and Hispanic students (Campbell, Voelkl, & Donahue, 1998). In response,
many states have pressed for teacher accountability policies as a way to ensure
that teachers develop instructional practices that will improve the academic per-
formance of all students. Accordingly, the need has grown for teachers to receive
professional development and curricular guidelines that can help them effec-
tively address multiculturalism and issues of equity in science classrooms.
Over the past decade, several major documents have been published in attempts
to address the teaching of science and bridge science performance gaps across all
ethnic and gender groups. Deeply embedded in these documents, however, are as-
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sumptions that undermine the conceptualization of equitable and multicultural sci-
ence teaching practices. The publication of Project 2061’s Science for All Americans
(American Association for the Advancement of Science, 1989) was one such ex-
ample. Although the intent of this document was to promote the notion that all stu-
dents could and should participate in learning science, it failed to examine underly-
ing reasons why females and minority students had not been participating and
succeeding in sciences. Also, the document raised debates about science teaching as
a representation of a universal way of knowing that denies the contributions of non-
Western science. More recently, the National Science Education Standards (National
Research Council, 1996), a document intended to provide guidelines for science
education reform, has been criticized for its superficial treatment of multiculturalism
and equity as an “invisible” discourse (Rodriguez, 1996). Rodriguez pointed out that
whereas the Standards featured numerous pictures showing females and minorities
as active participants in science activities, the written text did not articulate any theo-
retical or empirical bases for its recommendations for changing how diverse learners
experience science in classrooms. Educators must take care to observe implicit as-
sumptions reflected in curricular guidelines and reform documents that influence
how teachers think about the goals and outcomes of science teaching practice.

Despite the intents of science education reform documents, such as the Stan-
dards, to enhance science teaching nationwide, teachers must make sense of science
teaching practice with regard to their local schools and community contexts. Profes-
sional development leaders are challenged to ensure that teachers have opportunities
for professional development that can provide them with the skills, resources, and
knowledge necessary to help diverse learners gain literacy in science.

The purpose of this chapter is to assist professional development leaders as they
work with teachers to address issues of multiculturalism and equity in science edu-
cation. In the sections that follow, several themes highlight assumptions that are
essential for leaders to consider as they envision directions to be taken in profes-
sional goals and activities. Vignettes containing fictional accounts created by the
authors accompany each thematic section to illustrate what these assumptions might
mean in practical terms. Given that teachers (including professional development
leaders) may have backgrounds quite different from the students they teach, the themes
and vignettes may serve an important role in bridging cultural and social gaps that
might not otherwise be perceived by practitioners. Ultimately, the authors hope this
chapter provides professional development leaders and teachers with tools to help
them articulate and critique their own practices of multiculturalism and equity in
science teaching and learning.

Assumptions of Multicultural Practice and Perspectives

Assumption #1: The Iceberg View of Culture

In recent years, the cultural dimensions of science and science teaching have come
to occupy a much-enhanced position within the science education community. There
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is an explicit recognition that science is a social practice that is fundamentally
cultural in nature. However, there is little agreement about the very meaning of
culture. Similarly, in today’s science classrooms that are located in multicultural
communities, diverse accounts of what counts as science prevail. It is not surpris-
ing that educators struggle with applying the concept of culture to science teach-
ing; it is a concept that is dynamic and ever-changing in nature.

The Iceberg View of Culture is one model that is useful in developing multicultural
perspectives of science teaching and learning. The model uses an analogy of an ice-
berg, where the tip of the berg, visible above the surface of the water, constitutes only
a small portion of the total surface area. The larger portion of the iceberg remains
hidden below the water’s surface. When using this model to consider multicultural
practice in science classrooms, it is the “tip of the iceberg” that usually receives em-
phasis. The tip of the iceberg, in this context, consists of items
that reflect an appreciation of different cultures—items such There is an explicit
as the fine arts, literature, famous scientists, games, traditions,
scientific inventions, and the foods of particular groups of i . .
people. If science educators are to truly prepare students | SCience Is a social
through science to live in an increasingly diverse world, they practfce that is
must move beyond the mere appreciation of culture. It is nec-
essary to consider the many different aspects of culture be- )
low the tip of the iceberg that directly influence how children | CU ltural in nature.
learn science (e.g., patterns of group decision making, ap-
proaches to problem solving, relationship to animals, ordering of time, conceptions of
past and future, theories of disease, conceptions of beauty).

The following vignette illustrates what happens when a third grade teacher is
unaware of aspects of culture below the tip of the iceberg:

recognition that

fundamentally

Mark Hamilton knew that the students in his third grade class were excited about
the insect unit he had introduced earlier in the week. For the past two months,
they had worked diligently, with the help of several parents and volunteers from
the local nursery, to plan and build a school butterfly garden. Mark had used the
newly completed garden as a centerpiece for developing lessons for the insect
unit. He leaned back in his favorite chair, eager to read his students’ first journal
entries of their observations and reflections in the butterfly garden. As Mark read
Sarah’s journal entry, he became increasingly perplexed: “My teacher says but-
terflies are beautiful and we should be careful not to hurt them. He says that there
are many kinds of butterflies that make the world beautiful. My dad says that Mr.
Hamilton only thinks butterflies are beautiful because he buys his food at a gro-
cery store—but me and my dad, we know better.”

In this vignette, Mark Hamilton, a well-intentioned teacher, recognized the importance
of connecting science to real-world experiences. He viewed the butterfly garden as an

101



National Science Teachers Association

ideal opportunity for students to develop firsthand knowledge and appreciation of in-
sects. What he failed to consider was the lived experiences of students that rest below
the tip of the iceberg. For many years, Sarah’s family has made a living from their
small farm on the outskirts of the community. The vegetables from the garden and
fruits from the orchard keep food on the table, but only when her family is successfully
able to eliminate insect pests such as butterflies. A professional development leader in
science must be aware of the need for teachers to look below the tip of the iceberg and
help them recognize and utilize the unique cultural knowledge and experience that all
students bring with them as they enter the science classroom.

Assumption #2: Pipeline Goals for Science Education

In 1987, the National Science Foundation (NSF) published a report featuring a “pipe-
line” chart that dramatically illustrated the decline of student interest in pursuing
advanced science and engineering degrees. The study depicted a population of 4
million high school sophomores having a cohort of 750,000 students indicating an
interest in studying science and engineering. As seniors, only 590,000 from this same
group would declare a continued interest; following college, only 206,000 would
graduate with baccalaureate degrees in science and engineering. From this group,
the researchers estimated that only 61,000 would pursue graduate degrees, with a
mere 9,700 ultimately completing doctorates in science and engineering fields. This
picture pointed toward serious shortfalls in terms of having a work force prepared to
deal with the increasing demands of a future technologically-reliant society. More
critically, the pipeline dilemma raised questions about what factors contributed to
this problem and whose interests were implicated in this picture.

Initially, the solution to the pipeline dilemma was a matter of removing barriers
that prevented females and minorities from participating in science. Barriers were
evident in academia, as women in sciences consistently held more positions as assis-
tant professors while males dominated the ranks of associate and full professors
(National Academy of Sciences, 1979). Thus, policy-making in the late 1970s fo-
cused on discrimination in salary differences and promotional practices among males
and females in the workplace. Educational strategies were also seen as paramount to
advancing the roles of women in science. Results of tests administered by the Na-
tional Assessment of Educational Progress (1978) and the SAT in 1980 revealed
wide gaps, respectively, in terms of male and female science achievement and per-
formance in mathematics. In response, research focused on differences between males
and females, followed by recommendations for instructional strategies designed to
help females overcome their insufficiences. For example, research studies correlat-
ing visual spatial skill and mathematical performance implicated females as lacking
in their visual spatial ability; thus, instruction focused on remediation to develop
these skills (Maccoby & Jackline, 1974). Emphasis was placed on providing positive
classroom learning environments, screening texts for sexist characteristics, and moni-
toring classroom interactions to ensure equitable participation among teachers and
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students (Kahle, 1985). The following vignette illustrates how science teaching might
be seen in respect to the science pipeline scenario:

Linda, a middle school science teacher, was concerned about an apparent
decline of interest and participation among girls in her science classes. Over
the past eight years, she had observed how girls in sixth grade initially ex-
pressed intentions to pursue science-related careers, yet became disinterested
by the time they reached eighth grade. One the one hand, Linda was aware of
reports predicting a future crisis due to shortages of workers needed to sup-
port society’s increasing reliance on technology. More importantly, Linda was
concerned that girls may be shortchanged in reaching personal goals; she
could relate, as she had aspired to become a chemical engineer but somehow
found herself teaching science. Linda decided she would take action to help
girls maintain their interest in science and receive support in their studies. In
her own classroom, Linda made sure there were posters depicting both men
and women who had made important contributions to science. As students
engaged in lab activities, she was careful to ensure that males and females
had active roles using equipment and equal opportunities to contribute in
discussions; girls were not merely regulated to secretarial roles. Linda also
met with the school curriculum task force and counselors to outline courses
of study that would optimally prepare females to perform well in advanced
science and mathematics courses. She organized a monthly luncheon, where
female students could meet women working in science-related professions.
Linda hoped these interventions would have a positive impact on the retainment
of female students in science studies.

While Linda’s efforts might have some positive impact with respect to encouraging
females to participate in science, little was done to examine conditions that have his-
torically resulted in the disenfranchisement of women and minorities from science. As
Kahle and Meece (1994) pointed out: “Changes in the pipeline [after high school] are
due to emigration from, not immigration to, the [talent] pool (p. 543).” The pipeline
perspective is problematic in that questions that might lead to the critique of how sci-
ence is practiced are avoided. The problem is not simply who is or is not practicing
science; science educators must go further to question how and why science has been
conceptualized and how this influences societal perceptions of science as a way of
knowing. It is essential for the professional development leader in science education to
nurture the type of learning environment that provides teachers with the freedom to ask
questions that lead to the critique of science.

Assumption #3: Border-Crossing into School Science

Issues of cultural diversity are becoming more apparent in schools as many commu-
nities are becoming more ethnically diverse. Groups historically referred to as mi-
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nority populations are quickly becoming the majority in many urban areas across the
United States (National Center for Educational Statistics, 1994). Consistently, gaps
have appeared between the performance and participation of Anglo-European and
Asian students and minority groups in mathematics and science (National Education
Goals Panel, 1995; NSF, 1996). In response, science educators have promoted the
notion of multicultural science education as a means of facilitating the education of
culturally diverse learners. Interpretations of what constitutes a multicultural sci-
ence education, however, have become topics of tremendous debate. For some, the
issue of multicultural science is a philosophically-oriented dilemma in which West-
ern science is contrasted with other world views. Central to this debate is concern
regarding whose views legitimately count as science. Representing science from a
, Western worldview privileges a history of science emergent
Representing from ancient Greek and white European cultures—a type of
science from a science portrayed as a masculine, objectivist, and value-free
Western worldview domain of thought. Promoting Western science can be alien-
. ating to learners whose lives reflect non-Western orienta-
privi I eges a type of tions. Accordingly, multiculturalists call for a more holistic
science portr ayed as account, in which science has a pluralistic heritage that can
a masculine, f:olle'ctlvely refer to c?ther worldv1e.v&./s. Multlcultgral science,
N in this sense, would include “Traditional Ecological Knowl-
objectivist, and edge (Snively & Corsiglia, 1998),” which reflects how
value-free domain groups such as the Yupiaq of southwestern Alaska, aborigi-
of thou gh t nes of Australia, or Maoris of New Zealand have constructed
ecological knowledge over hundreds of years of observa-
tion. Some science educators have passionately reacted to
such a proposal, concerned that science would lose its unique description as a do-
main of knowledge qualified by its “technical precision, control, creative genius,
and explanatory power”’; additionally, they have expressed concern that indigenous
knowledges would be “absorbed by the dominant discourse of science (Cobern &
Loving, 1998, p. 10).”

Another perspective is concerned with the representation of science as a socio-
cultural practice in educational settings. Science is a social enterprise; however, school
science rarely acknowledges the social dimensions of scientific practice. Advocates
argue that teaching the sociology of science would facilitate teaching a more authen-
tic, inclusive science education (Cunningham & Helms, 1998). Emphasis on science
as a human practice would debunk a mythical view of science as the domain of the
intellectually privileged or as value-free. Teaching the sociological nature of scien-
tific endeavors would emphasize roles, such as social networking, peer review, and
skeptical critique in science classrooms. While this pedagogical approach might en-
courage a more authentic representation of science, it must also address the diverse
social and cultural backgrounds of students. Schools are social institutions that present
students with various types of borders that may generally challenge their participa-
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tion, specifically in subcultures associated with learning in subject areas such as
science. As students move between their everyday “life-world” cultures to the sub-
culture of the science classroom, they encounter borders as they negotiate shifts in
language, beliefs, and conventions of practice (Aikenhead, 1996). The crossing of
borders may appear as insurmountable obstacles to students or may force students to
abandon traditional knowledge from home to assume a new scientifically educated
way of knowing. The following vignette illustrates an example of border crossing in
a middle school science classroom:

Ms. Kelley, an eighth grade teacher, was frustrated because many of her students
had, once again, not completed their homework assignment. In the past, she might
have experienced this problem with a few students, but it seemed that lately
struggles with student participation had increased in conjunction with the recent
influx of truck-driving families from Mexico. Janelle, a typical example, had re-
cently moved with her family to El Paso, as her father wanted to take advantage
of the growing trucking business. A new trade agreement established between the
United States and Mexico had created huge demands for individuals who could
drive semitrucks across the border. Janelle’s mother had a third grade education,
and her father had completed only the eighth grade. Local authorities insisted
that Janelle attend school; this had presented problems at home, where Janelle
was expected to help raise her younger siblings. Janelle had shown an interest in
the homework assignments, but found it difficult to work at home. She shared a
bedroom with four younger sisters and brothers and had nowhere to concentrate.
In addition, when Janelle had questions and could go no further with assign-
ments, there was no one at home to provide help. Ms. Kelley had given her a
phone number for a “Homework Hotline,” but as Janelle did not have a phone at
the trailer nor one nearby, she had thrown away the number. She wanted to share
with Ms. Kelley her reasons for not doing the homework, but she did not want to
embarrass her family in doing so. Janelle felt it would all be for naught because
she anticipated that she would not be attending school much longer anyway.

While philosophical debates challenge science educators to reflect on deeply embed-
ded beliefs that shape how science is represented in the classroom, there is a more
immediate need. Professional development leaders must challenge teachers to con-
sider the impact of border-crossings experienced in science classrooms that are be-
coming more culturally diverse. They must make a commitment to supporting teachers
as learners and recognize that teachers can engage in sophisticated classroom research
that can shed light on these border-crossings. Ultimately, professional development
leaders and teachers must support each other in their efforts to push their knowledge of
students, subject matter, the community, and pedagogy to new levels.
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Assumption #4: The Promise of Scientific Literacy: Science for All
The rhetoric of modern day reform is replete with references to scientific literacy and
descriptions of how it might be developed or obtained. An impressive number of sci-
ence education researchers, reformers, and practitioners have joined in echoing the call
for scientific literacy in today’s schools. One need not look beyond the first sentence of
the NSES, which stated, “‘in a world filled with the products of scientific inquiry, scien-
tific literacy has become a necessity for everyone (National Research Council, 1996).”
At the heart of this Standards-based vision of scientific
At the heart of this | literacy is a belief that everyone can do science and, by ex-
Standards-based tension, science must be relevant to all learners. The “sci-
o R ence for all” metaphor has become a banner that affirms the
vision of scientific belief that school science is essential to maintaining and
literacy is a belief | participating in a democratic society. The belief that every-
that ev eryone can one can do science is not a new idea. }:Zven egrly in the 19005’:

) educators embraced the principle of “all children can learn.
do science and, by | Yet cultural norms of that time supported concepts of intel-
extension, sclence ligence based on individual and group ditferences, initially
must be relevant to giving rise to programs that tracked students on the basis of
ability. Some would argue that little has changed since that
all learners. time and that our current treatment of the all-children-can-
learn principle offers little more than superficial “window
dressing” for old beliefs and practices (Oakes, 1995).

Traditionally, a Eurocentric or androcentric perspective has permeated school sci-
ence. Science curricula and textbooks privileged the perspectives and histories of some
groups, while excluding the contributions of many culturally diverse individuals and
groups. As our society has become increasingly more diverse, there has been an ex-
plicit recognition of the need to include and value the knowlegdes, ways of knowing,
and contributions of less dominant cultures in school science. Under the slogan of
“science for all,” a plethora of new curricula and programs have risen to the forefront.
In the attempt to customize science to fit a variety of learners, we now have “girl-
friendly,” “antiracist,” and “indigenous science” curricula and programs, to name a
few. In their roles as professional development leaders, teachers may find themselves
charged with the task of helping school colleagues find ways to make science cultur-
ally affirming for all students. But the attempt to customize science to fit every type of
learner may simply lead to the creation of new stereotypic boxes. There is a real danger
that in the process of creating boxes for every type of leamer, we simply reinforce
traditional stereotypes, as the following vignette illustrates:

My name is Elena. For the past five years I have been teaching at an elementary
school nestled within a lower middle-class suburb. I have always loved science.
At an early age, I was interested in animals and had hopes of one day becoming
a veterinarian. I soon learned, however, that this was not considered to be a
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suitable career for girls. Although I love teaching, I can’t help but wonder if I
became a teacher by default. Even today I sometimes wistfully reflect on those
early dreams. As an experienced teacher, I know that fifth grade is a pivotal year
in the transition from elementary to middle school, childhood to adolescence. 1
also believe that it is a critical time for nurturing students’ awareness of career
possibilities. 1 hope that all students will leave my class believing that they can
choose to participate in a variety of science-related careers. In particular, I have
made it a goal to include and develop a learning environment that invites girls to
participate in science. This year I was confronted with a dilemma in my efforts to
create a gender-inclusive science curriculum. I learned that even the best inten-
tions sometimes have unexpected outcomes.

As part of a unit on oceanography, I created an interest center that | hoped
would entice the students in my classroom to consider a variety of marine science
careers. At the center, I included a poster of women scientists, a book and cas-
sette entitled “You Can Be a Woman Marine Biologist,” biographies of women
oceanographers, and similar materials. 1 was pleased to see students demon-
strating an interest in the center throughout the week. Thus, the conversation
between two of my students, Rusty and Kip, came as a surprise. We had just
finished an experiment involving the density of ocean water. Students were clean-
ing up when I overheard Rusty’s conversation with Kip: “I hope we’re almost
finished with this. Who cares about studying the ocean anyway? It’s only for
girls—they’re the only ones who get jobs working in the ocean.”

In this vignette, Elena was searching for ways to communicate the message that
““You too can do science.” Her efforts to make science accessible for female students
communicated a message of exclusion for the male students in her class. Teachers
must take care to include culturally diverse role models, both male and female, in
curricula and other aspects of the learning environment. Professional development
leaders can assist teachers in identifying appropriate resources for creating a mutu-
ally inclusive environment for learning science.

Theoretical and Practical Implications for Professional

Development Leaders in Science Education

Professional development leaders cannot assume that teachers recognize the need for
multicultural emphasis in the practice of science. Even when the awareness level among
school personnel is high, professional development leaders need to help teachers see
how multicultural issues are explicitly related to the content area of science.

The role of a professional development leader is essential to enhancing or defeating the
potential of a culturally inclusive science curriculum. The leader must be able to model and
value alternate ways of thinking that are culturally relevant to science. The leader must ac-
tively promote the need to build upon students’ prior knowledge, affirm student and commu-
nity “funds of knowledge,”” and develop coherence between home and school cultures.
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It is important for leaders to recognize that equitable science teaching practice is
not something that can be mandated. Teachers, students, administrators, university
faculty, and other community members must have opportu-
Teachers must take nities to learn from one another in order to draw inspiration
from and build the science curricula and ways of knowing
) around individual differences.
culturally diverse Professional development leaders must work to bring
role models, both about structural changes in schooling that are essential to
changes in the culture of teachers. In so doing, they must
) reconceptualize opportunities for teachers to have time to
curricula and other | reflect on and reconstruct culturally relevant and equitable
aspects of the | practice. A wide array of reflective tools can be used to help
develop and apply multicultural understandings to science
) teaching and learning. In this final section, we describe sev-
environment. | cral of the reflective tools that the professional development
leader can use to invite teachers to reflect on their own as-
sumptions about multicultural science education. The tools are intended to support
teachers as they construct their own practices and purposes of critique. We hope
these tools will encourage teachers to move beyond Standards-based visions of
multicultural practice. (For additional information about these tools, see Nichols,
Tippins, & Wieseman, 1997).

care to include

male and female, in

learning

Classroom Cases

Case-based pedagogies in science education are a useful tool for promoting re-
flective inquiry, engaging teachers in learning from experiences, and strengthen-
ing decision making and problem solving skills. A classroom case is a narrative
description of a realistic classroom dilemma that provides context for analyzing
and solving problems. Open cases involve unresolved dilemmas, whereas closed
cases involve dilemmas with a resolution. We encourage teachers to write open
or closed cases based on their personal experience with dilemmas of multicultural
practice. Cases can be shared with colleagues who construct solutions to open
cases and react to closed cases.

Video Cases

Video cases are a relatively new format of classroom cases that can serve as a
backdrop for examining multicultural practice in science classrooms. The re-
cently released Harvard-Smithsonian Video Case Studies in Science Education
(Harvard-Smithsonian Center for Astrophysics, 1997) highlights a number of sci-
ence teaching and learning dilemmas with implications for multicultural practice.
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Cultural Maps

Cultural maps are a type of critical autobiography that enables teachers to reflect on
their own culture or life history. Teachers are asked to draw

or map their own culture without the linear constraints of Language has the
written or spoken autobiographies. As teachers analyze their
maps, they reflect on how science and science learning is
(or is apparently missing) in their culture and life histories. teacher Change by
The cultural map is an important beginning point for many providing

teachers in the critique of multicultural practice; for many,
the map is their first consideration of the experiences, rela-
tionships, beliefs, and events comprising their own culture. metaphors and

images with which
to conceptualize

potential to facilitate

alternative

Decision Making Grids

The decision making grid serves as a tool to highlight com- i
mon interests, feelings, and purposes with respect to multicultural
multicultural practice. As shared decision making gains mo- practice.

mentum in our schools, the professional development leader

in science may find this tool particularly useful for helping teachers describe the nature
of decisions to be made and for involving them directly in the decision making process.
The tool consists of a 5" x 4" grid of 20 blocks. Categories of choice listed at the top of
each column include: strongly agree, agree, neutral, disagree, and strongly disagree.
Teachers place their choices into columns on the grid, depending on how they rank
items from highest to lowest within a category. For example, in the textbook adoption
process, teachers may use the grid to consider the extent to which curricula are cultur-
ally relevant.

Metaphors

Language has the potential to facilitate teacher change by providing alternative meta-
phors and images with which to conceptualize multicultural practice. Metaphors are
tools useful for: conceptualizing teacher roles (e.g., Briscoe, 1991; Tobin, Tippins, &
Hook, 1994); framing events, problems, and solutions (e.g., Gozzi, 1991); or serving
as a vehicle to facilitate teacher change in beliefs with respect to multicultural practice
(e.g., Tobin, Kahle, & Fraser, 1990). A metaphor role-play is a useful way of initially
introducing this tool. A set of index cards is prepared, each with a science teaching and
learning metaphor relevant to multicultural practice. Examples of metaphors that may
be used include: teacher as gardener, teacher as interior designer, teacher as skydiver,
teacher as soldier, teacher as nurse, teacher as sports trainer, and many others. Working
in teams of two, teachers discuss the significance of their metaphor with respect to
multicultural science practice. As each team pantomimes their metaphor, class discus-
sion may center on understanding the nature of science, teaching, and learning through
experiences that are grounded in personal and cultural beliefs.
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Conclusion

In summary, as professional development leaders work with teachers to trans-
form classroom science teaching and learning practices, it is important for them
to be aware of assumptions underlying various views of multiculturalism and
equity. Educators have framed issues associated with teaching diverse learners
from a variety of perspectives. Models such as the Iceberg View of Culture, for
example, while intended to celebrate cultural diversity may unintentionally en-
courage teachers to stereotype students and their families. The rhetoric of reform
documents, such as the slogan “science for all,” overlook conditions which have
historically dissuaded some groups from participation in science learning and
science or science-related careers. Recently, science educators have begun to
frame diversity from the assumption that students perceive and negotiate com-
plex social borders between home and school. Seeing multiculturalism as a com-
plex negotiation of borders calls for science educators and students to explore
each other’s experiences and assumptions that shape their participation or
nonparticipation in science classrooms.

Changing classroom teaching practices to involve all students in science learn-
ing can not be simply mandated through policy. Teachers and students need op-
portunities to share with each other their expectations and goals for participation
in school science. There are many ways that professional development leaders
can model teacher-student communication and help teachers analyze their views
of science teaching and learning. A number of tools suggested in this chapter can
be used to support this process, including: cases, cultural maps, decision making
grids, and metaphors. Ultimately, the transformation of classrooms to equitably
involve teachers and students in science learning must be a shared commitment
to learn science.
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Leaming does not come from one source, nor is it best learned from be-hind a desk,
hands folded, feet flat on the floor, and eyes front. Before the child entered school,
he learned language actively, by interacting with his environment. He used language
purposefully to get things done. As educators, we must merge our traditional sense of
schooling with the real world. What we do in school must not insult the child’s past but
must build on his past and encourage future learning (Boloz, 1985).

One of the greatest challenges faced in the classroom, perhaps in life, is knowing
and appreciating others. “Others” are defined by their relationship to the dominant
group, they are not mainstream; they come from marginalized communities—they are
the people not like “us.” The term, “other” is obviously a subjective one; it places self
at the center and identifies those unlike self as the “other.” As teachers, the students we
face daily are, to varying degrees, the other. We are connected to them and separated
from them by gender, age, class, religion, race, ethnicity, values, and countless other
criteria that can be used to distinguish one group of people from another. It is probably
safe to assume that the greater the diversity within a community of learners, the more
challenging it becomes to meet their needs instructionally. This is particularly true in
science, which is not just a body of knowledge but a way of knowing. “Science distin-
guishes itself from other ways of knowing and from other bodies of knowledge through
the use of empirical standards, logical arguments, and skepticism, as scientists strive
for the best possible explanations about the natural world (National Research Council
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[NRC], 1996, p. 201).” A way of knowing and understanding the world is the founda-

tion upon which a group builds cultural identity: Sometimes, that way of knowing runs

counter to the process of scientific inquiry. In other cases, the

A wa y of knowing methods of science may parallel traditional approaches to ex-

and understandin g planation, but the content itself may offend or contradict sa-

) cred knowledge. In still other instances, it is not the logic of

the world is the science nor its content that presents difficulties, but an im-

foundation upon bedded image of who scientists are and who can be a scien-

; tist.

Wh,’Ch d group Given such constraints, how do educators develop a sci-

builds cultural entifically literate nation and, as Boloz calls for (1985), not

identity. insult the child’s past but instead build upon it and encour-

age future learning? This chapter addresses some of the fun-

damental issues that we, as professional educators, must concern ourselves with in

order to teach science in a way that is both academically sound and socially respon-
sible.

Defining Culture

In order to grasp the complexities of multicultural education, it is first necessary to
have an understanding of the concept of culture. A common and simple definition for
culture typically reads something like the totality of ideas, beliefs, values, and knowl-
edge held by a group of individuals who share a common history. A more detailed
version might go on to say that artifacts and patterns of behavior are reflections of
culture. Anthropologists have emphasized the communicative nature of culture and
its function as an adaptive mechanism.

An understanding of culture at the conceptual level is essential for education and
other social disciplines. However, at the level of application and practice, culture can
be a problematic construct. Within anthropology, debates exist over whether cultures
are discrete entities with recognizable borders or whether they exist in a layered and
overlapping fashion with variations, such as subcultures, countercultures, and alterna-
tive cultures. For example, in communities that have remained intact for generations,
there are generally those factions that adhere to the more traditional ways of their
ancestors and those who believe that the prosperity of the people depends on their
ability to integrate more modern approaches to living. Does this merging of new and
old practices result in a new culture or in a variation of the old? Are the traditionalists
and the moderns still members of the same cultural group?

Elementary and secondary educators frequently use culture as an organizational
scheme for the study of human groups. Unfortunately, rather than increase student
understanding of human diversity, this can be a reductive approach that results in a
simplistic and impoverished understanding of a group of people or, worse, the cre-
ation and perpetuation of stereotypical images. For example, Native American peoples
have, in some classrooms, become a homogenized, singular group characterized by
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corn, beans, and squash or tepees and moccasins. In many cases, cultural studies at
the K—12 level is little more than an ethnic food-fair, and students come to think of
people in terms of the objects that are part of their lifestyle rather than the totality of
their ideas, beliefs, knowledge, and shared history.

Given the ambiguity of meaning and the difficulty in applying the concept of cul-
ture in classroom studies, how can educators work toward a
culturally sensitive or multicultural pedagogy? Atwater, In many cases,
Crockett, and Kilpatrick stated that: “A successful
multicultural science curriculum includes both the integra- .
tion of culture and the use of various teaching strategies to the K-12 level is
accommodate different ways of knowing (1996, p. 171).” The little more than an
last portion of this statement is particularly important; in or-
der to teach science in an equitable way, it is essential to ac-
commodate ditferent ways of knowing. Less clear is how cul- students come to
ture can be integrated into the teaching of science when culture think of peop/e in
is such a complex concept.

cultural studies at

ethnic food-fair—

terms of the objects

Differences That Make a Difference that are part of their
Difference is used in some educational circles to avoid the dif- /[festyle rather than
ficulties of interpre?ing and applying the concept of culture. the tota /ity of their
However, the term difference also presents problems at the level . .
of application and practice because it is a term that calls for ! deas, belief 5
comparisons. The inclination is to place the dominant group at knowled ge, and
center and anyone else, in comparison, is different. The term
diversity, which simply indicates variation and does not de-
partmentalize groups in the way that the term culture does, is
perhaps more useful for the development of inclusive science programs. Diversity is,
after all, an important concept in science and a critical one to understand as it relates to
systems, whether they be biological, economic, or social.

Student populations in American schools are becoming increasingly diverse; how-
ever, not all differences carry the same weight in terms of educational equity, par-
ticularly for equal opportunities in science. Within science education, the differences
that make a difference tend to be constructed around race, class, gender, worldview,
and local knowledge. Because these factors tend to exist in various combinations,
rather than as easily observed isolates, it may be impossible to say that inequity is
more closely associated with one than another. In Kozol’s Savage Inequalities, the
convoluted nature of inequity was brought forth in the words of a high school student
in East St. Louis:

shared history.

“If you don't live up there in the hills, or further back, you can't attend their
schools. That, at least, is what they told my mother.”
“Is that a matter of race?” I ask. “Or money?”
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“Well,” she says, choosing her words with care, “‘the two things, race and money,
go so close together—what's the difference (1991, p. 31)?”

Regardless of the reasons for inequality in education, practices of exclusion occur at
many different levels; some of these are overt, whereas others are embedded practices
that may have reached a taken-for-granted status. This latter group is far more difficult to
address because the problem of exclusion goes unrecognized. Worldview and informal
or local knowledge are powerful factors that come to play in an individual’s ability to
enter into the world of science. These often go unnoticed because it is very difficult for
many educators to recognize their own worldview or to remain conscious of the fact that
science is a way of knowing rather than ultimate truth. Because of this blind spot, teach-
ers may view the traditional or religious knowledge that some students bring to school
with them as superstitious or ignorant if it conflicts with scientific explanation.

Science and Power: Answering the “So What?” Question
Does everyone need science? How does the study of science or the exclusion from it
make a difference in an individual’s life? The National Science Education Standards
were based on the conviction that, “...all students deserve and must have the opportu-
nity to become scientifically literate (NRC, 1996, p. 1).” Science educators who are
truly committed to an inclusive science program must understand the implications of
leaving students or groups of students out of science instruction. According to the
Standards, there are four primary reasons that all students need to become scientifi-
cally literate: (a) an understanding of science offers personal fulfillment, (b) scientific
information and ways of thinking allow people to make better decisions regarding the
social and physical world in which they live, (c) scientific knowledge and skills will
allow students to hold meaningful and productive jobs, and (d) a scientifically literate
nation will allow the country to remain globally competitive. Some of these reasons
focus on the importance of science at the societal level, whereas others more directly
address the needs and welfare of the individual. With each
Science is a way of statement of what science education can provide is also an
kno Wing, but not all 1mphe.d message regarding the consequences th’flt may come
about if individuals or groups of people are denied access to

kinds of know/edge quality science instruction,

are equa//y valued The implied messages conveyed through each of these
statements do not, however, carry equal weight nor are they
equally logical. For example, although scientific understand-
ing can provide greater personal fulfillment, probably no
one would argue that it is impossible to lead a fulfilling life without a strong scien-
tific foundation. The implications carried in some of the other implied messages are
more serious. The ability to make informed judgments about the natural world or to
evaluate the kinds of health care available are critical to the quality of life in the
present and perhaps for generations to come. When this type of knowledge is not

within a society.
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available to individuals or to whole communities, they are at risk of being taken
advantage of by unethical land developers, powerful corporations, and even by gov-
ernment agencies. They do not have the knowledge or skills to think critically about
important issues or to act as advocates on their own behalf.

Science is a way of knowing, but not all kinds of knowledge are equally valued
within a society. Within Western culture, the thinking and technical skills learned
through science instruction are those that have become most valued in the work-
place. Scientific knowledge may be viewed as a kind of capital, not just in the mon-
etary sense that it allows access to higher paying professions but because it also
allows greater access to power. It is undeniable that the groups who are
underrepresented in science and mathematics classes are the same groups who are
underrepresented in positions of power and authority. Returning to the “So what?”
question, not everyone will become a scientist and not everyone will engage in sci-
entific discourse at the same level, but educators must understand the link between
scientific literacy and social/economic empowerment.

Toward an Inclusive Science: Recognizing the groups who are
Appropriate Practice

Goals and objectives like those identified in the National Sci- )
ence Education Standards must necessarily precede changes | SCIENCE and

It is undeniable that

underrepresented in

in professional practice and behavior, but they in no way guar- mathematics classes

antee that changes will come to pass, nor do they present a
pathway to those changes. What the Standards do provide is
a change in tone and emphasis for professional development. who are under-
Of the new standards for professional development, the call represented in
to integrate theory and practice in school settings and a change
in teacher identity from technician to intellectual and reflec- )
tive practitioner are the most important to developing inclu- and authority.
sive science programs.

Some educators may find it difficult to read these new standards for professional
practice without a degree of skepticism. There should be no doubt that these attitudes
are critical to “new science” instruction but there are changes—and there are changes.
Changes in fundamental attitudes and deeply embedded, habituated behaviors are
the most difficult to achieve. Research in the area of prejudice reduction and diver-
sity education indicates that a brief course or workshop raises an individual’s level of
awareness regarding issues of culture but that these interventions have not proven to
be very effective in terms of behavioral change (Brooks, Gersh, Currey, & Davis,
1996). How, then, does one provide the kind of professional development that makes
a difference? To address this, it is helpful to examine situations where teachers al-
ready exhibit appropriate practice. The following cases provide a window for ob-
serving inclusive science in practice.

positions of power
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Teaching Science in a Hopi Classroom

In his book, Enduring Seeds, Gary Nabhan, ethnobotanist and cofounder of Native
Seeds/SEARCH, tells a story of being invited to a Hopi community school to teach
the students about plants. He stresses the fact that he and his colleagues were not
expected to teach about plants in the same way that the elders would but that they
had been encouraged to “link what was already familiar to that formidable phantom
named science (1989, p. 67).” To make the connection between the familiar and
science, they chose to teach the students about adaptations to wind, sand, and drought
using the plants that the children knew best, Hopi crops. For the first lesson, they
came prepared with teaching tools: sand, seeds, posters, and other equipment for
conducting experiments. The posters showed diagrams of corn and bean seedlings
and their different parts. As they were assembling these materials for instruction, a
Hopi teacher walked past the classroom and asked, “What are you planning to do
with that drawing of bean sprouts?” Nabhan explained that they would teach the kids
about seedling shapes and parts. She then asked, “How about that box full of sand?”
Nabhan’s colleague informed the teacher that they would have students measure the
growth of corn roots and shoots as they expanded in the sand. Considering his reply,
the teacher responded;

Hmmm... The box and growing plants in the sand seem just fine. But the bean
sprouts on the poster...Unh-uh. See, the children here are presented with bean
sprouts, but at a special time. The Katsina dancers hand them bundles of sprouts
early one morning, as part of the nine-day Bean Dance sequence. The children
take these gifts back to their families, and a traditional food is fixed from them.
That's when Hopi kids are supposed to see sprouts out in the open. I don’t know
if it can be anytime at all. It’s because they are part of something sacred, we
have our own way of teaching the children about them. Would there be any way
that you could teach the students what you want to without showing them the
bean sprout poster? (Nabhan, 1989, p. 68.)

Nabhan and his colleagues agreed that they could use the poster of the

corn to relate the seeds to the seedlings and the seedlings to whole plants. They also
decided that they could talk about the differences between corn and beans, which
was apparent even at the seed stage. The teacher approved of this modification, and
the students were able to learn about plant growth. They worked with Nabhan and
the others to compare the seeds of different varieties of Hopi corn and beans. They
processed and ate them, learned about adaptations, compared the growth rate for two
types of corn, and had an opportunity to participate in the planting of some rare
native crops. Nabhan summed up this experience saying,

The children had their hands and minds working with crops that some of them
might cultivate, cook, and consume for much of their lives. As three outsiders,
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we had learned how to place science in a particular cultural context, a lesson
more valuable than the display of one bean diagram (1989, p. 68).

Teaching Science at Crow Canyon Archaeological Center

Crow Canyon Archaeological Center is a not-for-profit research and education facil-
ity located in southwestern Colorado. The area, part of a larger region known as the
Four Corners, is rich with the material remains of past cultures. The artifacts and
ancient architecture that riddle this arid land are the focus of researchers at the Cen-
ter, who attempt to reconstruct the story of the ancestral Pueblo people who occupied
the area until around 1300 A.D.

In addition to archaeological research, the Center conducts education programs
with members of the lay public, the youngest being fourth graders and the oldest
being senior citizens. The Center is unique in that participants are taught through
involvement in the research process. For adults and older children, this experience
includes excavation on an archaeological site and laboratory analysis. Educators at
the Center introduce younger students to the archaeological process through site
visits, inquiry lessons with artifacts, and simulated research components. Approxi-
mately 3,500 students come to Crow Canyon’s campus each year to participate in the
science of archaeology; roughly 75 percent of them are visiting the Center with a
school group.

Although schools from as far away as Pennsylvania and Florida travel to Crow
Canyon, a large percentage of them are also local, coming from Colorado and sur-
rounding states. Because of these varied backgrounds, Crow Canyon’s student popula-
tion is diversified in a number of ways, including age, race, and ethnicity, meaning that
the educators have many variables to consider in designing lessons and programs. One
of these challenges has been adapting activities for the more than 300 Navajo sixth
graders who come to the Center each spring from eastern Arizona.

Teaching the science of archaeology to these students presents several problems.
Historically speaking, the relationship between archaeologists and Native Ameri-
cans has not been a warm one. Although much of the archaeological research con-
ducted in America is concerned with the Native American past, the profession has
not, until more recently, considered the perspectives of Native peoples nor has it
conducted research in consultation with them.

I watched archaeologists discount most of what they heard from Indians as politi-
cal rhetoric, repeatedly reassuring themselves that if they could just educate the
Indians, then, after an epiphany, the Indians would leave them alone to continue
sciencing. The Native Americans, for their part, simply could not believe that
scientific curiosity was sufficient justification for the desecration of the graves of
their ancestors. Nor could they believe that anyone, let alone archaeologists—
who after all, traced their intellectual lineage to the founders of American an-
thropology—could be so insensitive to the beliefs of Native Americans. Finally,
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they could not believe that archaeologists as anthropologists, practitioners of the
“most human” of the social sciences, could so thoroughly dehumanize and ob-
Jectify the people they studied (Downer, 1997, p. 23).

Although the relationship between archaeologists and Native peoples is changing,
and part of Crow Canyon’s mission is to conduct research in partnership with Native
Americans, these sixth graders must find it a bit awkward to be studying at an ar-
chaeological center. They have doubtlessly heard from older members of their fam-
ily that “archaeologists dig up pots” and that “they rob the graves of our ancestors.”
The situation is additionally problematic for these youngsters because they are Na-
vajo, and for Navajos who live in a more traditional way, those objects that belonged
to people now dead are considered taboo.

Educators at Crow Canyon had to assume that the parents were open to finding out
more about archaeology—or at least not so opposed as to forbid any consideration of
it—or they would not be allowing their children to participate in the program. Address-
ing the issue of the Navajo students coming into contact with artifacts was more com-
plex. Realistically speaking, it would be difficult to conduct archaeological research
without coming face to face with the artifacts of past cultures. However, the primary
objective for this group was not to have them excavate or conduct actual lab analysis,
but to teach the process and thinking skills archaeologists use to learn about the past.
To accomplish this, the staff replaced all cultural materials from the teaching kits and
simulations with replicated artifacts. In addition, they covered display cases that con-
tained artifacts and assured teachers that the students would not visit any archaeologi-
cal sites. When the Navajo students asked if the pottery shards or projectile points were
“real,” the educators were able to say, “No, they are modern; we made them here at
Crow Canyon.” Removing the kinds of barriers that would have prevented these stu-
dents from engaging in archaeology permitted them to learn more about this particular
area of scientific research and did so in a way that did not insult their own past.

Having Wonderful Ideas: The Science Lab Model
According to Duckworth (1987), the essence of intellectual development is the abil-
ity to have wonderful ideas or to set tasks for one’s self. Some students come to
school with a greater facility for doing this than others; innate ability and social
influences are involved to some degree, but the stimulation a child receives from her
or his environment also plays a critical role in the development of curious behavior.
Deanna Tebockhorst has been science coordinator at Frank Porter Graham Elemen-
tary in Chapel Hill, North Carolina, for 15 years. In that period of time, she has devel-
oped a school science lab that has grown from a few shelves filled with equipment to a
large interactive room filled with an ever-changing array of rabbits, reptiles, guinea
pigs, birds, bones, shells, computers, leaves, animal footprints, etc. As coordinator,
Tebockhorst has used this room and its resources to instruct whole classes, individual
students, teachers, parents, and anyone else who walks in and says, “Wow!” It is a
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place designed to inspire “the having of wonderful ideas.” Tebockhorst sometimes
bases lessons on curriculum needs for a particular class, but they also grow from the
questions generated by students while “investigating stuff” in the lab. It would be a
fallacy to say that the environment does all the teaching; Tebockhorst is highly skilled
at identifying curious behavior in students and in guiding them through systematic
investigation. Students beg their parents and “Ms. T.” (as Tebockhorst is fondly re-
ferred to) for the opportunity to stay after school and visit the science lab. These stu-
dents are not just from the middle-class, academic neighborhoods surrounding Chapel
Hill, but also from nearby trailer courts, as well as some of the more elite neighbor-
hoods. They are ESL students, gifted students, learning disabled students; they are
Anglo, Hispanic, African American, male, and female—they are as diverse as the room
itself. Through this science lab, Tebockhorst has helped transform countless students,
teachers, parents, and even administrators into scientifically literate individuals, and
she has helped others replicate the model throughout the country.

Common Themes

Several important points can be drawn from an examination of these three cases.
First, the instructors in each case were open to a consideration of alternative para-
digms. In the first two, at the Hopi school and at Crow Canyon, the educators acted
on suggestions based on different paradigms for perceiving the world and con-
structing knowledge about it, and they found ways to modify lessons accordingly.
It is also important to note that the ways in which they altered their plans did not
require sacrificing important learning objectives. In the third case, Tebockhorst
thought outside the paradigm of traditional elementary school science; she relied
little on textbooks and, instead, privileged authentic inquiry.

The second point of intersection is that each of the instructors in these cases
demonstrated respect for the various communities their students came from through
collaboration with members of those communities. In the first two cases, the col-
laboration was with teachers; the third was with various community members, in-
cluding teachers, parents, and students.

A third commonality among these cases was that all recognized the importance of
inquiry and of structuring science classes in a way that will stimulate inquiry. Nabhan
and his colleagues, as well as the teachers at Crow Canyon, did not change the kind of
thinking that their students would be engaged in; they simply changed some of the
materials they taught with in order to honor traditional beliefs held by families in the
community. Tebockhorst created a diverse environment that promoted interaction and
inquisitive thought, a place where anyone could walk in and find something they wanted
to know more about.

Knowing and Teaching Others: A Complex Act

An analysis of these three cases provides insight into what inclusive science teaching
looks like and the kinds of decisions inclusive science teachers make, but the challenge
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of moving teachers toward inclusive practice remains. The act of teaching does not
easily translate into neat packages that others can interpret and replicate. If one accepts
that the social world is complex and that teaching is a social act, then it follows that
reform efforts will be of a similar nature. This is particularly so when considering
issues of culture. As was brought forward earlier in this chap-
ter and exemplified in the three cases, the development of
environment is inclusive science programs is not so much a method as it is an
easier to sha pe or attitude and disposition held by teachers, along with an envi-
. ronment that nurtures and stimulates inquiry.
modif y than the The learning environment is easier to shape or modify
indi vidual, but the than the individual, but the setting itself does not guarantee
setting itself does inclusion or equity; in the end, teachers and the decisions
they make are the defining difference. The science lab that
Tebockhorst developed grew out of an attitude that said cu-
inclusion or equity; | riosity is central to scientific inquiry and everyone has it;
in the end, teachers teachers can help students tap into their own curiosity by
.. developing a stimulating environment and guiding them
and the decisions througlrl) sygstematic inquirgy. Teachers could criate a fcience
they make are the | lab identical to Tebockhorst's, but it would not transform
defining difference. them into a *Ms. T.” They could study Hopi culture, but
they would not become a Gary Nabhan. Professional devel-
opment that addresses cultural issues in the teaching of science must first and fore-
most nurture the spirit of inclusion and respect demonstrated by these teachers.

The learning

not guarantee

Characteristics of Inclusive Science Teachers

Although it is not easy to transmit the spirit of inclusion, it is possible to recognize
some of the traits associated with this attitude of mind and identify possibilities for
the type of professional development that will lead to growth. Following are four
characteristics that seem to be essential to fostering the spirit of inclusion.

1. Inclusive science teachers know their students and the communities they come from.
In anthropology, the most common method for getting 10 know others is to go into
their community and spend time with them. For professional anthropologists, this
usually means living in that community for an extended period. It is unrealistic to
expect this same commitment from teachers, especially considering the diverse com-
munities that are represented in most classrooms. It is not unrealistic, however, to
expect teachers to visit the communities their students come from. Imagine, for
example, a professional development program where teachers earn credit for at-
tending church in a community where some of their students live or for shopping in
their local supermarket or attending a community event. Another way that teachers
can develop a better understanding of the cultures represented in their classrooms, is
through reading good ethnographies and first-person accounts.
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Chicana writer Gloria Anzaldua referred to the common territory occupied by
people who are different from one another as the borderlands. Anzaldua said
that borderlands exist anytime the space between two people shrinks with inti-
macy. The intimacy created when one person learns the personal stories of an-
other helps shrink the space between the two individuals (Anzaldua, 1987). Teach-
ers can shrink the space between themselves and their students by visiting the
communities their students live in and, in doing so, move toward developing the
kind of intimacy Anzaldua wrote of.

. Inclusive science teachers know themselves. There is a great deal of truth in the oft-
quoted phrase, ““To know others you must first know yourself.” Those who cannot rec-
ognize the different lenses through which they view the world are inclined to interpret
their own perspective as “the right” perspective. However, when perception is viewed
within the context of self, the community, and local knowledge, one becomes less in-
clined to view life as contrasts in black and white. Additionally, as one comes to recog-
nize the dynamics at work in the construction of personal perceptions, they are granted
the vision for better understanding the perceptions of others. The struggle has always
been inner and is played out in the outer terrains. Awareness of our situation must come
before inner changes, which in turn come before changes in society. Nothing happens in
the real world unless it first happens in the images in our heads (Anzaldua, 1987, p. 87).

The path to a true understanding of self is probably a lifelong journey, but
there are some ways to facilitate that process. One method is through training
programs designed specifically for the purpose of raising self-awareness regard-
ing prejudice and bias. As was mentioned earlier in this chapter, these programs
are not generally effective in regard to behavioral change, but they can help
participants recognize aspects of self that limit their understanding and accep-
tance of others. Another approach is through efforts that promote self-reflective
practice, such as action research.

. Inclusive science teachers understand the concept of culture. This chapter began
with an emphasis on culture and the importance of developing an understanding of
culture at the conceptual level. Unfortunately, the depth of understanding required
to impact instructional practice does not come naturally to most people and requires
some form of focused, disciplined study. For this reason, the development of cul-
tural understanding should be integrated into every undergraduate teacher-educa-
tion program in the form of required courses in anthropology. Specifically, everyone
aimed at a career in education should be required to take, at the very least, one
course in general anthropology and one in educational anthropology. This is not to
imply that anthropology is the path to enlightenment, but it is the discipline that
most focuses on the study and understanding of culture.
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Teachers of science | 4. Inclusive science teachers understand the nature of science.
Teachers of science must be able to recognize their disci-
i ) pline as a way of knowing rather than as merely the content
recognize their that students should come to know. Unfortunately, many
discip/ine as a way teachers themselves have never known the excitement of
scientific investigation. Until educators come to experience
the scientific process firsthand, they cannot truly know the
than as merely the nature of science and they will defer to authorities—the writ-
content that ers of textbook “facts.” Professional development for sci-
students should ence teachers must provide, among other things, the oppor-
tunity for teachers to work with professional researchers and
come to know. experience science learning for themselves.

must be able to

of knowing rather

Conclusion

This chapter is by no means a comprehensive treatment of cultural issues in the
teaching of science. It does, however, present some foundational understandings that
are essential for the development of inclusive science programs for a diverse society.
Inclusive science teachers are flexible thinkers and capable of considering alterna-
tive paradigms, they show respect for other communities by working with members
of those communities in collaborative ways, and they recognize the need for creating
stimulating learning environments where all students can become engaged in scien-
tific inquiry. Professional development opportunities must focus on experiences that
increase the individual teacher’s knowledge of community and of self. They must
also develop a stronger understanding of the concept of culture and of the nature of
science. Inclusive science educators must know the “others” in their classrooms and
not condemn other ways of knowing. In this way, they can “build on a child’s past
and encourage future learning (Boloz, 1985).”
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Education standards and reform initiatives are building momentum around
the country. Most of the activity focuses on developing standards-based curricu-
lum and evaluation materials as well as new pedagogy for classroom settings. There
are also recommendations in the reform documents that specifically address the roles
of informal science learning centers (ISLC). Providing equitable access to science learn-
ing, enhancing professional development for classroom teachers, promoting a science-
literate society, and expanding classroom experience are four areas in which informal
education excels. Science education efforts in formal (classroom-based) and informal
(e.g., museums, science centers, zoos) learning environments benefit from having com-
mon curriculum goals in place. The national and state goals provide an effective meet-
ing ground for all science educators as they develop and evaluate their programs.

Promoting a Science-Literate Society

ISLC:s are science education facilities, such as museums and science centers, that are
located outside the formal classroom. They provide the members of a community
with various ways to leamn about the sciences. Through collections, exhibitions, unique
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environments, and staff expertise, these institutions create powerful firsthand learn-

ing experiences that honor multiple learning styles and backgrounds. Parents can

explore exhibits with their children, researchers have the opportunity to share their

investigations with the community, and students of all ages can experiment with

science and technology in a hands-on environment. The general public, as well as

educators, can come to understand and support the new educational standards within
the context of a science center.

Opportunities for Reform documents repeatedly encourage widespread par-
the genera | pub/ic ticipation in science education. In Benchmarks for Science
. Literacy, teachers were encouraged to “exploit the rich re-
o learn science b y sources of the larger community” (American Association

inquiry are rare. for the Advancement of Science [AAAS], 1989, p. 206) as

they involve parents and other adults. The National Science
Education Standards called for more emphasis on “access to the world beyond the
classroom” (National Research Council, 1996, p. 220) for field trips and other pro-
grams.

Opportunities for the general public to learn science by inquiry are rare. Passive
learning opportunities are readily available. Science-related documentaries are com-
mon on cable television, computer-based science materials are widespread on the
Internet, and scientific computer packages are becoming more popular. Even when
this information is of high quality, it often does not have the impact and multidimen-
sionality of tangible objects, multisensory experiences, and reality-based learning
situations offered in a museum, science center, or other ISLCs.

Americans visit a science museumn an average of twice a year (Miller & Pifer,
1995). ISLCs offer adults the opportunity to learn about the latest trends in science,
technology, and science education reforms. Many institutions are explicitly describ-
ing how their exhibits reflect the visions of national reform documents via text pan-
els and supplementary programs. Increasing citizens’ comfort level with scientific
principles through hands-on experience and awareness of real-world applications
may enhance their understanding of current issues in the news and on the ballot.

Equitable Access to Science Learning

Equity requires the availability of quality educational facilities to all students, class-
room teachers, and schools. The hands-on exhibits and programs at an ISLC provide
opportunities to all schools in the service area. If the ISLC is used as an adjunct
laboratory to the classroom, school systems can more easily achieve high educa-
tional standards. Teachers can introduce, reinforce and enhance, and/or assess their
students’ learning by creatively using the novel, rich resources in exhibits and pro-
grams. Instead of being treated as a “day off” for students and classroom teachers,
the field trip experience can be a highly-charged educational experience that is fully
integrated into the curriculum. Informing teachers about the standards-based learn-
ing opportunities available at the ISLC is crucial.
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Another aspect of equity is developing educational oppor- Even if teachers
tunities for a wide variety of learners. Many informal science
education settings effectively address accessibility issues and ]
different learning styles. Diverse presentation methods (mul- understanding of
tisensory, participatory, and interactive exhibits, for example) education resources
are often part of exhibit development priorities at ISLCs. In
addition, these facilities offer students a place to “go beyond
the core [curriculum] in response to their individual interests, they may not be
talent, and plans for the future (AAAS, 1993, p. 385).” aware of speciﬁc

have a general

in their community,

. o iti
Professional Development of Educators pportunities

Many ISLCs offer excellent facilities for teacher education available at near. by
and enrichment (Leroux, 1989). Teacher education programs ISLCs.

at some ISLCs provide inservice and preservice teachers with

standards-based curriculum materials, a chance to find out more about field trip pro-
grams, and opportunities to network with other educators.

Many museums and science centers offer curriculum libraries to classroom teachers
as part of their educational mission. Some of these libraries are now online; they are
examples of another growing tield for [ISLCs—electronic outreach via distance learn-
ing and Internet-based resources. Gearing inservice and preservice events, as well as
the resource collection, toward the common goals and standards used in the region
greatly enhances the effectiveness of these services. In addition, educators at ISL.Cs
are being recognized as a significant component of the science education commu-
nity. In many states, informal educators are actively participating in education con-
ferences, action teams, curriculum and evaluation committees, and other efforts to
implement standards. Professional science education organizations have also recog-
nized the role of informal education. Both the National Science Teachers Associa-
tion and the Association for the Education of Teachers in Science have standing
committees on informal science education.

Enhancing the Classroom Experience
Classroom teachers will find it easier to integrate informal education opportunities
into their curriculum design if ISLCs provide schools with detailed information on
the curriculum goals that their programs meet. In addition, ISLCs can increase their
visibility, effectiveness, and funding opportunities through specifically identifying
their participation in the education reform process. Even if teachers have a general
understanding of education resources in their community, they may not be aware of
specific opportunities available at nearby ISL.Cs. It is important that state- and dis-
trict-level administrators increase teachers’ awareness of ISLC programs that en-
hance classroom science teaching and leaming.

The AAAS (1995) acknowledged two facilities, Mid-West Public Garden Col-
laborative and the Cranbrook Institute of Science, for taking the lead in supporting
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the classroom environment. Since then, there have been similar efforts at other insti-
tutions. Unfortunately, much of this development has gone unnoticed by classroom
teachers as they focus on incorporating the reforms into their curricula.

In supporting the classroom environment, the ISLC’s role is twofold. First, it is
essential that ISLCs incorporate education standards and reform goals into their pro-
grams. Second, they must inform their audience of the resources they offer in this
area. Nielsen (1997) lists several case studies as examples of this effort; she also
outlines several approaches that ISLCs may use to begin a standards-based program
focus. Two additional institutions currently using national and state standards in edu-
cation programs are the Museum of Natural History and Planetarium in Providence,
Rhode Island, and the Hatfield Marine Science Center (HMSC) in Newport, Oregon.

Two Case Studies

The Museum of Natural History and Planetarium was built in 1896 and has a long

history of serving as an informal learning resource for the community. When it first

opened 102 years ago, it was fondly referred to as the “People’s University.” Through

the years, the museum evolved, transtorming from an almost exclusive role as a reposi-

tory of knowledge to a role that put the communication of knowledge on an equal plane
of importance. Through professional development programs,

Teachers are once teachers are once again considering the museum a university
aga in considerin g of the people, offering unique learning opportunities for them-

selves and their students.

the museum a Joint Ventures, an exhibit of vertebrate skeletons from
uni versity of the around the world, has provided the Museum of Natural His-
peop /e/ offerin g tory and Planetarium V\./l.th a laboratory for new profess.lonal

) ) development opportunities for classroom teachers. This ex-

unique 1earmning | pibit showcases 35 real skeletons arranged in five different
opportunities for | global settings: the South American rain forest; the Austra-

themselves and lian Qutback; the Afncan savanna; the Amerllcan West; and
a typical home setting, which features domestic animals. All
of the skeletons are of animals that presently exist on earth.
The brightly illuminated skeletons are in realistic poses
within each diorama with minimal environmental props (e.g., plants, murals, habitat
cues). The visitor’s guide on this global tour is “Bone Phillips,” a human skeleton,
who can be found positioned differently in each habitat. As contrast, the floor, ceil-
ing, and walls are all black. It is left to the visitor’s imagination and prior knowledge
to fill in the missing elements of this “bare bones” exhibit. A classroom area within
the exhibit encourages teachers to conduct discussions.

National science reform documents were considered during the planning of the
Joint Ventures exhibit. The unifying concepts in the National Science Education
Standards were used as organizers for each setting and served as a framework for
future programs for the general public, as well as teachers. In this way, the museum

their students.
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helps all members of the community to be aware of the reforms, illustrates their
applications within the exhibit, and models how they can be taught through partici-
pation in workshops and programs.

Similarly, the tenets of the national reforms have guided the professional develop-
ment programs designed in conjunction with this exhibit. A series of workshops was
offered that showed how to use the exhibit in teaching unifying concepts and common
themes. Form and function, for example, is clearly reflected in the collection of skel-
etons. Most visitors, adults and children, had seen only reconstructed dinosaur skel-
etons displayed in museums, animals of which they have had no firsthand knowledge.
However, they did have some familiarity with the animals whose skeletons were on
display in Joint Ventures and could easily find out more about each from videos, tele-
vision, books, zoos, wildlife centers, or even pet stores. Teachers learned how to make
appropriate connections between a skeleton and behavior patterns, as well as inquiry-
based methods to help teach these concepts to their students.

Another series of professional development involved bringing together middle-
and secondary-level teachers from different academic disciplines to identify com-
mon themes across content areas. Teachers worked in cross-disciplinary teams to
develop curriculum modules to use in their classrooms. In this way, the museum
exhibit was meaningfully integrated into the local curricula of the respective teach-
ers. Instead of the typical model of professional development, this was a give-and-
take collaboration that enhanced the quality of the curricula.

In 1997, HMSC opened a new visitor center to showcase its scientists’ research
activities. The HMSC visitor center is a state-of-the-art science museum designed to
give the visitor the experience of joining with scientists in their investigations. Mul-
tisensory exhibits, interactive computer displays, video terminals, and natural his-
tory exhibits offer many types of science information. In designing a new set of
school (and group) programs to complement the visitor center, the Education De-
partment pinpointed specific state and national curriculum goals and standards to
address in each of the programs. Group leaders receive previsit materials in printed
form or through the World Wide Web (e.g., Sea Grant Marine Education Program,
1997). Each previsit packet begins with a list of goals, objectives, and standards
covered by the program (Table 1). The initial feedback from this presentation has
been quite positive. HMSC educators plan to continue including standards and re-
form applications as they develop future materials and programs.

Evaluation of ISLC Exhibits and Programs

The standards and reform goals provide powerful tools to use in both formative and
summative evaluations of exhibits and programs at ISI.Cs. Evaluation is an essential
element in assessing the effectiveness of science learning opportunities in informal
settings. Formative evaluation is a progressive tool, as developers plan, evaluate,
modify, and then reevaluate exhibits in an ongoing cycle. Exhibit designers can tar-
get reform goals starting with the conceptual stage and continuing throughout the
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Table 1: Sample First Page from HMSC School Program Previsit Materials

Endangered Species Laboratory

This lab experience will offer students the opportunity to learn about endangered species
in Oregon. A review of species that are listed and the causes of their decline will be pre-
sented. A hands-on activity to demonstrate genetic diversity and extraction of DNA in the
lab will be conducted.

Oregon Education Common Curriculum Goals and Benchmarks

Curriculum Goal: Students will understand the transmission of traits in living things.

Grade 8 Benchmark  Students will be able to describe how the traits of an organism
are passed from generation to generation.

Grade 10 Benchmark  Students will be able to analyze the structure and function of DNA
and its role in information transfer from one generation to the next,
including laws of heredity.

Curriculum Goal: Students will understand the relationships between living things
and their environments.

Grade 8 Benchmark Students will identify and describe the factors that influence or
change the balance of populations in their environment.

project. Publications like the National Science Education Standards and Benchmarks
Jor Science Literacy are valuable content resource summaries that can be used in
designing both public and education programs.

A summative evaluation (assessment of an existing facility’s exhibits) will pro-
vide a set of features and programs that meet educational goals of the school audi-
ence. This information can then be actively disseminated to classroom teachers and
administrators in the local field trip region. Similar information can be communi-
cated to the general public and parents and may be distributed to classroom teachers
during inservice and preservice events,

Conclusion

The development of national and state educational goals has given ISLCs an unprec-
edented opportunity to become active, valuable partners with formal education in achiev-
ing widespread scientific literacy in this country. Working toward these goals both in
conjunction with schools and independently as lifelong learning resources, ISLCs have
exciting challenges to face between now and the year 2061. Both informal and formal
science educators will benefit from working within the overlapping frameworks of
curriculum, assessment, and pedagogy provided by the reform documents.
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Inequity of access to today’s new tools becomes tomorrow’s enduring societal
loss.
—Gaines, Johnson, and King, 1996

The purpose of this chapter is to address the issue of technology equity in the
world of science educators, with an emphasis on professional development.
This subject becomes staggering when one begins to realize that technology in edu-
cation can cover such diverse software areas as videos to CD-ROM:s to audio tapes
and an equally varied hardware contingency, ranging from VCRs to computer hard-
ware to laser-disk and audiotape players. In addition, the overwhelming discussion
area within equity is often given as access to this technology. Herein lies another
overwhelming topic, in that the number of ways to address the acquirement or ob-
struction of technological access varies greatly. With these two related areas in mind,
definitions of importance, as well as which access issues are covered in this chapter
will be addressed first. Next, a sampling of some of the literature available on this
topic will be covered. Lastly, this chapter will discuss how concerned educators can
deal with the equity issue, as well as create change to help and encourage students to
survive intact in an ever-evolving technological world.

Definitions

For the purposes of this chapter, all definitions will focus on the access to technology
in education, in general, and science education, in particular. This will include spe-
cial emphasis on the professional development of said science educators.
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Many years later, the amounts and formats of materials available in schools—espe-
cially in the areas of science, math, foreign languages, counseling, and nonprint me-
dia—grew with the establishment of the National Defense Education Act of 1958.!

The NDEA provided federal monies that educators were to apply to the above-
specified areas (Butler, 1995). Awareness of technology in education continued. In
1987, Cole and Griffin pointed out that in order for a program to function as an
essential component of an exemplary pedagogy, it was essential to assure that all
students have equitable access to technology. Now, as the new millennium approaches,
the Clinton Administration is championing * ... ongoing federal investments in key
activities such as distance learning, use of technology in math and science education,
and research and development of new, effective educational technology (United States
Department of Education, 1996).”

Science educators, as well as others in American schools, find themselves need-
ing more financial support than ever before. As the costs of educational technologies
expand, keeping current becomes a never-ending task. Educators and students alike
may find themselves questioning whether there is something more hi-tech or newly
created—perhaps existing in cyberspace or being cut into a CD-ROM—which they
need to add to the science classroom. Therefore, obtaining the funding necessary to
remain current is an umbrella equity concern in the ever-expanding technological
environment. For the purposes of this chapter, socioeconomic, multicultural, and
special needs populations are thus included under this umbrella.

Populations (Socioeconomic)

Many schools do not have the necessary finances available to provide the adequate
hardware and software needed (Gaines, Johnson, & King, 1996).2 This may be the
result of disproportionate funding (Sayers, 1995). Such funding differences, which
between rich and poor districts can be substantial, often result in less access to tech-
nology for students of low-income and minority backgrounds (Northwest Educa-
tional Technology Consortium, 1997). Indeed, it has been found that “Leading edge
technology districts are more likely to be located in affluent suburban communities
(United States Department of Education, 1996).”

Disproportionate funding can also occur within schools or between schools in a
district. This could be the result of an internal budget structure within the organiza-
tion which allocates monies to one area or group over that of another or of preferred-
user status. Thus, computer hardware support might be allocated in one subject area
but little earmarked for software purchase. For example, recently in one Chicago
public school, a computer lab was found to be outfitted with new Windows machines
and NO software (A. Torok, personal communication, September 27, {998\,

In addition, those students in higher socioeconomic areas are more likely to
have personal computers in the household (Milone & Salpeter, 1996; Mosle, 1995).
While a few poorer districts may be able to place computers and software in
students’ homes through grant monies or programs that provide older hardware

135

L 2



National Science Teachers Association

L 2

from area business, etc., this is not a common occurrence.
o Thus, those who may most need computer support at
districts may be able home—because they are unable to obtain it in the
to p/ace computers schools—are also those least likely to secure such sup-
port (Milone & Salpeter, 1996). According to Robert
Hennely (1996) in an article for Education Digest, those
students” homes | children least likely to have computers in the home are
through grant those in inner cities or rural areas—traditionally lower-
income locales.* However, both urban and rural disad-
] vantaged, when given access to technology, are zealous
that pr ovide older users (United States Department of Commerce, 1995). Thus,
hardware from area the Information Age exacerbates disparities between these
groups and the wealthy and middle class (Hancock &
Wingert, 1995; Hennely, 1996). As a result, Internet use
da COmmon | s also most likely to occur with children on a higher so-
occurrence. cioeconomic plane, given that lower-income families may

not even be able to afford a phone (Katz & Aspden, 1996).

Schmid (1996) finds that suburban schools are more apt to be on-line than are
urban, and Berenfeld (1997) concludes, given the same online resources, that all
students have an equal ability to obtain information. Indeed, in a decade when it
is said that “the use of technology in the classroom improves students’ motiva-
tion and attitudes about themselves and about learning (U.S. Department of Edu-
cation, 1996),” the ability to access at all or in part, such important technological
information sources as the Internet or various software reference tools like
“Encarta” (1998) or “Encyclopedia Americana on CD-ROM” (1996), has a strong
influence on American education. As such, inequities in technology between those
who have none or little and those who have much more can and could create a
division in U.S. schools, thus stratifying American society intellectually. Addi-
tionally, at a time when computer literacy is becoming a “must” in terms of em-
ployment, the broadening disparity in technology access is subduing any finan-
cial aid increases (Hennely, 1996).

Related to the funding/access quagmire is format-dependent access. Accord-
ing to a number of student teachers polled in a math and science methods class,
use of technology in their science classrooms depended on, among other things,
the availability of the proper hardware and/or software needed in order to present
the material (Cummings & Oppewal, 1997). In addition, Butler and Cunningham
(1996) found, when comparing Internet versus CD-ROM access in both K-12
schools and higher academia, that “...the availability of funds, equipment, soft-
ware, and training” affected equity/access. This is true for both the Internet and
CD-ROMs. Of the four criteria, three (equipment, software, and training) are
directly dependent on the fourth (funding). Indeed, financial considerations are
of importance in educational technology equity for all educators.

While a few poorer

and software in

monies or programs

business, this is not
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Populations (Multicultural)

In her piece, “Technology and Equity,” Neuman (1991) points out that the two
terms in her title have not always been allies. Development of such a partnership
has been hampered, especially in view of computers and software, by distribu-
tion inequities within the schools (see funding discussion above). Nowhere is
this more evident than with minority students. Becker (1983, 1985) found that a
disproportionate number of African American and Hispanic students were using
drill-and-practice software as compared to their white counterparts, who were
more likely to be learning programming. According to Roblyer, Dozier-Henry, &
Burnette (1996): “...when economically disadvantaged students do get to use
computers, they are used primarily for remediation and basic skills.” In light of
this statement, Yeaman (1991) considers computer use as a method of social
stratification. However, Roblyer, et al., (1996) and Cummins & Sayers (1996)
both find technology as worthy of being in the schools. Technology allows stu-
dents to learn about and communicate with others and can introduce students to
very different cultures.*

While divergent cultures may support varying learning styles, Schwartz (1995)
sees children not only learning English through computer use, but their native
language as well. Indeed, because “language can ... emerge ...as a way of defin-
ing ‘us’ in comparison to ‘them’” (Valdes, 1998), the computer becomes a tool to
join students of diverse cultures into one linguistic group within a classroom.’
Schwartz (1995) also perceives computer use for all students as a critical think-
ing tool and as a host for practical reasoning skills. These ideas can be applied to
Lee and Fradd’s article, “Science for All, Including Students From Non-English-
Language Backgrounds.” In this article, the two authors point out that students
from diverse cultural and language backgrounds have varying communication
patterns that influence their learning styles. As such, they “...propose the notion
of instructional congruence to indicate the process of mediating the nature of
academic content with students’ language and cultural experiences to make such
content (e.g., science) accessible, meaningful, and relevant for diverse students...
(Lee & Fradd, 1998).” Because science instruction in the 1990s means working
with CD-ROMs, computer programs, and videos, as well as with direct observa-
tion and experimentation (Cummings & Oppewal, 1997), the position of instruc-
tional congruence, additionally, might be applied to instruction via technological
means. Thus, “...technology can fundamentally assist by opening up avenues for
communication (Roblyer, Dozier-Henry, & Burnette, 1996).”

Populations (Special Needs)

Technology access for special needs students falls into two categories of disabilities:
physical and learning. Because a number of federal and state laws look to provide
disabled children the same rights to education as that of all other children (Parette &
VanBiervliet 1990; Milone, 1997), it is often necessary to find technologies that will
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support meeting these educational goals. A variety of manufacturers have developed
assistive technologies® to help both the physically and learning disabled overcome a
myriad of barriers (Coombs & Cartwright, 1994). While
Techno Iogy access assistive technologies normally are assumed to include modi-
fied software and hardware choices for those with physical
. disabilities (including visual and audio barriers), they may
students falls into | 150 help those to whom content or barriers to understand-
two Categorieg of | ing are obstacles (“Products which enhance access to the
WWW: Understanding,” n.d.).
) Solutions for physically disabled students involve pro-
and learning. viding specialized hardware. For example, consider the va-
riety of tools available should a mouse be a barrier for com-
puter access. Among such hardware are joysticks, electronic pointing devices worn
on the head, sip and puff straws, alternative keyboards, track balls, and touch screens
(“Products which enhance access to the WWW: Mouse emulators,” n.d.). Solutions
may also involve software, including that which allows keys on the numeric key-
board to take the place of mouse movements and cursor voice recognition software.
Programs are also available which can synthesize speech and text translators/closed
captioning (Coombs & Cartwright, 1994; United States Department of Education,
1996; Harkins, Loeterman, Lan, & Korres, 1996; “Products which enhance access to
the WWW: Understanding,” n.d.). Additionally, it is now possible for many physi-
cally disabled individuals to access the web. For example, WGBH Online provides
navigational aids for the blind, audio services for the deaf, etc. (WGBH, 1997). Other
useful items that students with visual disabilities might access include: screen mag-
nification software, screen-reading software, “talking” browsers, digitized sound clips,
and so on. Those who are hearing disabled might benefit from text captions of video
images (“Products which enhance access to the WWW,” n.d.; “Products which en-
hance access to the WWW: Vision,” n.d.).

Learning disabled students can also take advantage of a variety of software pro-
grams, These programs—with simple, explicit directions—may provide such stu-
dents with the ability to word process, find and remember information, and develop
proficiency in problem solving (United Stated Department of Education, 1996). While
most web page access for the disabled student appears to veer on the side of the
physically disabled, inclusion of those with cognitive or learning disabilities has also
been addressed. Such students will benefit from web pages designed to cater to their
strengths. Some may find graphics informative or need graphic bookmarks instead
of text-based ones. Others may need to make use of screen-reading software, should
text prove a barrier to their understanding of web page information (‘“Designing
access to WWW pages,” n.d.).

Many states, organizations, and private individuals are concerned with issues of
access for those with disabilities (Alliance for Technology Access, 1996; Parette &
VanBiervliet, 1990; Center on Information Technology, 1997; Wakefield, n.d.; WGBH,

for special needs

disabilities: physical
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1997). The state of Arkansas, for example, stresses that technology can help the dis-
abled obtain an appropriate education and create a less restrictive school setting. It also
emphasizes that schools within its borders need to evaluate disabled students, identify
and provide them with the most current technology available for their needs, and use
an individualized education program’ to best help each student in his or her learning
(Parette & VanBiervliet, 1990). In addition, working with specific hardware and soft-
ware for the disabled can also help teachers of such students avoid “individualization
burnout” which “...occurs when teachers are buried by the tasks of aligning materials
with the curriculum, pretesting, making prescriptions, tutoring and post-testing indi-
vidually every student in the class” (Foshay, n.d.). This in itself may encourage equity
in the classroom, especially for mainstreamed students who might otherwise be lost in
the shuffle of the class as a whole. On a more somber note, given this discussion into
specialized hardware and software, the issue of financial support once again arises. For
more on this, see the section on funding above.

Sex/Gender

“No person in the United States shall, on the basis of sex, be excluded from partici-
pation in, be denied the benefits of, or be subjected to discrimination under any
education program or activity receiving Federal financial assistance” (Title IX,
1972). While this may seem a given in today’s society, the concern over sex and
gender equality in educational technology has waxed and waned in the United
States for decades.

Originally, access to technology and related technological issues in education
was not a battle of the sexes. The first textbook author to cover aspects of technology
in education (then called audiovisual education) was a woman, Anna Verona Dorris,
who published her book in 1923. Later educators, dealing with such aspects of tech-
nology as educational radio, sound recordings, films, and much more, were equi-
table—whoever was skilled and knowledgeable was the expert, sex notwithstand-
ing. It was not until World War II that the technology/education focus became almost
predominantly male. This was a direct result of the civilian war effort and the mili-
tary, both male-dominated, and proactive in educational films and other training
materials. Additionally, the presence of males in a majority of administrative posts
within K—12 educational institutions and higher academia at this time encouraged a
more masculine view of the world (Butler, 1995). However, times changed. Some 30
years later, an interest in gender equity via science and technology resulted in the
1979 establishment of an international conference entitled “Girls and Science and
Technology (Daniels & Butler, 1987).” By the early 1980s, Pamela M. D’Onofrio-
Flores held (in a United Nations report) that *“...technology ...reinforces the division
of labour between nations, classes, and the sexes (1982).” Related to this is the work
of Reinen and Plomp (1994), which found that females were less likely than males to
use and understand technology and more likely than males to see software as prob-
lematic. Presently, the focus in nonprint education continues to be male-dominated
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(Geisert & Futrell, 1995; Gipson, 1997; Knupfer, 1997; Mark & Hanson, 1992).
Nevertheless, in the 1990s, we are beginning to see a concerted effort to again make
this a more equitable area.

Nonetheless, access to technology in education, in terms of sex and gender issues,
presents us with unique circumstances and varying points of view. According to Milone
and Salpeter (1996), both males and females in schools today enjoy approximately the
same amount and types of access, as well as similar responses to instructional/educa-
tional technology. However, their attitudes toward technology may differ, perhaps be-
cause girls are less likely to participate in after-class or optional in-class computer
activities. Milone and Salpeter appear to hold a minority position, however, as is evi-
denced by the following authors. Knupfer feels that women have been partially ex-
cluded from technology, for example in planning, development, and implementation.
She also observes that there is a male influence in computer software and on web
pages—especially in areas of clip art and children’s art (Knupfer, 1997). Mclnemey
and Park (1986) suggest that sex-role stereotyping and few role models steer adoles-
cent girls away from technology participation. Two other authors, Geisert and Futrell
(1995), feel that software, especially computer games, is also inequitable—focusing
on males and subjects of interest to them, such as battles and a myriad of action. Joe
Urschel (1996) also states that computer games cater to males, thus *“...further distanc-
ing the computer from girls (Urschel, 1996).”

Gunn (1994) writes that elementary-aged girls are shortchanged in education in

areas of math, science, and technology. This observation is

Access to echoed by Fear-Fenn and Kapostasy (1992), who have found

. that high school girls are less likely to have taken courses in
teChnOIOgy in the sciences, math, and computer technology than are their
education, in terms | male counterparts. Gunn’s (1994) perceptions are that our

/ of sex and gender society has different expectations for the two sexes, which
contribute to gender differences in our classrooms and in
computer use. These comments are sustained by Merri
with unique Rosenberg, who states: “Girls see computers as a means to
circumstances and an end. Girls have been socialized to believe that it’s not
quite an appropriate thing for them (Rosenberg, 1998).”
Gipson (1997) observes that teachers are more likely to in-
view. struct boys on how to complete a project, while either show-

ing girls exactly how to do something or doing it for them.

(The implication here is that such varied reactions to students, based on their sex,
influences how these students perceive themselves in the technological world and
how they then react to this world.) Mangione (1995) cites research showing that
because much computer use has been developed in the traditionally male fields of
math and science that the consequence is a bias toward masculine lines of reasoning.
In addition, Kevin Maney, in an article for USA Today, maintains that high-tech jobs
are more likely to be held by men than women, an “industrywide” problem which

issues, presents us

varying points of
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“...begins in math class and ultimately ends with women “All, regard/ess of
closed out of one of the fastest-growing and most important
job markets of the future (Maney, 1996).” Maney’s assump- .
tion appears to be that K—12 education has a strong influ- | €CONOMIC status, are
ence in later career development across the sexes. entitled to a fair
How can gender equity be achieved so that all may have
equal access to instructional/educational technology? Th- .
ompson, Simonson, & Hargrave (1992) suggest that educa- tools for developing
tors encourage females to use technology and propose that their individual
inservice training in the area of equity may augment cogni-
zance toward attaining educational equality. In at least one .
state, lowa, concern over gender equity has resulted in a law spirit to the utmost
which requires public and privately-accredited K-12 schools (Na tional
to teach all curriculum from both a multicultural and non-
gender-biased point of view (“Sexism in education: Is there .
gender equity in your community school district?” 1993). Excellence in
Please note the close inter-relationships in most of these Education/ 1983).”
areas of discussion above. The list of issues in terms of
equity/access and technology in education is endless. Next is addressed how some
of these issues can be handled in current teaching environments.

race or class or

chance and to the

powers of mind and

Commission on

How This Relates to Science Educators and Professional Development
“All, regardless of race or class or economic status, are entitled to a fair chance and
to the tools for developing their individual powers of mind and spirit to the utmost
(National Commission on Excellence in Education, 1983). The above quotation re-
lates to this chapter, because access remains an equity quagmire in a variety of edu-
cational arenas. In order to work toward achieving technological equality in science
education, there are a number of things that can be done. Educators can become
aware of the various types of access concerns, including those involving socioeco-
nomic, ethnic and racial, disabled, and other special populations. Next, educators
must plan for accountability, which is relevant to equity in that, given scarce re-
sources, it is necessary to know if said resources are achieving their specified aim
(Gaines, et al., 1996). It is also possible to address the primary access issue: funding.
While educators may not be able to control local, regional, state, or federal school
finances, they can learn to: lobby for more funds; write grants; arrange with compa-
nies and/or individuals for financial, equipment, or supplies’ donations; obtain tech-
nology leasing capabilities; and take advantage of local college and university pro-
grams of interest in the financial arena. Educators may also be able to warrant more
funds by concentrating on developing a program in one area (for example, of sci-
ence), and when its student benefits are documented, use that as justification for
additional funding in other areas (Van Orden, 1995). Through inservices, continuing
education, college classes, the Internet, research, and other informational and educa-
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tional resources, it is possible to obtain information and knowledge to support the
search for equity excellence. Additionally, future teachers should also receive train-
ing in equity issues. Indeed, Miller, Metheny, and Davison (1997), in “Issues in Inte-
grating Mathematics and Science,” feel that “those of us involved in the education of
science and mathematics teachers can perhaps suggest that preservice teacher educa-
tion may be the key to restructuring efforts (Miller, Metheny, & Davison, 1997).”
While Miller and his fellow authors are looking to restructuring traditional educa-
tional procedures, such thoughts can be applied to the technological access dilemma,
as well. Another area of importance is in materials’ provision, also affected by fund-
ing. Because much provision of this sort is a function of the school’s media center, it
is interesting to note that Barbara Stripling (1992), the author of “Libraries for the
National Education Goals,” specifically addresses “‘equitable access to technology
for students regardless of economic status, intellectual ability, or sex.” Teachers’
achievements in the area of educational technology equity will mean that the various
students taught—whether different because of economics, race, skill levels, or gen-
der—will have equal access to all the learning technologies that can be made available.

Given socioeconomic and multicultural diversities, teachers can additionally look
to themselves and acknowledge how they perceive and react to their various student
populations. They can—whether through formal diversity training or their own in-
trospection—work toward treating all groups in an equitable manner. Because edu-
cational technology itself can be seen as a social construction (Muffoletto, 1993),
] educators must recognize—when some groups have less

Given technological access—that even access may actually mean
socioeconomic and providing more technology for underprivileged and under-
recognized groups, i.e., equity not equality (see definitions).
) . (Extra access could be in the form of providing after school
diversities, teachers computer lab time, loaners, and local partnerships with area

can additiona lly business people, etc.) Then, once all groups are at the same
level, all students can be treated in an equitable manner.
Additionally for multicultural/minority students, the equity
and acknowl edge issue may apply to more than access via financial support.
how they perceive Equity may also apply to access to the same software pro-
and react to their grams as their more privileged counterparts. .Thus, the un-
) derprivileged should be afforded the opportunity to use soft-
various student ware beyond tutorials and drill-and-practice. If, because of
populations. lower knowledge and skill levels, it takes them longer to
achieve an advanced stage, then the concept of equity ver-

sus equality should furthermore apply.

Educational technology equity for physically and mentally disabled students also
appears to be dependent on funding. Once funding is in place, educators will be
better able to work with these groups. In addition, it is important that teachers de-
velop areas in which disabled students can feel comfortable and work to their ability

multicultural

look to themselves
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levels. This can be achieved through choosing less difficult software or supplying
the necessary hardware to make the technology more accessible. Graf (1995) speaks
to the fact that she uses both physically and mentally challenged students to perform
in “real-life job situations” within her school library media center. Some of these
chores involve inputting data on a computer. There is reason to expect that, given the
proper training, such students might be employed in similar manners within other
areas of the school, including, possibly, the science classroom.

When considering gender equity and educational technology access, there is a
divergence in what various authors believe. Some afford the notion that there is little,
if any, difference in how boys and girls use hardware and software. However, the
majority feel that an equity issue, based, in part, on societal perceptions, does reflect
how the two sexes use and react to technology in education. Of importance is that
educators become sensitive to differences which may exist consciously or uncon-
sciously within their classrooms concerning how they respond to their students. Once
educators are aware of their responses, they can work toward reacting to both males
and females in their classrooms in a similar manner. This may involve designing
specific curriculum that is free of gender (Mclnerney & Park, 1986); providing role
models and equal opportunities for technology use for girls (Gunn, 1994); or starting
a computer club for girls, if the original club is male-dominated (Urschel, 1996). By
having similar expectations for both sexes, working with software of interest to both
groups, encouraging everyone to participate evenly in educational technology usage,
and making technology activities available to all students, educators can hopefully
provide equity in their classrooms in terms of technology and science education.
Educators can also avoid biased instructional materials (in this case, software) and
make a concerted effort to assign tasks involving technological usage (such as copy-
ing disks, adding software, or searching the Internet) to both boys and girls. Again,
workshops, continuing education courses, partnerships between schools (Tucker,
Seluke, & Tucker, 1997), and introspection may help in achieving these goals.

Conclusion

Technology can enhance science education by making instruction understandable
and accessible to all. In order to do so, however, technology as an equalizer must be
open to the entire student population in an equitable manner. This includes choices
by science educators involving the communities of students they serve, the financial
environments in which they teach, and the professional development they undertake.

Notes

! This act was a direct result of the launching of Sputnik. Congressional concern that our education
system was lagging behind that of the Soviet Union caused members ot the U.S. Congress to pass
the NDEA. This act provided increased tunding for the nation’s public schools (Hopkins and But-
ler, 1991; Butler, 1995).

o

It is important to remember here that the terms “hardware” and “software” address more than
computers and the attending computer software (Gaines, et al., 1996). Other examples of hardware
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include camcorders, laser disk players, and so on. Software concerns can include videos, laser
disks, audiotapes, and others, in addition to that software used with computers.

Rural people are less likely to be empowered in terms of education (Carter, 1997; Howley and
Howley, 1995). (This fact also holds true for urban, minority populations.)

It is important to note here that there is bias is some children’s software (DeVaney, 1993). Often,
such bias is in the form of presenting lighter-skinned peoples as having higher intelligence, being
more positive role models, etc.

Currently, technology is used in multicultural education in any number of ways. Among these are
(1) use in telecommunications activities, such as partnering a school in the United States with one
in the former Soviet Union; (2) using technology to teach students English; and (3) using multime-
dia to promote both cultural diversity and awareness of cultural similarities (Roblyer, et al, 1996).

“...assistive technology means any device or service which can improve the quality of life for
people. Assistive technology covers the entire range of human inventions from simple spoons for
feeding to wheelchairs, to complex computer systems... (Parette & VanBiervliet, 1990).”

The individualized education program (IEP) is “...a written plan between the school and the stu-
dent and his or her parents. ... An IEP can call for use of a particular technology if it is needed for
the student’s education. IEPs also state in detail how often and how long the student must receive
educational services... (Parette & VanBiervliet, 1990).”
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Twenty—first century schools and classrooms are becoming more cultur-ally and
ethnically diverse each day. Science teachers, science supervisors, and science
education leaders face the challenge of designing and implementing strategies that
will work in a multicultural society. As professional development providers, educa-
tors have an exciting opportunity to offer insight and leadership while bringing mean-
ingful activities into the new multicultural setting (Madrazo, 1998). Science educa-
tors can contribute to the effort by actively promoting critical thinking and investigative
skills.

Science teachers, in particular, can help students develop the decision making, prob-
lem solving, and social skills necessary for participation in a culturally diverse society.
For example, teachers can use a reflective strategy, in which students are asked to
repeat major concepts and explain how newly learned material relates to information
previously learned about these concepts. Students will then understand the connec-
tions between the topics covered day to day. Reciprocal teaching, a method where the
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Science leadership teachers and students take turns leading discussions of text
at the district level material, allows students to take an active role in learning
and encourages them to work together to construct meaning
from the material. Finally, laboratory investigations can be
pr ofessional incorporated in authentic activities that all students relate to
deve /opm ent their everyday lives and experiences.
. ] The vision of the National Science Education Standards
activities to bri ng (National Research Council, 1996) is clear: science is for
about the kinds of all students, regardless of age, gender, cultural or ethnic
cha nges necessary background, ability, aspirations, or interest and motivation
) ) in science. Both the National Science Teachers Association
to achieve science (NSTA) and National Science Education Leadership Asso-
/iteracy for all... ciation (NSELA) have issued similar position statements
on multicultural science education. According to both pro-
fessional associations, the welfare of the American classroom is ultimately depen-
dent on the productivity of all students; all students can learn; and a/l those involved
in the educational enterprise—the students themselves, science education leaders,
parents, and community leaders—must be willing to dedicate resources and efforts
toward this end.

can influence

The Role of Professional Development in Multicultural Education
Leadership is important. Attention to science curriculum and instructional issues
through professional development activities should be an ongoing process in the
school district to make them better reflect the vision of multicultural education and
equity concerns. Science leadership at the district level can influence professional
development activities to bring about the kinds of changes necessary to achieve sci-
ence literacy for all, regardless of gender, ethnicity, social class, disabilities, or other
attributes. Because teacher leaders, as well as district science coordinators, science
department chairs, administrators, and other district personnel, can develop and re-
fine models of teaching science that align with the Standards, they can be leaders in
working with K-12 teachers in experimenting with a full range of content and peda-
gogical techniques that address multicultural education.

Multicultural and ethnic issues are important components in the reform agenda.
Even though suggested multicultural curricular activities are plentiful for the K-12
educator, it ts more difficult to achieve and sustain a viable professional develop-
ment program that provides teachers with the necessary ongoing support and train-
ing to reflect the vision of a multicultural classroom. What can science leaders at the
district level do to make the science classroom a better place for all students, espe-
cially those who are culturally diverse? They can:

¢ promote and contribute to the multicultural education agenda by securing addi-
tional resources, funds, and time commitments for classroom teachers
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& bring together teachers, university personnel, and key individuals in the commu-
nity to development models of multicultural education sequences that address the
needs of all students

& introduce teachers to innovative techniques and material via locally-sponsored
workshops

« develop policy aimed at encouraging more participation in science by minorities,
girls, and culturally diverse students

& encourage parents of culturally diverse students to visit the classroom and ob-
serve how the science curriculum and science teaching strategies might impact on
their students’ success

& enlist the support and resources of professional organizations particularly con-
cerned with multicultural education and equity issues, such as the National Sci-
ence Teachers Association, in reform efforts

o disseminate as well as expand the research and knowledge base about diverse
groups and how students learn science

Professional development leaders should encourage teachers to highlight role models
and their diverse career opportunities, especially those individuals whose gender or
ethnic background is typically under-represented in their field. These “living proof”
individuals serve as concrete images of success for the students. Science educators can
also help students learn about the influence of science and scientists on other fields,
such as history, mathematics, literature, and art. This presents an excellent opportunity
to promote the achievements of scientists from different backgrounds.

Multicultural Science Classrooms

The goal of multicultural education is to offer students an equal opportunity to learn
and see the possibilities awaiting them in life. Science teachers and science educa-
tion leaders have many opportunities to open a new world to students; science is the
perfect field for exploring diversity. Integrating multiculturalism into the science
curriculum begins with the additive process (Figure 1).

Adding “something multicultural” to science teaching and learning is a good be-
ginning, but actually attaining of multiculturalism in the science classroom must be
the goal. Habib (1992) articulated the following principles that should be reflected in
the multicultural science classroom:

+ The content and methodology of multicultural science curricula, including re-
source materials, should be significant to students in school and at home.

¢ The curriculum should help students see the connection between their local and
global environments and think conscientiously and critically about their roles in
these relationships.

& Teachers should encourage students to be active learners. Multicultural science
emphasizes dynamic inquiry and exploration, not static, memorized, right-or-wrong
answers.
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Figure 1: The Multicultural Science Curriculum, Teaching and Learning

Continuum

Advocacy (4)

Science Curriculum,
Teaching & Learning

Accumulation (3)

Multicultural
Addition (1)

Integration (2)

+ Science or mathematics instruction should represent a variety of traditional and
historical viewpoints—integrating literature, history, and the arts! By presenting
science as an ongoing, creative story with many parts, students will see their own
cultural experiences reflected in the lesson (Figure 2).

The teaching and learning processes can then move from integration to accumulation
and, finally, toward multiculturalism, also called “advocacy of multicultural science
education (Figure 3).” Integration reflects the extent to which teachers and students
relate information about various cultures to the concepts and theories of science. Teachers
should help students understand how knowledge is constructed and how culture and
customs play a role in its creation. Even scientists are influenced by cultural factors in
the construction of their theories. The teaching and learning processes can only be
enhanced by using one’s own cultural knowledge and perspectives in the classroom.
This mode of constructing knowledge is called accumulation.

Teachers can promote multiculturalism by presenting several examples of a newly
learned concept to show students that the concept is applicable in many different
settings. When teachers and students discuss the ways various viewpoints and cul-
tural assumptions influence the accumulation of knowledge, they develop a
multicultural perspective.

Implications for Multicultural Education

The demographics of our classrooms change so rapidly that one can no longer deny
or ignore the magnitude of problems associated with the rapidly increasing cultural
interactions in most schools. Professional development practitioners must provide
leadership and mentoring by including the principles of multicultural education in
all workshops and activities geared toward educators.
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Figure 2: Principles Reflecting the Multicultural Science Classroom
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Teacher educators and others in leadership positions can start by incorporating
the following into their own activities and schools:

¢ knowledge of represented cultures

+ strategies for allowing and even encouraging expressions of racial and cultural
identity

¢ communication in dialects that are a part of their culture, with their own rules and

patterns

instructional material that reflects differences in learning style

appreciation of cultural diversity

local minority resources

an emphasis on the contributions of minority groups

teacher participation in school system affairs, policy development, and imple-

mentation that may include multicultural issues

ethnic pluralism

teachers developing student decision making, social and political skills, and un-

derstanding of our ethnically diverse society

¢ a recommitment of all participants to the principle of expecting all students to
achieve

¢ & 6 0 o

L 2 4

Modeling, however, is not enough. Science educators can provide lesson plans geared
toward the multicultural classroom as examples upon which teachers can build. How-
ever, teachers and administrators cannot be coerced, threatened, or bribed: They must
understand and reflect on the issues. Building a multifaceted environment takes time.
True understanding of multicultural issues cannot take place in a two-hour workshop
or even a two-day intensive course. Teachers must have time to collect information;
to be exposed to creative, useful ideas; and then to analyze what they have learned.
Hands-on training following workshops or courses will assist teachers in implementing
multiculturalism in their classrooms. For example, after providing a professional
development workshop, the workshop leader might visit individual classrooms to
teach a multicultural lesson to the students. Teachers can then use this lesson as a
model for their own multicultural lesson plans. Finally, teachers need a forum that
will allow them to exchange ideas and insights with their colleagues.

A multicultural classroom will not be attained overnight. Teachers can be intro-
duced to the topic through guided readings of books and journal articles, audiotapes
and videotapes, visits to culturally diverse sites, or guided discussion groups. Once
aware, a teacher may foster understanding and transmit it into the classroom. Stu-
dents who radiate self-esteem, who are confident in their studies, and who foster the
understanding of differences will take these attitudes and “culture” with them as they
enter the work force. They not only will find it easier to accomplish their goals, but
also will likely make the workplace far more harmonious.
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Our national motto—FE Pluribus Unum—seems to be an appropriate multicultural
goal, but Unum must reflect our nation’s ethnic and cultural diversity. Sooner or
later, our classrooms will reflect this diversity, and science educators have always
been at the threshold of changes in our society. If all students are to achieve scientific
literacy, changes that reflect diversity in today’s society must occur in curricula,
teaching, and learning. Science education leaders can be very instrumental in effect-
ing these changes.
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Access: Access is defined as “The right to ...make use of.” It is also used in the
following manner: to obtain *...access to (goods or information), usually by techno-
logical means” (American Heritage Dictionary, 1993). For the purposes of this chapter,
access is seen as the means by which students are able to obtain needed current
technologies in order to learn science skills, concepts, etc.

Equiry: “Equity is qualitative and concerns issues of justice; equity may demand
inequality, i.e., being evenhanded may not always be the answer. For some groups to
have an even chance may require special efforts” (Sutton, 1991). This is in contrast
to equality, which can be defined as “Having the same quantity...” and *...being the
same for all members of a group (American Heritage Dictionary, 1993).”

Technology: Technology, as used in education, is an umbrella term combining old
technologies, including filmstrips and 8mm films, with new technologies, such as
CD-ROMs and videodiscs. To most educators today, technology means only the new
technologies, with an emphasis on computer hardware and software. For the pur-
poses of this chapter, focus is on these new technologies.

Selected Technology Access/Equity Issues

“Schools lag behind workplaces, leisure places, and other realms of life in their ac-
cess to new information technologies. Moreover, current technologies are not equi-
tably distributed among different kinds of schools, special groups of students, or
households (Secretary’s conference on educational technology, 1995).” A number of
access issues are currently being debated in today’s educational environments. Among
these is equity in terms of diverse populations. Such diverse groups include race,
culture, religion, economic status, education level, region, sex/gender, age, special
needs, and population strata (rural/suburban/urban). The finance question—given
the funding received by or awarded to a particular school system, educational de-
partment, or teacher for a specific area of study (in this case, science)}—is also im-
portant. In fact, funding is related to all of the other areas mentioned in this chapter.
Such discussion areas, with interrelated subjects, are still by no means comprehen-
sive. Surfing the Internet and searching print reference tools, as well as many other
means of information gathering, may produce any number of other ways to look at
technological equity in American schools, and each of these areas deserves attention.
Because it is impossible to cover all here, chapter focus is on a few of the more
commonly debated equity/access issues found in the educational environment today:
funding; diverse communities, including economic and geographical population ar-
eas; racial and ethnic groups: special needs populations; and sex/gender.

Funding

The idea of equal educational opportunities has been a part of the American environ
from the mid- 1800s, when early political figures, such as New York Governor DeWitt
Clinton, as well as other concerned citizens, looked to provide access to materials in
the schools, including setting special funds for materials’ provision (Bowie, 1986).
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