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About This Guide

This guide is a result of a BSCS design study, which was funded by
the National Science Foundation. We collaborated with staff from the
American Chemical Society, the American Institute of Physics, and the
American Geological Institute as well as with science educators and
teachers of integrated science from across the country to study the sta-
tus and structure of current programs in integrated science and the
potential need for others. We intend this guide to provide teachers,
schools, and districts a framework within which to think about the
process of implementing an integrated science program and to prepare
for the changes that will be a necessary part of that process. Because
any significant change can be challenging, it is important that all
stakeholders think carefully and clearly about the process before setting
out on the journey. This guide will help structure that process.

We begin in Chapter 1 with background information about integrated
science and provide a series of snapshots of what integrated science
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viii Making Sense of Integrated Science

looks like and might look like at the high school level. This chapter
also develops the rationale for offering integrated science as a coher-
ent and viable alternative course of study for high school science.
Chapter 2 examines factors that contribute to the capacity for
change as well as specific types of change that are necessary when
implementing an integrated science program. In Chapter 3, the
guide then goes on to examine many of the practical aspects of
implementing a new course of study. In this chapter, we provide
guidelines that will help teachers and schools examine closely where
they are and where they want to be. A framework for change from
the district perspective along with a detailed road map will help
schools track the priorities of each major component of the process
at each juncture.

Chapter 4 presents an opportunity for the reader to examine three
scenarios. These scenarios trace the development of three different
programs of integrated science that exist in three different parts of
the country and in three different types of districts. These scenarios
depict a range of successes and challenges and present detailed
descriptions of the impetus for change, the decision-making
process, the challenges that the schools faced, how each challenge
was addressed, and where each school is headed. These scenarios
will allow teachers and administrators to peek through the window
of another school and learn some practical, as well as philosophical,
lessons from them. At various points in the report, we present
reflective essays that address in greater depth ideas and issues related
in integrated science programs. The guide ends with a set of appen-
dices, which provide practical tools for schools and districts.

This guide outlines the initial work that any school or district would
need to undertake if it were to implement an integrated science pro-
gram. This guide is not a curriculum framework that is ready to be
put in place, and it does not make specific recommendations about
decisions of a particular school district. This guide, however, may
help schools and districts in their information gathering and
decision-making process and then provide practical guidance to
schools as they take the first steps in the process of implementing
integrated science programs.

As the integrated science field continues to evolve, feedback from
teachers and administrators is important to us. Please take a few
moments and fill out our online Evaluation Survey at www.bscs.org.
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About This Guide ix

We want to thank everyone who contributed time, ideas, and high-
quality work to this project. A study of this type is collaborative in nature
and requires a high level of commitment; we are grateful for the contribu-
tions of the advisory board members, reviewers, guest writers, production
experts, technology experts, our designer, and our editor.

THE BIOLOGICAL SCIENCES CURRICULUM STUDY
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Introduction

DEFINING THE PROBLEM: AN IMPETUS FOR
CHANGE
Following the call for reform in science education in the 1980s, which
began with A Nation at Risk (National Commission on Excellence in
Education, 1983), school districts in the country started taking a hard
look at what had been passing for science education in their schools, and
they began making commitments to do things differently. In general,
since that time, the country has seen some success in improving the
science programs of elementary schools and middle schools. Reform-
based curricula with a conceptual approach to science, based on current
research in teaching and learning, have been developed and imple-
mented. The high school community, however, generally has been
slower to shift and hesitant toward change, notwithstanding some highly
successful examples of reform here and there.

11



xii Making Sense of Integrated Science

Now, more than a decade later, we are faced with another compelling
call to action. Scientists and science educators across the country have
developed Benchmarks for Science Literacy (American Association for
the Advancement of Science [AAAS], 1993) and the National Science
Education Standards (National Research Council [NRC], 1996), both
of which clearly outline new, coherent recommendations for what
students should know and be able to do in science. Many of our
country's current science programs lack the rigor and depth necessary
to improve students' literacy in science and help them meet these
standards across the disciplines.

The results of the Third International Mathematics and Science
Study (TIMSS) indicate that high school students in the United
States significantly lag behind their counterparts in many other
countries with respect to their understanding of basic concepts in
the sciences. This research provides further evidence that our school
science programs fall short (International Association for the
Evaluation of Educational Achievement [IAEEN, 1998).

Fortunately, the impetus for change in high school science programs
appears to be mounting. This impetus has a sui generis nature from
district to district, but one of the common goals is exploring a new
direction. Teachers across the country are calling for a course of
study in the sciences at the high school level that presents a coherent
alternative to the traditional track of biology, chemistry, and physics.

In this new terrain, school communities will seek their own path.
The process of uncovering a path, finding answers, and implement-
ing change, however, is not simple or easy. BSCS has been studying
the landscape of high school science for two years, and we offer this
guide as an initial tool for schools that are considering a journey into
the world of integrated science. We think that a conceptually coher-
ent science program that integrates content knowledge across disci-
pline boundaries might provide substantive opportunities for learn-
ing for a broad range of students.

14,





CHAPTER ONE

What Is Integrated Science
and What Does It Look Like
at the High School Level?

INTEGRATED SCIENCE: WHAT IS IT?
Is there consensus about the definition of "integrated science"?
If one looks up the word integrated in the dictionary, one
finds that the word means "combining parts into a whole."
In science then, what are the parts that we might bring
together? It is quite natural to identify the parts as the sepa-
rate disciplines of science, such as earth science, life science,
and physical science. It is quite natural to consider as well
the processes of science, such as inquiry, and the contexts of
science, such as science and society and science in history. So
without too much trouble, we have an initial idea of what
parts we might bring together and what integrated science
might be. How do teachers and science educators use the
term? Do we all mean the same thing? And what does the
landscape of integrated science at the high school level look
like? How was this landscape formed? In this chapter, we will
develop answers to these questions.

BEST COPY AVAILABLE
14



2 Making Sense of Integrated Science

ADDRESSING A CONFLUENCE OF CONDITIONS
Often when educators suggest a new approach to teaching or a new
research-based idea about learning, the initial response is, "Yes, that
makes sense," or "Oh, that would be a good idea," or "I know that
would work better for my students." But often the approach is
eventually dismissed because "It takes too long," "It is too much
work," or "What I am doing works okay." A single, new idea often
is insufficient to catalyze change.

The impetus for change is more substantial, however, when there
exists a confluence of conditions. Such is the case now in science edu-
cation. The National Science Education Standards (NRC, 1996) and
Benchmarks for Science Literacy (AAAS, 1993) outline clearly what all
students should know and be able to do in science. We also know
that, based on the science classes that students currently take in high
school, most students do not meet these standards. When you add to
this mix the recent results of the Third International Mathematics
and Science Study (IAEEA, 1998), which indicate that high school
students in the United States are significantly behind their counter-
parts in other nations, the shortcomings become even more apparent.

In response to this confluence of conditions, most states are taking
action. States are increasing the number of science credits that are
required for graduation from high school. The intention of this
action is to increase all students' exposure to science and, as a conse-
quence, it is hoped, their understanding of it. In an effort to moni-
tor their students' progress in learning, states also are implementing
exams in basic literacy throughout the K-12 years and as high
school exit requirements; many of those exams include the sciences
(Council of Chief State School Officers, [ CCSSO], 1998).

The impetus for change is more substantial when
there exists a confluence of conditions. Such is the
case now in science education.

State departments of education and school districts also are develop-
ing their own sets of standards and curriculum frameworks, most of
which are modeled after Standards and Benchmarks. In 1998, forty-
one states had content standards in the sciences that were ready for
implementation (CCSSO, 1998). As districts attempt to help teachers
implement these standards, however, they are finding a paucity of
instructional materials that meet their needs. Many districts,

15



Chapter 1: What Is Integrated Science? 3

schools, and teachers have resorted to putting together their own
materials as well as using materials from a number of different
sources. The result often has been programs that lack coherence and
that have not been field tested or reviewed (BSCS survey and per-
sonal communication, 1997-2000).

Integrated science, it seems, may be one viable
alternative for meeting the science literacy needs
of a diversity of students.

The students who take earth science in middle school and then go
on to take biology, chemistry, and physics in high school are the
most likely to have the opportunity to meet all of the standards in
science and to do well on the exit exams. We know, however, that
this is a small subset of our students. What about the majority of stu-
dents who are not personally or academically inclined to complete
this sequence? Integrated science, it seems, may be one viable alterna-
tive for meeting the science literacy needs of a diversity of students.



4 Making Sense of Integrated Science

HISTORY
In response to this emerging set of conditions, BSCS began to think
about developing a high school curriculum in integrated science.
Teachers and administrators had been telling us for years that exist-
ing materials were inadequate for the large number of students who
eschewed the traditional earth science-biology-chemistry-physics
sequence. It is clear, however, that the landscape of high school sci-
ence programs includes some rough terrain. Consequently, before we
jumped into a comprehensive curriculum project, we undertook a
careful study of the landscape.

We knew from several reports that states were increasing science
requirements for graduation. Currently, forty-two states require two
or more years of science for graduation. Fifteen of those states
require three years in science, and one state requires four years (see
Figure 1.1). Seven states have increased these requirements since
1996. Other states are considering increasing their current require-
ments (CCSSO, 1998). Despite this trend, and somewhat counter-
intuitively, the number of students enrolled in the traditional science
courses does not seem to be increasing. We know that many ninth-
and tenth-grade students take biology, but in spite of the modest
increase in the past few years, the numbers still drop off significantly
in chemistry and drop off even more significantly in physics.

As we began looking for an explanation for this situation, we found
a tremendous number of different science courses that schools offer
to students. Currently, students seeking to meet their graduation
requirements through an alternative to the traditional sequence are
faced with myriad options from aerospace studies to animal behavior
(see Figure 1.2). Although these options increase the students' expo-
sure to a range of intriguing specialty topics in science, it is unlikely
that they contribute to improving students' understanding of funda-
mental concepts in the core sciences. Unfortunately, as well, many of
those courses do not align with state or national curriculum frame-
works. This patchwork nature of high school science results in cur-
ricula that are "a mile wide and an inch deep" (Schmidt, McKnight,
& Raizen, 1997) and contributes little to a student's overall science
literacy. This patchwork approach also results in courses of study
that lack coherence. The need for coherence is the topic of the first
invited essay in this guide, "Coherence in High School Science," by
F. James Rutherford.

17



Chapter 1: What Is Integrated Science? 5

STATE SCIENCE CREDIT REQUIREMENTS

FOR HIGH SCHOOL GRADUATION, 1998

States that require
three or more years
of science

Alabama
Arkansas
District of Columbia
DoDEA
Florida
Georgia
Hawaii
Kentucky

Louisiana
Maryland
Mississippi
North Carolina
Tennessee
Virginia
West Virginia
Wyoming

States that require
two years of science

Alaska New Jersey
Arizona New Mexico
California New York
Connecticut North Dakota
Delaware Oklahoma
Idaho Oregon
Indiana Rhode Island
Kansas South Carolina
Maine South Dakota
Missouri Texas

Montana Utah
Nevada Washington
New Hampshire Wisconsin

States that require
one year of science

Illinois
Ohio

States in which
requirements are
determined by
district or are under
revision

Colorado
Iowa
Massachusetts
Michigan
Minnesota
Nebraska
Pennsylvania
Vermont

Source: CCSSO, 1998.

Figure 1.1 Currently, forty-two states require two or more years of
science for graduation.



6 Making Sense of Integrated Science

-Aerospace Studies
-Anatomy and Physiology
-Animal Behavior
-AP Environmental Science
-Applied Biology/Chemistry
- Applied Earth Science
-Applied Physical Science
-Applied Physics
- Aquatic Science
- Astronomy
-Biological Agriscience
-Botany
- Chemistry/Physics Foundations
-Consumer Chemistry
-Earth Science
- Earth/Space Science
- Ecology

Environmental Systems
-FAST (Foundational Approaches
to Science Teaching)

-Fresh-Water Ecology
-General Sciences

-Genetics
-Geology
-Human Physiology
-Integrated Physics/Chemistry
-Integrated Sciences
-Life Science
-Limnology
-Marine Biology
-Meteorology
-Microbiology
-Molecular Biology
-Nuclear Radiation
-Oceanography
-Organic Chemistry
-Physical Science
-Principles of Technology
-Science and Technology
-Seminar in Science
-Space Science
-Unified Science
-Weather
-Zoology

Figure 1.2 In high schools across the country, myriad options are avail-
able in school science programs in addition to biology,
chemistry, and physics.

Together, the growing need for an alternative in school science pro-
grams and the general lack of coherence in the current offerings in
nontraditional science selections convinced BSCS of the need for a
sound integrated science curriculum that would contribute significantly
to the science literacy of a broad range of students. Integrated science
represents a viable alternative to the traditional sequence; it is not nec-
essarily better than or more effective than the traditional sequence.

BEGINNING TO DEFINE INTEGRATED SCIENCE
As we began to explore existing programs in integrated science and
to discuss what a new curriculum in integrated science might look
like, we discovered a range of ideas about exactly what integrated
science is and what such a curriculum should look like. Within the
mix of integrated science, we find the notions of coordinated sci-
ence, unified science, alternated science, and interdisciplinary studies

19



Chapter 1: What Is Integrated Science? 7

as well. For some, the term integrated science encompasses all of the
terms; for others, each term means something specific and excludes
each of the others.

The distinction that is most often articulated is the one between
integrated science and coordinated science. Ideally, in integrated sci-
ence, students explore cross-disciplinary concepts in each lesson. For
example, in a lesson about weather patterns, students might uncover
concepts in earth science (rotation of the earth and orientation of
the earth in space), concepts in physical science (convection and
flow of energy), and concepts in life science (the effect of weather on
living organisms). On the other hand, in true coordinated science,
students explore discipline-specific concepts in a layered fashion
where the students' experience is coordinated in a logical way but
there are not explicit connections between the disciplines. For exam-
ple, students might explore a concept in physical science for several
weeks before moving on to a lesson in the life sciences. Next, they
would complete a lesson in earth science before returning to explore
another set of concepts in the physical sciences. In reality, what we
find is that, in many instances, a program referred to as integrated
science is actually more coordinated in nature, and what some refer
to as coordinated, indeed, is often integrated to some extent.

Within the mix of integrated science, we find the
notions of coordinated science, unified science,
alternated science, and interdisciplinary studies.

Many teachers and science educators feel that it is not realistic to
expect that each lesson in an integrated science program would
integrate all of the sciences. They argue that often in a lesson only
two of the sciences are integrated and sometimes only one predomi-
nates. This feature, they argue, is important because in some cases
students must have a clear understanding of a basic concept in one
of the disciplines before they can explore the concept further in an
integrated context. Take the example of weather patterns again. It is
likely that students would need to complete an activity that focuses
only on the physics of energy before they explore how energy con-
tributes to various weather patterns. These teachers and science
educators argue that trying to present concepts from each of the
sciences in each lesson becomes contrived.

In this guide, we will use the term integrated science in its broadest
interpretation. Basically, if a course presents students with opportuni-
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8 Making Sense of Integrated Science

ties to uncover concepts from each of the sciences during the year in
a substantial way and to make coherent connections between them,
we will consider the course to include integrated science. Because of
the reality of the landscape, we need to recognize a continuum of
integrated science courses, both with respect to degree of integration
and with respect to the amount of time a teacher devotes to it.

Many preliminary discussions about defining integrated
science begin with the issue of content. What content is
it that we should integrate?

Some individuals use the term interdisciplinary as a synonym for
integrated. It seems more common, however, to use the term inter-
disciplinary for course work that brings together content from more
widely separated areas, such as science and social studies or science
and language arts or social studies and language arts. In this guide,
we will reserve the term interdisciplinary for cases such as these.

In the remainder of this chapter, we will continue to develop a com-
prehensive and flexible definition that should accommodate the
needs of most teachers and districts.

Many preliminary discussions about defining integrated science
begin with the issue of content. What content is it that we should
integrate? What content should we teach to students who do not
pursue the traditional earth science-biology-chemistry-physics
(EBCP) sequence? It is clear that the answer to that question is not
qualitatively different from the answer to the related question, What
content should we teach to students in the EBCP sequence? In fact,
if we believe that Standards and Benchmarks really do define scientific
literacy, then the answer to both questions is the same. Standards and
Benchmarks should define the content of any science program,
regardless of whether it is traditional or integrated in structure.

In the case of integrated science, then, we agree that Standards and
Benchmarks for grades nine through twelve represent the core scien-
tific content that all students should learn. Of course, that content
includes not only understandings and abilities related to the various
science disciplines and inquiry but also related concepts in the his-
tory and nature of science, the personal and social perspectives of
science, and science and technology.

21



Chapter 1: What Is Integrated Science? 9

From both conceptual and political standpoints, defining content in
this way offers an obvious advantage: It does not assume or require
that ability be considered when determining whether integrated sci-
ence is appropriate for a particular audience. The content itself can
be presented in more or less challenging ways regardless of whether
it is organized in the familiar sequence or as an integrated course of
study. The concept of energy flow through systems, for example, is
independent of the structure of the curriculum and of the students
in the course. Curricula can present energy flow to students in very
concrete waysby following what happens to packaging materials as
they move from the manufacturing plant to the consumer to the
landfill or recycling centeror in more abstract waysby tracing
how energy is captured from the sun and stored in the structure of
organic molecules. Thus, we can develop a curriculum in integrated
science for honors students and another for average students, just as
we have done for decades in biology, chemistry, and physics. Indeed,
Brevard County, Florida, the subject of one of the scenarios pre-
sented in Chapter 4, has done exactly that.

To successfully address the needs of a diversity of students with
respect to interest level, motivation, and ability, there must be flexi-
bility and excellence throughout the overlapping layers of the
broader system, which includes policies and philosophies at the dis-
trict level, the structure and scope of the science program, and the
fine art of teaching and assessing student learning. Each of these
areas has its own set of standards, and each represents often-
overlooked, yet critical, elements of a sound school science program.

Educators tell us that integrated science is a valuable
and viable alternative because it engages a greater
diversity of students, it reflects the unifying concepts
and principles of science, it reflects the reality of the
natural world, and it may better prepare students to
think comprehensively about an increasingly complex
world.

Our analysis of Standards suggests that a minimum of two years is
necessary to provide learning experiences that introduce the core
science content. That estimate assumes a focus on inquiry, life, earth
and space, and physical sciences and minimizes substantive exposure
to the science and technology, science in personal and social perspec-
tives, and history and nature of science standards.

22



10 Making Sense of Integrated Science

Realistically, a one-year program in integrated science is inadequate
if science literacy is the goal. Of course, one year of biology in a state
that requires only one year of science for graduation would fall hope-
lessly short of literacy as well. Two years of integrated science repre-
sents a minimum, and three or four years offers the greatest oppor-
tunity for depth of coverage in each discipline. Fortunately, states are
increasing their science requirements, as we mentioned earlier.

WHY BOTHER?
Given all that we have said up to this point, why do we think that
integrated science represents a viable alternative to the traditional
sequence and addresses many of the converging needs in school dis-
tricts across the country? From a BSCS survey that has been in cir-
culation during the past two years, we have heard from teachers and
administrators in forty-six states. These educators tell us that inte-
grated science is a valuable and viable alternative because it engages a
greater diversity of students, it reflects the unifying concepts and
principles of science, it reflects the reality of the natural world, and it
may better prepare students to think comprehensively about an
increasingly complex world (BSCS survey and personal communica-
tion, 1997-2000).

Because integrated science reflects the unifying concepts and princi-
ples of science as well as the reality of the natural world, teachers tell
us that, in their experience, this makes science seem relevant and con-
nected to the lives of a diversity of students. Problem- and project-
based approaches, for example, that blur the boundaries of the sci-
ences and allow students to investigate a range of concepts across the

Some teachers have told us that integrated science
is the only way that the majority of students will
meet these standards.

disciplines present students with a "need to know." This need to know
engages the students when it is connected to a problem that the
students find meaningful, such as Why are the fish in our pond
dying? or How can I determine what material is best for the siding on
a greenhouse? Broad themes and unifying principles also provide a
rich context and a creative learning environment. Integrated science
programs with lessons such as these tend to engage the students and
keep them motivated to learn. When students are studying the
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Figure 1.3 When students are presented with a"need to know," many
are motivated to learn.

physics, chemistry, life science, and earth science of a forest fire, for
example, there is a meaningful connection; many students will have
heard about specific fires; others may have been evacuated from an
area because of the threat of a spreading fire; a few may have experi-
enced firsthand the effects of a forest fire. Forest fires represent a real-
ity to which many students will have a personal connection.

Because all students are not equally engaged by science for science'
sake, integrated science, which seems relevant and connected to real
experiences in their lives, may be a more effective way to teach a
diversity of students. Regardless of whether students are in a tradi-
tional sequence or an integrated sequence, as they are presented with
in-depth opportunities to explore cross-discipline concepts and solve
cross-discipline problems, it is likely that they will be better prepared
as science-literate citizens to interact and participate more fully in a
complex world.

It is clear that states and districts are developing their own set of
standards and curriculum frameworks, many of which are modeled
after Standards and Benchmarks. In 1998, forty-one states had con-
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tent standards in the sciences that were ready for implementation
(CCSSO, 1998). As districts attempt to help teachers implement
these standards, however, they are finding a paucity of instructional
materials that meet their needs and help students meet their state
standards in two or three years. Some teachers have told us that inte-
grated science is the only way that the majority of students will meet
these standards. Consequently, states such as West Virginia are man-
dating that integrated science be taught at grades nine and ten
(BSCS survey and personal communication, 1997-2000).

States and districts also are implementing statewide assessments
throughout high school and as high school exit exams. Twenty-two
states currently have exit exams that test students in a set of core
content; eight more are in the process of developing such assess-
ments. In all such states, these exams include the basic skills of lan-
guage and math; in an increasing number of states, these exams
include the sciences (CCSSO, 1998). Again, many teachers suggest
that integrated science courses are the only viable alternative for
helping students attain a degree of science literacy across the disci-
plines and be successful on the increasing number of statewide
assessments in science.

Because integrated science courses may offer students these impor-
tant opportunities, it seems likely that school districts should at least
investigate the possibility of offering integrated science as an alterna-
tive course of study.

COMPLETING THE DEFINITION: MODELS,
VEHICLES, AND GRAIN SIZE OF INTEGRATION
Experiences in integrated science can take on many shapes by mak-
ing use of a range of different vehicles of integration and by being
developed for a range of grain sizes. As a result of this mix, we have
developed six major models of instruction. It is possible to view
these models along a continuum, and each model may have several
variations. For example, in one model, students might experience a
single activity that integrates two or three of the science disciplines
and takes up only one or two class periods. In another model, stu-
dents might experience a multiyear program that integrates all of the
major disciplines of science in an ongoing experience.
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SIX MODELS

I . The first model is a traditional sequence of earth science, biol-
ogy, chemistry, and physics, with no conceptual connections
among the sciences. This model includes no integrated content.

I I . A . One variation of the second model is the traditional,
discipline-based sequence with some conceptual connec-
tions within each discipline. This model includes no inte-
grated content.

B . Another variation of the second model is the traditional,
discipline-based sequence with some conceptual connec-
tions between the disciplines.

In biology, when students investigate photosynthesis, they also
study the chemistry involved as plants convert light energy to
chemical energy, which is then available to the plant for
growth and reproduction.

III .The third model is a coordinated program with each discipline
being taught each year (perhaps grades nine through eleven).
This is basically the Scope, Sequence, and Coordination model
(NSTA, 1996). Several variations are possible here, some with
equal emphasis given to each science and some with certain
sciences predominating at specific points.

Scope, Sequence, and Coordination provides microunits that
align with specific content categories, which some teachers then
map to their state standards or national standards. These
microunits (for example, "Neurons and the Nervous System,"
`Animal Behavior," 'Density of Rocks, " and "Physical Properties of

Matter') provide specific lessons with specific foci and can be
taught in any order.

IV. The fourth model is a disciplined-based or coordinated pro-
gram for most of each year of a three- or four-year program,
with one integrated science unit at some point during the year,
perhaps an initial or a final unit.

Following three units of biology, students might investigate natural
disasters that occur on earth and during their investigation learn
about important, related concepts in the physical and earth sciences.

26
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V . The fifth is a model that includes a full year of integrated sci-
ence at ninth grade followed by the traditional, discipline-
based sequence for grades ten through twelve. Another version
of this model might be the traditional sequence for grades nine
through eleven and a capstone course at twelfth grade.

In Utah, many districts require an earth systems course fir ninth graders.

Within this context, students explore concepts in the earth sciences (how the

earth and our solar system were firmed and continue to evolve), sciences

(how form on earth adapt to their environment), and physical sciences

(how convection and the Coriolis diet account for weather patterns on

earth). (See the Utah Scenario in Chapter 4.)

VI . The sixth model includes two, three, or four years of a full
integrated science program.

Brevard County, Florida, developed its three-year integrated science

course for high school around eight strands that were articulated by the

Florida Science Curriculum Framework: The Nature ofMatter;
Energy; Force and Motion; Processes That Shape the Earth; Earth in
Space; Processes of Lift; How Living Things Interact with Their

Environment; and the Nature of Science. (See the Florida Scenario
and the California Scenario in Chapter 4.)

Each of the six models represents a different pathway through sci-
ence teaching and learning. A school district would need to discuss
all aspects of each model thoroughly and then determine which best
matches its goals for students with respect to what it wants its stu-
dents to know and be able to do in science. For example, a school
district might ask itself the following questions: What represents
excellence for us? What will offer us the most coherence in our sci-
ence program? What are the advantages and disadvantages of each
model with respect to the students and learning, the teachers and
teaching, the science disciplines, and assessment? and What are the
implications of our decision?

WHAT DO WE MEAN BY A VEHICLE FOR
INTEGRATION?
Curriculum developers use a variety of approaches, perspectives, or
themes to increase students' interest in science, to carry a message
that has social or historical importance, or to provide an intellectual
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and scholarly coherence to a body of work. Developers refer to these
approaches, perspectives, or themes collectively as vehicles. Active
Physics, for example, uses as a vehicle a series of relevant challenges
that require students to draw conclusions from experiments in
sports, medicine, transportation, or other integrating topics. BSCS
has used integrating themes as a vehicle for more than forty years in
its high school biology texts An Ecological Approach (Green Version),
A Molecular Approach (Blue Version), and more recently, A Human
Approach (Human Version). BSCS also has developed comprehen-
sive, thematic-based integrated science texts at the elementary and
middle school level.

Broadly speaking, vehicles for integration may include a variety of
themescontent themes such as energy or systems, process themes
such as inquiry or the nature of science, and issues such as science-
technology-society (STS) topics. Vehicles also include project- and
problem-based approaches and research initiatives at the local,
national, or global level, as shown in Figure 1.4.

POSSIBLE VEHICLES

Vehicle

FOR INTEGRATING THE SCIENCES

Example

Broad-based themes patterns, systems, evolution

Science-technology-
society issues

pollution, transportation, energy
use

Process themes inquiry, nature of science

Topics wildfires, earthquakes, proper-
ties of materials

Projects building an effective green-
house

Research initiatives local issues such as "Why are
the fish dying in our lake?"

Figure 1.4 A variety of vehicles for integrating the content are possible.
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WHAT DO WE MEAN BY GRAIN SIZE?
When considering the possible ways in which to construct an inte-
grated science curriculum, one can imagine a range of time frames.
Edmund Burke's Connections series on television thoroughly presents
integrated science and technology in self-contained, one-hour seg-
ments, which might be the equivalent of a single classroom lesson.
This is an example of a small grain size. At the other end of the con-
tinuum, one can imagine integrating a student's entire high school
science experience during a three-year sequence using a spiraling
thematic approach to science content and process. This would be an
example of a large grain size. In between, teachers can integrate sci-
ence content across a week, a multiweek unit, or a full quarter or
semester, with the remaining time devoted to more traditionally
organized content. With respect to grain size, Models IIB-VI
described earlier are generally organized from a small grain size to a
large grain size.

In general, when planning for an integrated science experience of a
particular grain size, either small or large, school districts and
teachers might want to consider a range of vehicles. To demonstrate
the flexibility of a particular vehicle of integration with respect to
grain size, it might be useful to consider one vehicle, such as issues
in science-technology-society and examine the possibilities in a
range of grain sizes (see Figure 1.5).

For an example of Model IIB, a teacher in an earth science class
might end a unit on the behavior of matter within the earth with a
lesson on recycling. In this lesson, the teacher might use this STS
issue to bring together concepts from earth science (cycles of matter)
and life science (the effects of certain materials on living organisms)
and then examine how we can recycle materials safely. In Model IV,
another earth science teacher might design an entire unit on recycling
that gives the students the opportunity to explore related concepts in
the earth and life sciences as well as to investigate concepts from the
physical sciences such as tracing the flow of energy and the chemical
breakdown of matter.

In another school, a teacher teaching a year-long integrated science
course (Model VI) might design a series of units using several differ-
ent STS issues such as global warming, natural disasters, sustainabil-
ity, and world population. In another district, teachers might use
similar STS issues to develop a two- or three-year program in
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Small Grain Size

//r---------- The
Science

of Recycling

One Integrated
Science Lesson

(7...............-.....a----The Flow of
Energy in
Recycling

How
Matter

on Earth
Cycles

How
Certain

Materials Affect
Life on Earth

One integrated Science Unit

Global
Warming

Recycling
The

World
of Work

Transportation
the in

Are We Alone
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Future Universe?

World
Population

One -Yeas integrated
Science Course

41 Large Grain Size

Figure 1.5 A particular vehicle for integration may be flexible in ad,
ing to a range of grain sizes.
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integrated science. Some science educators feel that certain vehicles
such as STS may be better suited for a particular grain size. For
example, a vehicle such as inquiry may have a greater carrying capac-
ity for integrating the science content than others. This notion of
carrying capacity would be important to consider, especially for a
multiyear program.

Scientific ideas presented without conceptual
coherence have little chance of enduring in the
minds of many students.

It is also important for school districts to realize that the choice of a
particular vehicle of integration and grain size will have curriculum-
design implications. Suppose, for example, that a district decides to
design a two-year integrated curriculum using themes such as sys-
tems and change as the vehicle. In order to build such a curriculum,
the district must engage in extensive planning, collaboration, and a
study of middle school-high school curriculum articulation. For
example, a district team would need to plan how students' experi-
ence with systems and change in year two will build on their experi-
ences from year one and how year one will build on what the stu-
dents studied in middle school. Obviously, this would require greater
collaboration between teachers and administrators than would a sin-
gle unit that used a problem-based learning vehicle.

Another fundamental consideration when developing any inte-
grated science curriculum is whether the content is conceptually
coherent. If big ideas do not connect logically and obviously, then
student learning is uncertain and tentative. Lacking power, scien-
tific ideas presented without conceptual coherence have little
chance of enduring in the minds of many students. This aspect of
the integrated science landscape is explored in the following essay.
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COHERENCE IN HIGH

SCHOOL SCIENCE

BY F. JAMES RUTHERFORD

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE

Coherence, it appears, is held in high esteem. Its presence in most objects,
activities, processes, organizations, and systems is applauded, its absence
deplored. In general, the notion of coherence itself is simple enough. It has
to do with relationships. Things are coherent if their constituent parts con-
nect to one another logically, historically, geographically, physically, mathe-
matically, or in some other way to form a unified whole. Coherence calls for
the whole of something to make good sense in the light of its parts, and the
parts in the light of the whole.

Fair enough. But difficulties show up when one tries to apply the general
idea of coherence to particular entities or domains. Picasso's Guernica,
Shakespeare's Hamlet, the United States Congress, highway systems, newspa-
pers, farms, clocks, space missions, department storesin each, purposes,
constraints, understandings, traditions, and values shape how the idea of
coherence is put to work. In a word, coherence is extremely contextual.
Here, the context is high school science, more specifically the conceptual
coherence of high school science courses that feature integrated content.

COHERENCE, TEACHERS, AND DEVELOPERS
One might, of course, wonder about the importance of coherence in high
school science courses, for in truth there is little empirical evidence to back
up the conviction that it much matters. But if coherence is taken to mean
simply that the parts of a course come together to form a conceptual
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wholein contrast to a collection of indistinctly related topics, concepts,
and factsthen few of us would argue against it, and most would take it to
be a necessary attribute of good high school science courses. The value of
coherence in high school science is not at issue, it would seem, at least not
in principle. But its relative absence is.

Teachers and publishers may both say that coherence is important, yet the
most widely used high school science textbooks are not notable for their
coherence. It is, of course, not uncommon in educational affairs for a sub-
stantial gap to exist between proclaimed principles and actual practices, but
why would it be so with regard to coherence? It would, after all, not seem to
be all that elusive a target. Perhaps we are confronted here with the classic
chicken-egg situation: Teachers do not select coherent textbooks because
publishers do not make them available; publishers do not create coherent
textbooks because teachers do not demand them.

Assuming that commercial publishers will ultimately produce the kinds of
materials that will sell welldemand preceding supplyan essential step in
narrowing the coherence gap is to foster teacher demand. It is not enough
that adoption committees admire coherence; they must be able to recognize
its presence and to compare competing textbooks with regard to it. And
then they must give it a high priority in making a final decision, picking the
textbook, other things being reasonably equal, that is the most coherent
(even if none are admirably so).

But there is a hitch. It is that little guidance is available for science teachers
on what specifically to look for with regard to coherence, or for publishers on
what properties to build into their textbooks in order to make them coherent.
There are, however, some examples to draw ideas from, including most of the
high school science courses created in the sputnik era of school reform, and a
few more recent ones. The suggestions put forward below are influenced by
Project Physics (Holton, Rutherford, and Watson, 1970), which from the out-
set had conceptual coherence as a major aim, and also by the current work of
Project 2061 on how to analyze curriculum materials (soon to be published
in Resources for Science Literacy: Curriculum Materials Evaluation, American
Association for the Advancement of Science [AAAS], in press).

COHERENCE, COURSES, AND TEXTBOOKS
If coherence in high school science courses is a desirable property, then one
can reasonably argue that it should be present at every level of content
organization: lessons, units, courses, sequences of courses, and entire curric-
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ula. Thus, the topics and activities making up a science lesson or chapter
ought to connect with one another to tell a (very limited) story, with, as it
were, a discernable beginning, middle, and end. Similarly, the lessons or
chapters making up a science unit should connect one another in interesting
ways to tell a complete (but still limited) story, and units should connect
with one another in interesting ways to tell a more comprehensive story.
Notice that two conditions must prevail at each level of organization: All of
the parts forming a unit or course must be coherent, and all of those parts
must join together to form a conceptual whole.

This line of reasoning suggests that the course is the most effective starting
place for estimating the coherence of high school science programs or for
developing new ones. First one asks, what story is the science course claiming
to tell (or, if being developed, intends to tell) about the natural world, or
some important aspect of it, about science itself, and about the connection
between them? Then, do the units composing the course actually tell that
story, or, in the case of courses in development, what collection of coherent
units should be created and connected to tell that story effectively? One can-
not expect to create a coherent course simply by selecting units (even coher-
ent ones) from a large set of units and introducing them in any order.

When going up the scale to more encompassing levels of content organiza-
tioncourse sequences and entire curriculaachieving coherence becomes
increasingly problematic. The idea is sound enough, but practical difficulties
abound. Even so, proponents of course sequences should be expected to
articulate what unifies the courses and to identify the main conceptual and
developmental links among the courses. Designing an entire core curriculum
is vastly more complicated still. For an extended discussion of what is
involved, see Designs for Science Literacy, a new publication of Project 2061
(AAAS, 1999).

Assuming that, in the context of high school science, the course is the start-
ing place of choice for evaluation or development purposes, the question of
what constitutes a given course arises. For most purposes, including develop-
ing coherent courses and evaluating the degree of coherence of existing
courses, the textbook (which here is always taken to include its accompany-
ing teacher guide or handbook) is the most accurate and complete proxy.
While it is true that some high school teachers place little or no reliance on
textbooks, that surely is not the usual case. For all intents and purposes, and
for the foreseeable future, the textbook is the courseor at least its most
observable and consistent manifestation.
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Unfortunately, that is not terribly reassuring, given that today's popular high
school science textbooks are noted more for their gargantuan size than for
their intellectual coherence (among their other prevalent but needless faults).
All too often, high school science textbooks tell a muddled story, if any
story at all, its chapters, however well written individually, and its topics,
however numerous, not adding up to a unified, compelling whole. The
reasons for this are well understood, but not easily corrected, as Harriet
Tyson (1988) has so clearly described in A Conspiracy of Good Intentions:
America's Textbook Fiasco. Perhaps the greatest enemy of coherence in high
school science textbooks is inclusivenessthe fear of leaving anything out.
The texts are mindlessly overstuffed with topics, facts, principles, illustra-
tions, quizzes, and terminology, smothering any possible thematic unity. In
this, they are unlike good science trade books, such as those identified for
teachers in Resources for Science Literacy: Professional Development (AAAS,
1997). In any case, a coherent high school science textbook will be modest
in size, limited in content, and tell a compelling story about the scientific
view of the natural world.

COHERENCE IN PERSPECTIVE
Nothing said so far should be taken to suggest that coherence is the be all
and end all of good high school science. Coherence is but one property of
good course content and does not address the equally important pedagogi-
cal attributes of a good course. In developing a method for evaluating
instructional materials and creating a database of reviewed materials, Project
2061 took both content and instruction into account, as did the Office of
Educational Research and Improvement of the U.S. Office of Education in
identifying promising and exemplary materials for science and mathematics
courses. The two approaches, though somewhat different in organization
and language, are pretty much in accord.

A modern course should be designed to target a set
of explicit learning goals decided on in advance.

As proposed in Resources for Science Literacy: Curriculum Materials
Evaluation, the content of science courses should have four properties. First,
it should be significant. It is not reasonable to expect students to learn all of
the facts, concepts, and principles in the world of science or to become
knowledgeable about all of the topics to which science relates. Choices have
to be made, and those choices should favor the content that will best serve
students for a lifetime in the real world of ideas and action. And of course,
the content should be accurate. Errors of fact and wrong or misleading pre-
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sentations of laws, principles, and concepts have no place in science
coursesthough leavened, of course, by the realization that the expression
of content needs to be age appropriate. Third, content should be aligned
with desired or declared learning goals. Developers often claim this for their
products these days, but actually honor it more in rhetoric than in practice.
And then there is coherence.

MANIFESTATIONS OF CONCEPTUAL COHERENCE
Making the claim of coherence is as easy as it is common. But what kind of
detectable evidence would the skepticor alert textbook selection commit-
teelook for to test the claim? Or, to move to the supply side of the street,
what would developers build into their courses if they wanted to validate their
claims? Consider the following:

A modern course should be designed to target a set of explicit learning goals
decided on in advance. In order for the course to be coherent, so should its
goals. Fortunately, in science, resources exist making it easy for both teachers
and developers to identify a body of coherent learning goals. These are found
in the content standards portion of the National Science Education Standards
(National Research Council [NRC], 1996) and in Benchmarks for Science
Literacy (AAAS, 1993). The latter was derived directly from Science for All
Americans (AAAS, 1989), and hence it is possible to see how the individual
benchmarks join to form a larger and more coherent whole.

A coherent course tells a storyor, more likely, many interconnected stories
within a grand storyabout some important aspects of the natural world
and science, or it should. This is to say that a high school science textbook
should be of a piece conceptually, and so should the chapters or other major
parts making up the whole. Furthermore, just as in the plot of a good novel,
the science story should be progressive, steadily building toward an increas-
ingly rich landscape of understanding. This positionthat for courses to be
coherent, the ideas and skills in them must be interconnected and progres-
siveis emphasized in A Guide for Designing Coherent Curriculum Programs
in Mathematics and Science, a recent report of the National Research Council,
and in various of the Third International Mathematics and Science Study
(TIMSS) reports (IAEEA, 1998).

Another property to look for (or to build in) is the presence or absence of
themes that run through the entire course, illustrating what is common
among what otherwise might appear to be quite separate chapters and units.
The themes can be ideas about nature (conservation, say, or evolution); the
nature of science (that science is a blend of logic and imagination, perhaps,
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or that scientific knowledge is durable though subject to change); the history
of science (dependence of scientific advances by one person or group on the
work of others in other places and other times, the inevitability of unex-
pected applications); the impact of science (human health, the environment,
warfare); the interactions with other domains (mathematics, technology, his-
tory, literature, art); scientific ways of thinking and doing (quantitative rea-
soning, hypothesis testing); and any number of other possibilities.

As one examines the smaller components of a high school science textbook
(chapters, individual topics, ideas, and so on), the connections among them
take on importance. For instance, every major concept that appears needs to
be linked logically to the evidence supporting it and conceptually to related
concepts. When principles are adduced, they should be illustrated with a
variety of applications in separate locations in the book, not simply once
when introduced. Not everything in a coherent course needs to be related to
everything else in it, but there should be few isolated pieces of content to be
found. The growth-of-understanding maps in the Atlas ofScience Literacy
(AAAS, in press) offers examples of some interesting conceptual connections
across grade spans.

COHERENCE AND INTEGRATED CURRICULA
Integrated courses are not automatically interesting or relevant or under-
standable, and certainly not intrinsically coherent. They have to be made so,
just as do discipline-centered courses. In fact, when it comes to coherence,
the latter have a leg up. As put in Designs for Science Literacy (AAAS, 1999):

Although many kinds of coherence are possible, traditionally
coherence is assumed to reside naturally in the college disci-
plines. Since each of the disciplines at any time more or less
defines a body of knowledge and its organization, language, and
practices, the disciplines themselves seem to provide a ready-
made framework for creating a coherent curriculum. The
prominence of biology, chemistry, and physics in the science
curriculum reflects this premise, as do arithmetic, algebra, and
geometry in the mathematics curriculum.

In principle, if not always in fact, a discipline-based high school
science course gives primacy to the knowledge, methods, structure, language,
and applications of a discipline, or significant parts of a discipline, and
reflects the coherence of that discipline. By way of contrast, the content of
integrated courses is selected and limited and perhaps justified by themes,
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social or environmental issues, phenomena, problem solving, or other nondis-
ciplinary organizers, or by some combination of disciplines, and can be quite
idiosyncratic. In essence, integrated courses have no ready-made framework
for creating coherence, and so it must deliberately be built into them.

Discipline-based high school science courses may have a conceptual head
start with regard to coherence, but an examination of textbooks quickly
makes it clear that few of them are in fact impressively coherent. They con-
tain the words but not the music. Perhaps designers of discipline-based
courses assumequite mistakenlythat the intrinsic coherence of the disci-
pline will automatically appear along with the borrowed content, and conse-
quently invest little thought in creating the interconnections, themes, and
story lines that are essential for coherence. But as just noted, designers of
integrated courses can be under no such illusion.

And that is good news. It alerts developers of integrated courses that if they
want coherence, they will have to create it. Simply characterizing the disci-
plines as being too compartmentalized, abstract, and remote from the inter-
ests and concerns of most people to serve as a framework for organizing
content, and claiming the greater relevance of integrated courses for most
students, will not get the coherence job done. The challenge depends to
some extent on what approach is being taken to content integration.

Coherence will not be served by inserting
little nuggets of science content here and
there, for the science must be integral with
and woven into the story being told.

If what is intended is the creation a course that connects two or more
sciences, as in interdisciplinary courses, the challenge is not to mistake
patchwork for coherence. A little physics followed by a little chemistry fol-
lowed by a little biology, for example, does not necessarily tell a story, or
even three little stories. For coherence to prevail, the physics, chemistry, and
biology must be woven into a discernable whole that draws on but tran-
scends the coherence that characterizes each of the individual disciplines.

If the intention is to create a course in which something other than science
itself is in the foregroundsay problem solving or environmental issues
the challenge is to make sure that the science itself does not get lost in the
shuffle. A science course can be coherent only if the science is there, and not
merely in some offhand or emaciated way. Moreover, coherence will not be
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served by inserting little nuggets of science content here and there, for the
science must be integral with and woven into the story being told.

A new generation of high school science courses is needed that feature both
integrated content and conceptual coherence. Once some exist and gain
adoptions, careful assessments can determine if in fact better learning
occursbetter than in discipline-based courses or than in integrated courses
lacking coherence. But of course, the proper measure of "better" is what stu-
dents learn. Thus, to emphasize a point made earlier, the first and most fun-
damental step in creating new high school science courses, whether discipline-
based or integratedis to identify a coherent set of explicit learning goals to
be targeted. After that, the challenge is for developers to create integrated
courses that result in the attainment of those learning goals. The courses
themselves should be no less coherent than the goals they claim to serve.
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CHAPTER Two

Thinking about Change:
What Will It Take to
Implement an Integrated
Science Program?

In this chapter, we will explore various aspects of schools that
influence their capacity for change. In particular, we will con-
sider how the culture of a school influences change. We also
will explore the specific changes that are necessary when intro-
ducing an integrated science program as well as the specific
factors that can limit a school's ability to make and sustain
such a change. The two invited essays in this chapter address
two major issues related to the introduction of an integrated
science program: professional development and assessment.

THE CULTURE OF HIGH SCHOOLS
If you have had the opportunity to spend much time in
other high schools in addition to your own, on the surface
many aspects appear similarstudents, teachers, classrooms,
hallways, lockers, bells, morning announcements. Under-
neath these shared features, however, is a culture and a pre-
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vailing climate, which may be distinctively different from school to
school and region to region. The subtleties of this culture are not
always apparent or likely to surface during a cursory visit. But if you
spend a week, talk with students and teachers, attend classes, engage
in discussions in the faculty lounge, and attend a school board
meeting, you may have a better feeling for the culture of the place
and the current climate. The culture and the climate of a school will
have a tremendous effect on the degree of success that a school
might experience with a significant change such as the implementa-
tion of an integrated science program.

One way to gauge a school's likelihood for success with change is to
look at its overall characteristics. John Goodlad (1994) describes
seven underlying characteristics of good schoolsintrinsic character-
istics not academic ones. Assessing your school with respect to these
characteristics may provide a broad picture of the culture and cli-
mate of your school, and thus help you gauge its capacity for
change. We first present Goodlad's characteristic and then a related
question you might ask about your school and district.
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1. A good school is good in virtually all respects.

How do the teachers, students, administrators, and parents char-
acterize your school?

2. Good schools tend to enjoy district support, and conditions
of the school district itself impinge upon the quality of indi-
vidual schools.

How does the district characterize and support your school? How
do you characterize your district?

3. A good school is self-conscious of its culture.

How aware of the school's traditions and character are the vari-
ous stakeholders?

4. A good school takes care of business. Processes of dialogue,
decision making, taking action, and evaluating these actions
are built into the culture.

How effectively does your school community take care of the
business of dialogue, decision making, taking action, and evalu-
ating its progress?

5. A good school seems to have come to terms with external
standards by developing an internal sense of its educational
role and the importance of academic work.

How does your school deal with external standards from the
larger community? What is your school's internal sense of its edu-
cational role and the value of academic work?

6. A good school is characterized by an array of positive human
connections.

How would you characterize the quality of human connections
and relationships within your schoolteachers to students,
teachers to teachers, students to students, administrators to
teachers, and administrators to students?

7. A good school is connected to homes and parents in positive
ways.

How would you characterize the quality of the connections
between your school and homes and parents?
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If your school embodies most of these characteristics, it is likely that
your school would have a high capacity for change. If, on the other
hand, your school embodies only a few of these characteristics,
change is likely to be more challenging.

SCHOOLS AS CULTURAL SYSTEMS
It is helpful to view schools not just as a set of characteristics, but as
cultural systems. As such, these systems are made up of a network of
important relationships among teachers, students, administrators, and
the greater school community. The health of these relationships
within the system determines the overall health of the system and
consequently its capacity for change. Will this cultural system and
these relationships support changeis it a system where the relation-
ships are open, supportive, and responsive? Or will this cultural sys-
tem make change difficultis it a system where the relationships are
ill-defined and tenuous? Is the climate a relatively positive one, with
satisfied teachers, students, and parents? Has the school or district had
recent successes or a string of failures? Is there a sense of pressure or of
collective purpose?

The culture and the climate of a school will
have a tremendous effect on the degree of
success that a school might experience with a
significant change such as the implementation
of an integrated science program.

The salient relationships in a school system include those of the
teachers with students, students with other students, teachers with
other teachers, teachers with administrators, and students with ideas.
A school system also comprises a set of processesthose of policy
making; the day-to-day formalities and the day-to-day informalities;
the process of celebrating successes and of addressing problems; the
process of honoring students and teachers; the process of honoring
traditions that sustain the health of the system and that of changing
traditions that no longer support the system. Taken together, the
salient relationships and processes contribute to the cultural system
of a school.

Too often, even though we may use the word system to describe a
school, in reality, we view it not as a dynamic, living system, but as
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a machine system with interchangeable parts. It is not surprising
then that some feel you can make changes by changing the parts.
Meaningful change, however, does not usually occur by changing the
parts, but rather by making changes in the nature of the relation-
ships and the processes within the system. Successful change is most
likely to occur by introducing the change within the context of the
relationships and processes. Because relationships and processes form
an intricate web, the effect of a change in one part of a living system
has an effect on relationships and processes throughout the system.
The level of resolution has an important effect on the success of the
change too. If the proposed change seems to be valuable only at one
level of resolution (for example, at the level of the school but not at
the level of the teacher or student) then wholehearted buy-in to the
change is less likely. It is critical when considering a change such as
the implementation of an integrated science program to look at what
it offers to relationships throughout the system, at all levels.

Even though we may use the word system to
describe a school, in reality, we view it not as
a dynamic, living system, but as a machine
system with interchangeable parts.

A larger issue that also impinges on the cultural system of a school
is the prevailing nature and current reality of school reform at the
policy level. Although we will not address this policy level in-depth,
it is critical to realize that conflict and contradictions at the policy
level trickle down to relationships and processes at the level of the
school and affect the culture and climate. Although the education
community speaks of systemic reform and holds it in high esteem,
many such reform efforts eventually translate into linear, task-
oriented approaches that lose sight of the systemof the interre-
lated webbing of relationships and processes. Linda Darling-
Hammond (1993) suggests that currently there are two contradic-
tory theories of school reformone that focuses on outlining
broad, sound educational goals and finding direct, efficient ways of
meeting them and another that focuses on capacity building in
teachers and administrators to increase participation more broadly
in inquiry-oriented, collaborative organizations. Conflict between
such theories at the policy level creates tension and uncertainty at
the level of the school. And, as John Goodlad (1994) points out, it
is difficult for schools to create positive changes when the funda-
mental prerequisites for such change are not in the school's control.
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CHANGE REQUIRES PARTICIPANTS AND
PARTICIPATION
An important observation about systems and change, which comes
from the natural sciences, is that systems often change as a way of
preserving themselves. When applying this observation to a system
such as a school and a change such as the introduction of an inte-
grated science program, we see the potential dilemma. If the partici-
pants in the system do not see the necessity of change for the sake
of their own preservation, they are not likely to be engaged in the
change and the change is not likely to be sustained: Change
requires participants and participation.

In addition, change is more likely to be successful if the proposed
change helps the people within the system become more of who they
are and embody more of what they feel is meaningful. In this way,
change happens from within the system. Change that is forced on a
system from the outside, and that may not seem meaningful to the
individual participants, is less likely to be sustained. State mandates
and sweeping, district-level decisions may fit this category.
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Teachers are natural agents of change because of their position in the
heart of the system and their level of autonomy in the classroom.
Within limits, teachers can be catalysts of significant changes that
begin in their classroom. A classroom provides a realistic testing
ground for new ideas. When ideas are successful, teachers can refine
them, expand them to other classrooms, and take them to the
administration for broader support (see the California Scenario in
Chapter 4). Within a district or region, we see pockets of highly suc-
cessful integrated science programs for reasons such as these.

If a particular school has a principal with a high interest in integrated
science, he or she is likely to hire teachers who do also. Innovative
schools and principals build on their reputations and attract other
participants who are of like minds. If some of the current teachers at
the school have less interest in integrated science, they likely will

Teachers are natural agents of change because
of their position in the heart of the system and
their level of autonomy in the classroom.

leave to find a school where the approach to science is more tradi-
tional. It is also true that principals who are less interested in change
often surround themselves with teachers of like minds, so that the
status quo is more likely to continue. Such schools still may be good
schools in many respects, but are not likely to have a very high
capacity for change. The opposite scenario happens as well. If a par-
ticular teacher is interested in participating in innovative changes
such as an integrated science program, but finds him- or herself in a
very traditional school environment, that teacher is likely to seek out
a new school setting that matches his or her own goals.

FACTORS THAT LIMIT CHANGE WHEN
INTRODUCING INTEGRATED SCIENCE PROGRAMS
When considering the introduction of an integrated science pro-
gram, the relationship we are most concerned with is the relation-
ship between the student and the science content. Schools that are
planning such a change usually are doing so because the teachers and
administrators think that integrated science may be an effective way
to engage more students in science and strengthen their relationship
with the science content. With this in mind, then, it is important to
examine how schools and districts can best support the teachers in
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this process. It seems especially critical to support the teachers' rela-
tionships with valuable resources such as time, money, supplies, cur-
riculum materials, and professional development opportunities.

Time is one of the most critical resources for all professionals, and
teachers are no exception. Teachers ask, "Where will I find the time
to do all the work that is required when implementing an integrated
science program?" Teachers who are successful with change generally
are extremely self-motivated and are willing to put in the extra hours
that are needed. For others teachers, the motivation is strong, but
additional incentives help. When administrators recognize the
teachers' reality and support teachers as they work to introduce inte-
grated science, this support is felt throughout the system. When
principals provide more release time for course work at a nearby col-
lege or university and when principals further accommodate teachers
by suspending some of their other time-intensive duties, teachers are
more motivated to participate fully in the change.

Closely related to time is the issue of scheduling. When principals
are able to create a positive environment and accommodate the need
for collaboration among teachers, this infuses the system with posi-
tive energy. Specific support, such as an extra planning period, joint
planning periods with other teachers, or block scheduling that allows
for longer science classes, contributes to the experience of integrated
science. Teachers recognize and value these concrete gestures of sup-

STUDENTS' RELATIONSHIP WITH SCIENCE CONTENT

time and
scheduling

t
work together to

support
-w

/ N
professional

development

supplies and
curriculum
materials

money

Figure 2.1 The students' relationship with science content is supported
by the teachers' relationship with time, professional devel-
opment opportunities, money, and curriculum materials.
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port. Such actions not only eliminate hurdles, but provide incentives
and scaffolding for the success of the program.

Money is often the flip side of time. Funds always are important at
the beginning of any major change in a school science program,
especially those that require additional schooling for teachers, new
curriculum materials, new supplies, and other professional develop-
ment opportunities. It is most helpful if districts and principals are
active in pursuing funding well in advance of the implementation so
that teachers can prepare academically and pedagogically for the
change in a reasonable time line. In some districts, special funds are
budgeted for such implementation efforts. In many districts, Title II
funds can be used to support a range of professional development
activities. Districts also should plan to submit proposals to a number
of federal and state agencies involved in education as well as to local
industries as a way of obtaining additional funding and training.
District personnel also should develop effective working relation-
ships with local institutes such as colleges and universities.

When administrators recognize the teachers'
reality and support teachers as they work to
introduce integrated science, this support is
felt throughout the system.

In addition to the obvious need for strengthening teachers' science
content knowledge in the disciplines outside of their major field,
other areas of professional development that are important to inte-
grated science programs include in-depth training in the use of inno-
vative curriculum materials, experience with instructional strategies
such as team teaching, a focus on inquiry, investigating local issues,
and assessment strategies. Attending to these important concerns of
teachers is likely, in turn, to have a positive effect on the students'
relationship with the science content.

Many issues about change and professional development related to
integrated science are addressed in the essay by Rodger Bybee and
Susan Loucks-Horsley, which follows this section. Integrated science
also presents challenges with respect to assessment strategies. If we
are changing our approach to instruction, we also must change our
approach to assessmentthat is, our approach to assessment must
align with our approach to instruction. How, then, will we assess
learning in integrated science? This is the topic of the final essay in
Chapter 2.
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SUPPORTING CHANGE THROUGH

PROFESSIONAL DEVELOPMENT

INVITED ESSAY BY

RODGER W. BYBEE

SUSAN LOUCKS-HORSLEY

BIOLOGICAL SCIENCES CURRICULUM STUDY

FACILITATING CHANGE
Implementing an integrated science curriculum requires change for teachers:
change in knowledge, skills, attitudes, and teaching strategies. It also requires
change in school structures, norms, and relationships. Change is not easy, so
knowing something about the change process can help those who work with
teachers (for example, administrators and coordinators) to learn, use, adapt,
and incorporate the new curriculum into their teaching. Effective change
requires determining what teachers need and how to meet those needs as they
make the changes necessary to implement an integrated science program.

The concerns expressed by teachers as they experience a change provide valu-
able insights about ways and means of helping them with curriculum imple-
mentation. A research-based model, the Concerns-Based Adoption Model
(CBAM) helps predict those concerns (Hord, Rutherford, Hu ling-Austin, &
Hall, 1987). The CBAM is based on four assumptions. First, change is a
process. Curriculum implementation takes time and attention. It does not
happen overnight. Second, change occurs in individuals first, then in organi-
zations. Teachers need attention first, then the district, school, or depart-
ment. Third, change is a personal experience, one that strikes people in dif-
ferent ways. Although one teacher may easily accommodate a new program,
the teacher next door may have difficulties. This may be due to different
skills, preferences, and backgrounds. Finally, while different people respond
differently to change, there are predictable stages that people seem to go
through as they learn about, try out, master, and refine new programsboth
in how they feel about the change and in what they actually do. The CBAM

53



42 Making Sense of Integrated Science

incorporates these stages; knowing where people are in the process can sug-
gest the most appropriate ways to help them. For details on how this model
might relate to the implementation of an integrated science program, refer
to Appendix A.

FOUR ASSUMPTIONS

ABOUT CHANGE Change is a process.

Change occurs in individuals first, then in organizations.

Change is a personal experience.

People experience predictable stages during change.

Source: Hord, S. M., Rutherford, W. L., Hu ling-Austin, L., & Hall, G. E. (1987).

WHAT ARE THE IMPLICATIONS OF
INTEGRATED SCIENCE FOR SCHOOLS

AND SCIENCE TEACHERS?
We do not suggest that introducing integrated science into the school cur-
riculum will be easy. An integrated science curriculum is very different from
a traditional science curriculum and requires a considerable amount of fore-
thought, planning, and support. An integrated approach, by definition, sug-
gests that there will be a wide range of learning outcomes and instructional
strategies. For example, outcomes of integrated science include subject mat-
ter, inquiry abilities, and understanding technology, history, nature of
science, and social issues. Instructional strategies may include inquiry-
oriented activities, historical case studies, reading, research on the Web, and
other uses of educational technology.

Professional development is required for new
curricula to be used well. Although this idea is far
from new, another research finding is more so:
New curriculum materials appear to be effective
vehicles for teacher learning.

Thus, implementing an integrated science curriculum is not as simple as
replacing the current chemistry course with a new one. Nor is it as easy as pur-
chasing a new biology textbook. The challenges of implementing an integrated
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science program may parallel those experienced by the Earth Science
Curriculum Project (ESCP) in the late 1960s and early 1970s. With ESCP,
the science education community introduced a new subject into school sci-
ence programs. This challenge was complicated by the fact that few teach-
ers were actually prepared to teach earth science, much less an activity-
based program.

Similarly, with integrated science, there first will be a need to establish a
place for it in school science programs, one that aligns with graduation
requirements. This suggests the need for a program designed for all students
in grades nine, ten, and eleven. Second, few (if any) teachers are actually
prepared to teach or have experienced an integrated approach to science. So
the program will require a thorough set of teacher resources and back-
ground materials. Finally, because most teachers will be teaching out-of-field
for some portion of the program, successful implementation will require
thorough and continuous professional development. We address these chal-
lenges in the remainder of this chapter.

CONNECTING PROFESSIONAL DEVELOPMENT AND
CURRICULUM IMPLEMENTATION

In Appendix A, we suggest the kinds of support teachers require if they are
to thoughtfully and effectively implement a change as large and complex as
an integrated science curriculum. Here, we elaborate on one area of sup-
port, teacher professional development, and its critical link to curriculum,
in particular, to an integrated science program.

Recently, researchers and practitioners have identified two important ways
in which new curriculum and professional development are symbiotic.
First, in order for teachers to use new curricula well, especially those mate-
rials that incorporate the ambitious content and teaching requirements of
national standards, they need opportunities to learn new knowledge, skills,
and approaches to instruction. Professional development is required for
new curricula to be used well. Although this idea is far from new, another
research finding is more so: New curriculum materials appear to be effec-
tive vehicles for teacher learning. By studying new materials, using them in
classrooms, examining the thinking and the products of students who
interact with the materials, and sharing their observations and dilemmas
with others, teachers can strengthen their understanding of content, of stu-
dent learning, and of effective teaching strategies (Ball, 1996; Cohen &
Hill, 1998; Russell, 1998). Professional development based on and using
new, reform-oriented curriculum materials such as integrated science can
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provide students with a variety of ways to learn science that focus on funda-
mental understandings and skills. At the same time, their teachers learn
more content and more effective ways to teach.

OPPORTUNITIES FOR

TEACHERS TO LEARN Study new
curriculum
materials

Teach Develop
replacement new

units curriculum

Implement
new curriculum

Professional development in integrated science provides teachers with
opportunities to learn.

In the recent book Designing Professional Development for Teachers of Science
and Mathematics, Loucks-Horsley and her colleagues described fifteen strate-
gies that are being used successfully to help teachers learn; three of these
strategies link to curriculum. One of these strategies, curriculum develop-
ment, can help teachers learn in situations where appropriate curriculum
materials do not exist, or where teachers have the expertise, time, and
resources necessary to develop their own. Another strategy, the use of replace-
ment units, helps teachers learn how to teach a new way or teach content
that is new to their curriculum by trying a series of lessons and then reflect-
ing on their experiences. This strategy is especially helpful when no full set of
curriculum materials exists, when a small foray into a new approach to teach-
ing and learning is called for, and/or when units are being purchased and
introduced one at a time for economic reasons. The third strategy, curricu-
lum implementation, is most relevant when discussing the use of a full set of
curriculum materials, such as an integrated science program.

Curriculum implementation uses different kinds of professional develop-
ment as teachers' concerns change and as their knowledge and skills change
as well. Early in implementation, professional development using a work-
shop format can help teachers learn "how to do it from those experienced
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in using the curriculum. Through experiencing the student activities as a
learner, teachers learn the content they will teach their students. For some
who learned science as a set of facts and principles to be memorized, they
learn what a big idea (fundamental science concept) is and how facts fit into
conceptual understanding. They also experience how it feels to learn through
an inquiry-based approach. They learn to explore ideas through materials
before being told. They learn to develop explanations for what they observe
and defend their explanations using evidence. They learn to challenge each
other's ideas in an educational context and to report on their own ideas in
ways that communicate effectively.

Through experiencing the student activities as a
learner, teachers learn the content they will
teach their students.

These early workshops address management issues: What materials are
needed, how to manage them, how they work, what is apt to be trouble-
some. Teachers develop some comfort from knowing they have the "cook-
book" to consult when and if they need it.

In effective workshops, teachers learn to wear two hats: that of a learner and
that of a teacher. They practice doing science through the student activities
and reflecting on what and how they are learning. Then, they learn to step
back and view their experiences as a teacher. What ideas did they struggle
with? What helped them in their struggles? What ideas are their students apt
to struggle with? How can they discover what is hard for their students to
learn and what is not? How can they help their students with their struggles?
Discussions of these questions go beyond management to consequence con-
cerns. In a series of workshops on a new curriculum, the emphasis can usu-
ally shift from issues of management to issues of student learning, but must
do so gradually and as teachers' management concerns become resolved.

These activities in initial workshops prime teachers to teach the new curricu-
lum units. In the most supportive settings, they have coaches who visit and
look for ways to help them make their classroom and materials management
smoother; they have opportunities to share their successes and solve problems
with other teachers, including those experienced in using the curriculum.

Professional development changes when management concerns decrease and
teachers can focus on instructional practice. Strategies for teacher learning
include examination of student work, case discussions, and action research
(Loucks-Horsley, Hewson, Love, & Stiles, 1998). Teachers can bring student
work to share that raises questions for them. (For example, What does her
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student understand about energy in ecosystems? How can I help my stu-
dents realize the role of inquiry in the study of science? What are the current
conceptions of these students? Other issues that student work may illustrate
include the development of inquiry abilities and the use of technology in sci-
ence and in school programs.)

Similarly, they can view a video from one of their classrooms or from a
video collection, write and share teaching cases or read cases that have been
developed by others, and talk about student learning and teaching issues
that these stimulate. The use of both video and narrative cases is increasing
as evidence accrues of their value for teacher learning (Barnett, 1998;
Schifter, 1996).

Finally, teachers can engage in action research by identifying a question of
keen importance to them in their classroom (for example, Do I treat boys
differently from girls? What would happen if I grouped students a different
way? How well do students apply science concepts to social issues? Do stu-
dents understand the nature of science? Do students develop inquiry abilities
and understandings in an integrated program?). Science teachers can system-
atically gather and then analyze data and apply what they learn to improve
instruction. These three strategies help teachers focus on student learning to
improve how they use the new curriculum in their classrooms.

Immersion experiences develop teachers' inquiry skills
and help them understand the nature of science
both critical goals of the integrated science program
they are using with their students.

As teachers gain experience in using an inquiry-oriented curriculum, they
often acknowledge a hole in their background: that they have never them-
selves "done" science, that is, actually conducted a scientific investigation
from beginning to end. Their interest can lead them in two directions: to
professional development institutes and workshops that immerse them in
inquiry or to internships in research organizations. Professional development
institutes held by science museums or other "informal" science organizations
challenge teachers to identify questions of interest, design investigations,
gather data, create explanations for patterns in their data, and integrate these
explanations with those they learn from scientists, scientific literature, and
the Web. Internships in science research organizations give teachers the
opportunity to work elbow-to-elbow with scientists on research teams, which
allow them to discover the wide variety of ways that scientists work and sci-
entific knowledge is produced (Hays, 1994). These immersion experiences
develop teachers' inquiry skills and help them understand the nature of
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scienceboth critical goals of the integrated science program they are using
with their students.

Professional development deepens and broadens teachers' abilities to use an
integrated science curriculum well. By tuning into teachers' needs and
helping them expand their experience base, these professional development
opportunities can sustain the changes that delivery of a new curriculum
program can begin.

Contemporary reform of science education has encouraged innovative
approaches to address the achievement of students. Particularly at grades
nine through twelve, integrated approaches to science have received
increased support. Implementing this innovative change in science education
mandates a linkage between curriculum implementation and professional
development.
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How Do WE ASSESS LEARNING IN

INTEGRATED SCIENCE?

INVITED ESSAY BY

KATHY COMFORT

CALIFORNIA SYSTEMIC INITIATIVE

ASSESSMENT COLLABORATIVE

SCIENCE ASSESSMENT:
WHY IS IT IMPORTANT?

WHAT SHOULD BE ASSESSED?
In this era of standards-based reform, the definitive questions are still being
raised:

What is science literacy?

--- How can we determine if students are achieving science literacy?

- What must students know, do, and understand in science in order
to be scientifically literate?

The release of the National Research Council's (NRC) National Science
Education Standards in 1996 and the American Association for the
Advancement of Science (AAAS) Project 2061's Benchmarks for Science
Literacy in 1993 represented the national consensus of the science education
community about what is important for all students to know, do, and under-
stand in science. These reports helped to illustrate science literacy and set the
course for standards-based reform. As defined by the Standards, science liter-
acy is the command of scientific concepts and processes required for personal
decision making, economic productivity, and effective participation in civic
and cultural affairs. We can determine whether students are progressing
toward science literacy by assessing all aspects of achievement: scientific
understanding of the natural world, understanding of the discipline and util-
ity of science, and students' opportunity to learn (NRC, 1996).
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As the primary feedback mechanism in the educational system, assessment
communicates the goals that students, teachers, schools, and districts are
expected to achievewhat teachers should teach and what students should
learn. Assessment also provides schools and districts with input on the effec-
tiveness of their teachers and programs and offers policy makers data on how
well their policies are working (NRC, 1996).

Assessment should provide students with the opportunity to demonstrate
conceptual understanding of the important ideas of science; to use scientific
tools and processes; to apply their understanding of these important ideas to
solve new problems; and to draw on what they have learned to explain new
phenomena, think critically, and make informed decisions. In short, when
students engage in assessments they should learn from those assessments
(NRC, 1996).

Many schools, districts, and states across the country have been working
hard to implement the recommendations of the national standards. (In this
essay, "national standards" refers to both the National Science Education
Standards and the Benchmarks for Science Literacy.) Standards-based reform
efforts, such as the National Science Foundation's (NSF) Systemic Initiatives
(SI), have been instrumental in developing and implementing district and
state core curriculum frameworks and standards aligned to the national stan-
dards. Many of these same initiatives also have been instrumental in increas-
ing the number of science courses required for graduation and in restructur-
ing the high school curriculum to include both integrated and coordinated
science courses. In California, for example, the Los Angeles Urban Systemic
Initiative has been working to implement ninth-grade integrated science in
all high schools, and the NSF-funded SPAN project has been working with
several middle and high schools across the state to implement coordinated
science in grades eight through twelve.

However, due to the political focus on implementing and assessing basic
skills, very few of these same districts have been able to develop or purchase
standards-based science assessments to systematically assess student perform-
ance and provide data on the effectiveness of their programs. As a result,
many continue to use publishers' norm-referenced science tests, though the
tests fail to match either the content of their own state standards or restruc-
tured curricula, or the content of the national standards.

Current research has established that assessment plays an important role in
standards-based reform (Baker & Linn, 1997). However, unless assessments
are systemically validaligned to the recommendations of national stan-
dards, grounded in the educational system, and congruent with the goals
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and aspirations for all studentsthey cannot serve as a focus of reform
(Bernauer & Cress, 1997).

Educational reformers agree that assessment and
instruction are two sides of the same cointhat an
invisible thread connects assessment, curriculum,
and teaching in the service of learning.

Assessments are used for different purposes within different levels of the
educational system. External assessments, such as those administered at the
state and national levels, are usually intended for accountability purposes
to audit the performance of teachers and schools and to formulate and mon-
itor policies. In many cases, these mandated external exams do not match
the content of the curriculum, district learning goals, or national standards
and can have negative effects on instruction (Airasian, 1988). Perceived as
"high stakes," they induce teachers to devote significant amounts of instruc-
tional time to preparing students to excel on tests that fail to yield meaning-
ful outcomes (Shavelson, Carey, & Webb, 1990). Teachers cannot use the
data from these external measures to guide instruction and to help change
practice. Nor can they use them as models to design similar assessments at
the classroom level to support their instruction.

Internal, or classroom, assessments are usually developed, administered, and
scored by classroom teachers because they are in the best position to put
assessment data to powerful use. In implementing the vision of the national
standards, classroom teachers engage in continuous formative assessment of
students' scientific understanding and reasoning and use data to improve stu-
dent learning, develop self-directed learners, report student progress, plan
curricula, guide instruction, and improve and research classroom practice
(NRC, 1996). Additionally, current research demonstrates that formative
assessment is an essential component of classroom work and that its develop-
ment and use can raise standards of achievement for students (Black &
William, 1998).

The expectations conveyed in the national standards, that all students be
afforded the opportunity to become scientifically literate, call for assess-
ment to meet the full range of goals for science education (Atkins &
Coffey, 1999). Educational reformers agree that assessment and instruction
are two sides of the same cointhat an invisible thread connects assess-
ment, curriculum, and teaching in the service of learning. Not only do
good assessments match exemplary instructional practices and serve as a
vehicle for learning, they also assess what is important and valued, not just
what is easily measured.
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IF SCHOOLS ARE IMPLEMENTING INTEGRATED
SCIENCE, THEN HOW MIGHT IT BE ASSESSED?

To implement the recommendations of the national standards and to better
prepare students to become scientifically literate citizens, many high schools
are restructuring their academic programs to include new courses designed
to integrate or coordinate conceptual connections between and within the
scientific disciplines. As pointed out in Chapter 1, integrated science often
focuses on broad themes and unifying principles that provide a rich context
and a creative learning environment and present students with opportunities
to explore cross-discipline concepts and solve cross-discipline problems.
Because this integrated methodology emphasizes the unifying principles of
science, which reflect the cohesive reality of the natural world, it makes sci-
ence more real, relevant, and vitally connected to the lives of students.
Additionally, we learn from Chapter 1 that integrated science is often effec-
tively taught through problem- and project-based approaches that blur the
boundaries of individual scientific disciplines, allowing students to investi-
gate a broad range of concepts.

To best assess student achievement in integrated science, it would appear
that a variety of instruments, aligned with the core content recommended
by the national standards, would be best to measure students' ability to
demonstrate understanding of the concepts that are connected and inte-
grated among the sciences. According to Atkins and Coffey, "Assessments
that resonate with a standards-based reform agenda should reflect the com-
plexity of science as a discipline of interconnected ideas and as a way of
thinking about the world."

In addition to proving the critical importance of
teacher involvement, research also has shown
that involving students in classroom assessment
can increase their achievement.

These standards-based, integrated science assessments could consist of a bal-
ance of measures that could be used at the classroom, district, state, and
national levels. However, it should be noted that for such assessments to be
successfully developed, administered, scored, and reported, there must be
congruence between their structural elements at all levels of the system:
national, state, district, and classroom. It is also crucial to maintain a balance
between theory, research, and practice. Integrated science assessments should
promote growth, be dynamic, and be grounded in the "real classroom."

6 4
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Teachers are central to implementing the vision of the national standards
and to keeping curriculum, assessment, and instruction closely linked. As
the figure below shows, their position in the classroom allows them to use
assessment in powerful ways for both formative and summative purposes
(Atkins & Coffey, 1999). Teachers must have the opportunity to collaborate
with scientists, measurement specialists, and researchers on the development
of assessments at all levels of the system if changes are to occur in their
beliefs and practices as well as in student learning.

ASSESSMENT USES

self-reflection
monitoring achievement for
individual students
gauging levels of engagement
reporting to parents
making decisions about the
placement of students

ASSESSMENT USES
In addition to proving the critical importance of teacher involvement,
research also has shown that involving students in classroom assessment can
increase their achievement (Black & William, 1998; Fuchs & Fuchs, 1986;
Fuchs & Fuchs, 1997). Therefore, students should be provided opportuni-
ties to reflect on and evaluate their own work; assist in the design of criteria
and rubrics for scoring their work; score the work of their peers and provide
constructive criticism; and assist in establishing levels of performance that
contribute to a common understanding of what constitutes good work.
Participation in assessment also can provide students the opportunities to
reflect on what they are learning and to make coherent connections within
and between subject areas (Wiggens, 1989).

Instead of pop quizzes, end-of-chapter tests, or standardized norm-
referenced exams, integrated science assessments could take on a variety of
formats. Additionally, depending on the assessment, students could work
individually, with a partner, or in a small group. Assessments could be infor-
mal, on-the-spot evaluations or they could be administered within one class
period. Extended projects, investigations, and portfolios could take from
one month to one semester, allowing students to conduct their own research
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and explore concepts in depth. Students also could keep instructional or lab-
oratory portfolios from which they select their "best work," which might
later become part of an assessment portfolio.

ASSESSMENT STRATEGIES FOR INTEGRATED SCIENCE

semester-long projects or investigations

portfolios

presentations

science journals

interviews and observations

performance tasks
paper and pencil tests, including constructed response
investigations, open-ended questions, and thematic-
conceptual or enhanced multiple choice questions

In one possible scenario, an eleventh-grade integrated science student works
with three other students to conduct a semester-long investigation focusing
on solving a "real life" problemglobal warming, for example. This assess-
ment could be designed to measure the students' ability to use scientific
processes and tools, communicate thinking processes, and demonstrate
understanding of concepts that are connected and integrated among the
earth, space, and life sciences.

As part of the investigation, the students have the opportunity to formulate
hypotheses and questions; make and record scientific observations; gather,
manipulate, and analyze data (their own, other students', and from databases
on the Internet); formulate and revise explanations and models; discuss and
defend their ideas with other students, their teacher, and visiting scientists;
incorporate mathematics and technology in the development of data charts
and graphs; analyze their conclusions based on their findings; and use their
scientific knowledge together with what they learned from the investigation
to make recommendations for solving the problem.

Throughout this extended investigation, students collect in their laboratory
portfolios multiple forms of evidence such as notes, drafts, data, observations,
reflections, essays, formulas, charts, graphs, and responses to questions. Their
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teacher provides feedback and conducts an ongoing assessment of their work
throughout the semester. Then, in order for their teacher to evaluate their
overall effort, the students select from their laboratory portfolios their five
best entries, representing their understanding of the connections among the
earth, space, and life sciences, along with a rationale as to why they think
these are their best pieces. The students receive scores for their individual
work as well as a group score for their overall effort.

The teacher scores each student's five entries with a rubric. The teacher also
provides each student with feedback, along with a profile of scores. The
scores are mapped onto standards of performance that the teacher and stu-
dents developed at the beginning of the project. Students receive a copy of
these standards at the beginning of the semester to help guide their investi-
gation. Each student's assessment portfolio also contains his or her self-
evaluation plus evaluative comments from peers, all of which are reviewed,
but not scored, by the teacher.

There is a serious discrepancy between the current
methods of accountability and the recommendations
of the national standards. Currently available, off-the-
shelf, standardized, norm-referenced tests fail to
match the content and recommendations of the
national standards.

In another hypothetical case, a teacher prepares to administer a standards-
based science assessment to her tenth-grade integrated science students. In
conjunction with other classroom teachers, scientists, science educators, and
measurement specialists on a national science assessment committee, the
teacher has participated in the development of the assessment. Because it is
available in both English and Spanish, all students in her class are able to
participate. The assessment takes two to three class periods to administer,
and its components are aligned to the content recommendations of the
national standards. Moreover, and most importantly, the assessment inte-
grates and coordinates science concepts. Specifically, components consist of
the following:

Hands-on Performance Tasks These tasks provide students the opportu-
nity to construct the big ideas of science through inquiry and investiga-
tion. Performance tasks are presented to students with a story line that
identifies a problem to solve in the investigation. The story line is based
on themes, such as evolution or energy, that weave together the coordi-
nated ideas of science into a coherent unit of study. Students perform a
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series of three or more coordinated tasks from life, earth, space, and/or
physical science. Students use hands-on equipment and perform short
experiments, make scientific observations, generate and record their
data, and analyze their results based on their data. Additionally, perform-
ance tasks require students to use their scientific knowledge to move
beyond the task and apply both new and previously gained information
to solve a problem. Students record their data and responses in a test
booklet that teachers score later using scoring rubrics.

Constructed-Response Investigations These investigations are similar to
performance tasks but do not require hands-on equipment. Students are
presented with a problem that students in another class or school are
trying to solve. The problem is featured in a story line that coordinates
concepts from the disciplines of science. Students are provided with data
sets and questions. They must analyze the problem, conduct a secondary
data analysis, revise a hypothesis, construct questions, suggest other
models, and recommend solutions. Students record their responses in a
test booklet that teachers score later using scoring rubrics.

Open-Ended Questions These are nonmultiple choice questions that
encourage students to think critically, solve problems, and communicate
possible solutions. Presented with a problem that coordinates ideas from
the different scientific disciplines, students are requested to write a short
essay or to manipulate data about the problem. Responses are recorded
in a test booklet that teachers score later using scoring rubrics.

Enhanced Multiple Choice (EMC) and Justified Multiple Choice
Questions (JMC) EMCs contain a cluster of two or three coordinated
and/or integrated (physical, earth, space, and/or life science) items inter-
woven by a theme(s) embedded in a short story line. These questions
assess students' understanding of important scientific facts, principles,
laws, and theories and probe analytical reasoning skills. Students record
answers on a scannable answer sheet. JMCs are similar to EMCs except
that students must also compose a short note of justification. Written
responses to the JMCs are scored by teachers using scoring rubrics.

Opportunity-to-Learn Surveys These surveys are designed to collect stu-
dent responses similar to those in the National Assessment of
Educational Progress (NAEP). These questions address the type of sci-
ence (life, earth, physical, integrated, or coordinated) being learned; how
it is being learned (textbooks, demonstrations, investigations, and so
on); the time spent on homework in science compared with other sub-
jects; participation in science fairs; and the use of technology.

After students complete the standards-based assessment battery, the
teacher returns all materials to a designated test contractor. The contractor
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processes all materials and scores the multiple choice items. The scoring of
the performance components of the assessment will be conducted as a pro-
fessional development activity in conjunction with teachers, science educa-
tors, scientists, and measurement specialists. Teachers are trained in the
scoring process and in calibrating scores to the criteria in the scoring
rubrics. Current research has shown that the scoring of student work in
collaboration with colleagues helps teachers clarify their teaching goals,
learn more about national and state standards, enrich their scientific
knowledge, learn more about students and their work, and develop
insights to support their teaching (Falk & Ort, 1998).

Once all student work is scored and analyzed, it is reported back to the
teacher according to the content categories of the national standards and
the integrated concepts identified by the teacher. This reporting strategy
allows students and schools to measure students' growth against the con-
tent recommendations of the national standards instead of comparing
them with each other.

WHAT ARE SOME OF THE ISSUES AND
CHALLENGES ASSOCIATED WITH THE

ASSESSMENT OF INTEGRATED SCIENCE?
First and foremost, there is a serious discrepancy between the current
methods of accountability and the recommendations of the national stan-
dards. Currently available, off-the-shelf, standardized, norm-referenced tests
fail to match the content and recommendations of the national standards,
nor are they aligned to the standards, curriculum, or classroom assessments
of schools attempting to reform science education. Additionally, instead of
comparing student performance against a set of standards, they focus on
comparing the performance of student groups against each other. These
tests cannot serve as a vehicle for measuring progress toward science literacy
set forth in the national standards. Yet, many districts and schools imple-
menting integrated science programs persist in using these norm-referenced
tests to measure student achievement and progress. If the goal of integrated
science programs is to prepare students to become scientifically literate citi-
zens, then schools and districts implementing these programs must invest
in valid and reliable standards-based assessments that will provide them
with useful and meaningful information about students' understanding of
integrated science concepts.

The issue of the misalignment between current assessments and standards-
based programs leads to a challengethe challenge of developing standards-
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based assessments that will support integrated and coordinated science at
different levels of the system. A very small number of states and districts has
been able to develop and implement science assessments that are aligned to
the recommendations of the national standards, and even fewer has access to
integrated or coordinated science assessments. The challenge is ratcheted up
a notch when these same assessments are expected to address both tradi-
tional and integrated or coordinated science courses. Additionally, the devel-
opment of assessments that are "naturally integrated" or coordinated is not
an easy task.

Unless issues such as professional development,
time, resources, and support from school and district
administration are adequately addressed, teachers'
ability to use assessment in the service of student
learning will be seriously compromised.

For example, in 1992 the assessment unit of the California Department of
Education field tested both integrated and coordinated science performance
tasks at grade eleven as part of the state testing program. The team responsi-
ble for the assessments found the development of the integrated performance
task to be more daunting than the development of the coordinated per-
formance task. Although the team was able to "stack" the different disci-
plines of science side by side in the coordinated task and connect them into
a coherent unit with themes, team members found it difficult to naturally
integrate concepts from the life, earth, and physical sciences into an inte-
grated task. Part of the difficulty with the integrated task was the team's defi-
nition of "integrated." It was operating under the premise that all integrated
tasks had to address the disciplines of life, earth, and physical science
equally. For this specific task, team members succeeded in meaningfully
integrating two of the three sciences (earth and physical sciences); however,
they were not able to comfortably include a third discipline (life science).
The third discipline, life science, became an obvious "add on." As a result,
the task was difficult for students to understand and for teachers to adminis-
ter and score. Consequently, the team decided to change its definition of an
integrated task from having to equally integrate the life, earth, and physical
science, to one containing a combination of disciplines that would harmo-
nized more naturallyeliminating "forced fits."

The administration and scoring of the coordinated performance task, on the
other hand, was more successful. Working in triads, students were presented
with a problem and an array of evidence that required them to orchestrate
their understanding of biology (using a microscope to investigate properties
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of different samples of hair), chemistry (conducting a chromatography test
to determine who wrote a note), and earth science (conducting profiles and
pH tests on samples of soil) to investigate a potential crime scene. Each of
the three tasks, representing a different discipline of science, was woven
together by a thematic story line. The tasks yielded scores in life, earth, and
physical science as well as an overall score for conducting an investigation.

In line with the challenges associated with assessments for standards-based
integrated and coordinated science is the assessment capacity of classroom
teachers. As mentioned earlier, teachers are at the forefront of implement-
ing science reforms, yet they have little, if any, training or preparation in
assessment development, administration, scoring, and use of results.
Additionally, unless issues such as professional development, time,
resources, and support from school and district administration are ade-
quately addressed, teachers' ability to use assessment in the service of stu-
dent learning will be seriously compromised.

As stated in the introduction to this guide, it is evident that current high
school science programs lack the rigor and depth necessary to provide stu-
dents the opportunity to meet the recommendations of the national stan-
dards and to become scientifically literate citizens. In response, science edu-
cators across the country are thoughtfully restructuring high school science
courses from the traditional sequence of earth science, biology, chemistry,
and physics, to ones that will integrate content knowledge across the disci-
plines. Therefore, conceptually coherent curricula and assessments, carefully
aligned with instruction, professional development, and other important
policy elements, will become key performance indicators for schools, dis-
tricts, and states that are striving to meet these challenging needs.
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CHAPTER THREE

Thinking about Implementation:
The Road Ahead

LOOKING AHEAD
By now, you have a good idea about what integrated science
is and the range of ideas that contribute to it. You also prob-
ably are more aware of some of its rewards and challenges.
Now it is time to consider how a school or district might go
about implementing an integrated science programfrom
decision making (which model do we want to implement?)
to planning for successful implementation. The process we
describe here is ideal in many respects, and given constraints
within your district, you will need to modify the process
accordingly. If the real adventure of implementation takes
you down a slightly different path, we expect that many of
the ideas we present here still will be of value. We know the
landscape is varied and the paths are many. The road map
that we provide can be used to navigate along the major
pathways; you may find short cuts, detours, and scenic
byways that better suit your needs. You also will find that on
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a philosophical level, if not a practical level, some of the ideas we
ask you to examine will contribute in both subtle and perhaps strik-
ing ways to your own professional development and that of others.

When thinking about substantial change in a school
science program, it is important to consider the big
picture, one that includes a somewhat distant horizon.

Much of this chapter addresses the implementation of a comprehen-
sive program in integrated science; that is, a program with a large
grain size, for example, Model V or VI. If your district, school, or
you as an individual teacher are considering integrated science pro-
grams with a smaller grain sizefor example, Model III or IVthe
process could be scaled back considerably. A scaled-back version for
an individual teacher or group of teachers considering Model IV is
described in Appendix B. If Model III or IV best represents your
case, it still may be useful to read through this chapter and consider
the steps that seem appropriate for your task and your setting.

A FRAMEWORK AND A PERSPECTIVE
When thinking about substantial change in a school science pro-
gram, it is important to consider the big picture, one that includes a
somewhat distant horizon. In particular, for integrated science, it is
important to keep in mind issues that we presented in Chapter 2
that have to do with the educational climate, the culture of schools,
and the readiness of various stakeholders for change. It also is
important to have a framework for guiding the work of change.
One such framework that seems particularly useful is presented here
(see Figure 3.1). This framework provides a structure within which
your leadership team can conduct its work.

The three phases of the circle in Figure 3.1 represent three major
processes: Reflecting, Planning, and Taking Action. Reflecting
involves assessing current attitudes of your own and others, clarify-
ing your purpose for seeking change, setting overall goals, and mak-
ing a decision about what you want to do. Planning involves setting
detailed goals that align with your decision, crafting a realistic time
line for meeting your goals, and establishing criteria by which you
can measure success. Taking action naturally involves a commitment
to the actual work and carrying out the work. A feature of the
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framework that is important to keep in mind is its recursive
naturethe process is not strictly linear. As you reflect on your
work, for example, you will revisit your goals and plans as well as
establish new goals and plans for various subsets of your work.

ekin
Figure 3.1 The major components of a framework for change include

reflecting, planning, and taking action. The process is
somewhat fluid and recursive.

The framework can be used to structure the overall work as well as
smaller subsets of the work, and this same framework is useful for
tasks at several different levels of resolution. It can be used broadly at
the district level to guide a range of work that involves organizing
and mobilizing groups of people in planning and taking action. It
can be used at the school level to guide the implementation process
within a single school, and individual teachers also can use it as a
tool to monitor their own professional growth. In this guide, at the
largest resolution of the overall work, we focus on reflecting and
planning. Many of the details of taking action (the ongoing work of
implementing change) will be the focus of additional work at BSCS.

The catalyst for change in schools and districts likely will vary, and
some will find the process smoother than others. From our experi-
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ence, if the processes of reflecting, planning, and taking action have
both structure and flexibility, then implementation has the greatest
chance of succeeding.

SOME GUIDING PRINCIPLES

Some of the principles of Open Space Technology, a strategy for
leaders developed by Harrison Owen (1997), may be beneficial to
your workespecially to your team processes. Owen developed his
approach after reflecting on two simple observations he had made in
different parts of the world. The first observation he made numerous
times in this country. Like many of us who attend conferences on a
regular basis, Owen noticed that often the most insightful and effec-
tive conversations occurred during the coffee breaks, lunch breaks,
walks to and from meeting rooms, and other informal settings in the
midst of the formal structure of the meetings themselvesthat is,
they happened in the open spaces and open times. Owen's second
observation came from his work in a number of villages in West
Africa. Owen observed that these communities have an informal
social mechanism for resolving community issues. Individuals who
wish to raise an issue that concerns them do so in the central, open
marketplace. Other members of the community, hearing the con-
cern, gather to voice opinions and find resolutions to the issues.

If the processes of reflecting, planning,
and taking action have both structure and
flexibility, then implementation has the
greatest chance of succeeding.

The salient principles of this open-space approach for meetings and
for the practice of leadership are simple: (1) Open the space and the
time for people to share their ideas and (2) Hold that space open
until the work is completed. Using these principles, people feel their
ideas are valued, know it is safe to voice concerns, are usually able to
develop a shared vision, believe that the real issues get addressed, and
find the solutions are lasting.

REFLECTING

An overview of one process of reflecting and decision making is first
outlined here and then expanded on. You may want to vary the steps
to fit your particular needs and address the particular concerns of
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your stakeholders. This structure is not meant to be prescriptive, but
rather a place to begin and then adapt as you go. As outlined, the
process is quite lengthy, and given your specific constraints of time
and energy, your leadership team may need to modify the process
accordingly.

AN OUTLINE FOR REFLECTIVE DECISION MAKING

1. Convene the district leadership team to oversee the
decision-making process.

2. Review the district's current goals for science educa-
tion.

3. Establish a set of overall goals for the work of the
team.

4. Craft a work plan for meeting the team's goals and
evaluating the success of meeting those goals.

5. Complete initial information-gathering tasks so that the
team is able to make well-informed decisions.

a. Carry out a broad-based needs assessment that
includes responses from both individual stake-
holders and groups of stakeholders.

b. Analyze the results of the needs assessment.

6. Reflect on the results of the needs assessment through
a series of dialogues.

7. Consider the need for more information and plan to
gather it to inform your discussions.

8. Develop a list of the top three options for integrated
science in your district or school along with the
strengths and weaknesses of each option.

9. Discuss each option.

10. Select the best choice for your district or school.
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CONVENING A TEAM AND GATHERING INFORMATION

The initial step when considering the implementation of an inte-
grated science program is to put together a strong district leadership
team to oversee the process. To be most effective, this leadership team

This leadership team is the foundation of all the
work that will follow, and it needs to be developed
with care and staffed with people who will value the
work.

should include representatives from each group of stakeholders in
your district. These stakeholders include teachers (both new teachers
and teachers with more seniority), principals, district science special-
ists or curriculum specialists, school board members, parents, stu-
dents, and a district-level evaluator. Sometimes the catalyst for change
comes from the district level and sometimes it is a grassroots effort,
and decisions that involve changes in high school science curriculum
and course offerings may be made at a range of levels. You should
have a clear understanding about where such decisions are made in
your district and have those decision makers represented on your
leadership team from the beginning, if yours is a grassroots effort.

This leadership team will guide the district and schools through the
process of change, and because of this role, it is important that each
team member be able to thoughtfully represent his or her role in the
school community. It also is important that all team members are
committed to working together to develop a shared vision. If the
team is not committed to a shared vision, the work will be difficult
and may be ineffective. This leadership team is the foundation of all
the work that will follow, and, consequently, it needs to be devel-
oped with care and staffed with people who will value the work.

First, it is valuable for the leadership team to reflect on its mission
and establish goals and objectives for the team itself. This may help
ensure that the team will contribute in the most effective ways as it
helps the school community meet the district-level goals for science
education. The team also should set one overarching goal that it has
for students. Often revisiting this student-centered goal during
lengthy discussions or in times of confusion will help the team stay
focused. The leadership team also should develop a time line for
reaching its goals as well as an evaluation plan for measuring its
progress and its success.
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As part of the early work, the team should review the district's cur-
rent goals for science education. Questions to consider during this
review process include the following:

-I

_
-A

Do the goals reflect what we want our students to know and be
able to do in science?
Do the goals reflect what we value about science education?
Do the goals reflect what we value about science?
Do the goals reflect what is best for our students?
Do the goals represent excellence in teaching?
Are our goals aligned with national standards in science
education?
Are our goals aligned with state and district frameworks for
science?

After reviewing these goals, team members should discuss whether
there is a need to revise these goals based the district's evolving vision
of science education or whether the goals broadly represent what the
district values. You may find that a slight or perhaps major revision
of the goals is in order, which then becomes the first task of the
team. Such a task may be within the authority of the team to pursue,
or it may require special action by the school board. Once the team
has a shared vision for the broad goals of science education in its dis-
trict, the foundation on which to build the new works is in place.

It is important to understand and address the concerns
of all of the stakeholders in order to get the broadest
and most realistic vision of "where you are" and to
ensure the greatest likelihood of success in imple-
menting an integrated science program and getting
"where you want to be."

To make the most well-informed decision possible about integrated
science, it is important to gather the thoughts of many of those
involved in science education at the high school level. A needs assess-
ment is a valuable tool with which to collect these thoughts in a sys-
tematic way. Such a tool will help your district leadership team
determine where the various groups of stakeholders in your district
are with respect to different aspects of science education, where they
want to be, and to what extent your school community is prepared
to change. The results of this needs assessment will help your leader-
ship team make thoughtful decisions, plan, and carefully prepare for
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the most effective change. It
is important to understand
and address the concerns of
all of the various stakeholders
in order to get the broadest
and most realistic vision of
"where you are" and to
ensure the greatest likelihood
of success in implementing
an integrated science pro-
gram and getting "where you
want to be."

We have developed a needs
assessment that contains a
database of questions for each
group of stakeholders (see

Appendix C). The leadership team should review the range of ques-
tions in each category and select from them a specific set of ques-
tions to use. It would be most efficient to develop your needs assess-
ment from the Rich Text File (RTF) of this document, which is
available from the BSCS Web site (www.bscs.org). From the RTF
file, you can copy and paste the selected questions into another file
to create your own needs assessment.

The team should be careful to select questions that it feels will cover
both the general and specific concerns in your district. The team
may want to adapt some of the questions if a particular phrase
would make more sense for your district's circumstances. In addition
to adapting some of the questions, team members may want to add
a question or two that addresses specific concerns of certain stake-
holders. We also provide optional sets of questions that you might
want to ask additional groups of stakeholders, such as the business
community and the university community.

After you have agreed on the set of questions for each group of
stakeholders, it would be ideal to pilot each section with a small sub-
set of representatives of that group. It then would be beneficial to
bring the entire pilot group together after they have completed the
survey individually to debrief their experience with the questions.
Following this exchange and input of ideas, you may want to revise
your survey in a number of ways. We realize that most school dis-
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tricts may not have enough time to do this small pilot, but we men-
tion it for those who find it possible.

The team is now ready to conduct the survey with a representative
sample of each set of stakeholders. After you have individuals in each
group respond to the survey, organize primary focus groups for each
set of stakeholders. Ask members of these focus groups to discuss the
questions on the survey and then develop a consensus response to each
question. For each focus group, have one member of the district lead-
ership team act as facilitator to guide the discussion. It may be useful
to have a professional from your community (an "outsider") perform
the role of facilitator if you think it may be difficult to reach consen-
sus. Again, during this phase, the principles of Open Space Tech-
nology may contribute significantly to the outcome of your work.

When you have completed both the individual and group surveys,
the district evaluator on your team can help you analyze the results.
It will be important to analyze the individual and group surveys
separately.

ARRIVING AT A DECISION

After the team has completed the needs assessment and the analysis
of the results, you can plot the results on a decision matrix, similar
to the one provided in Figure 3.2. This exercise provides a simple,
visual impression of where you are with respect to where you want
to be and may be a useful tool in guiding discussions.

This matrix may or may not be an accurate predictor of the likeli-
hood of success in implementing an integrated science program, but
it serves as a good beginning point for the next level of reflective dis-
cussions. Your leadership team can proceed by discussing "Next Step"
questions. We provide a core set of these questions in Appendix D;
you likely will expand on this set as your discussions unfold.

After discussing the Next Step questions thoroughly during several
sessions, we recommend that your leadership team outline a set of
realistic options for implementing integrated science in your district
or school. Based on your needs assessment and ensuing dialogue,
your options might include the following:

1. implementing a theme-based integrated science program for
grade nine only (Model V) or
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Figure 3.2 A matrix such as this may help you visualize where you are
with respect to where you want to be. You can plot the
averages of answers from each set of stakeholders and
color-code them for easy reference.

2. implementing a three-year, fully integrated science program for
grades nine to eleven using a spiraling, thematic vehicle (Model
VI).

Once you have specific options on the table, your leadership team
should

1. list the advantages and disadvantages of each option with respect
to the students and learning, the teachers and teaching, and the
district's goals for science education.

2. consider which option offers your district or school the most
coherence in its science program.

3. consider which option best aligns with state and district stan-
dards and curriculum framework.

Following these focused discussions, the team should select one
option as its highest recommendation. Depending on the structure
of your district, the actual decision makers for this level of change
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may be the school board, the superintendent, or the district leader-
ship team itself. If necessary, your next step would be to arrange a
meeting with the decision makers and present your case.

PLANNING AND TAKING ACTION
After your district or school has made the decision to implement an
integrated science program following one particular model or varia-
tion thereof, then the work of the district leadership team intensifies
and the base of the work expands.

Use the framework presented in Figure 3.1 at a smaller resolution and
begin with a new cycle of reflecting, planning, and taking action as
you plan for and begin implementation. The Concerns-Based
Adoption Model (Hord et al., 1987), which is referred to in the
invited essay "Supporting Change through Professional Development"
and outlined in detail in Appendix A, reminds us to pay attention to
the concerns of stakeholders during the process of implementation.

FIRST STEPS

Early on in the process, you also will want to put together a small
community advisory council for science education if you do not
already have one in your district. Your community advisory council,
made up of perhaps seven to nine people, will be able to

--- provide you with a community-level perspective,
offer advice when needed, and
help establish community resources that will benefit teachers
and students.

The concept of a road map reminds us that the
process of change is, in fact, a journey.

Such a council should be made up of professionals in the commu-
nity (perhaps from business, industry, or colleges and universities),
science teachers, principals, and parents. The principles of Open
Space Technology seem particularly valuable with groups such as
this, which are somewhat self-organizing and which include a diver-
sity of stakeholders.

If the decision to implement an integrated science program is a
districtwide decision that involves more than one school, then it is
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important that each high school involved in the process of change
establish its own school leadership team. Such a team should com-
prise three or four people including teachers (perhaps a new and a
senior one) and a principal or assistant principal. This new team

District
Science Leadership

Advisory Team
Council

fa. School
Leadership

Teams

(School
Four

School
Two

, School
Three

School
Five

Figure 3.3 During implementation, this system of teams and the
relationships within and between the teams will be
important.

would serve the school in much the same way that the district lead-
ership team serves the district. This school-based team needs to
establish at the outset a process for monitoring implementation,
evaluating its effectiveness, and responding appropriately to these
findings. Figure 3.3 presents the system of teams that is designed to
support critical relationships throughout implementation.

For the purpose of implementation, it may be helpful to consider
the notion of a road map. Such a notion reminds us that the process
of change is, in fact, a journey. First, when implementing change,
there are many points of departure and decisions to make at each
new crossroads. Second, the concept of a map will help you think
about where your school or district is with respect to integrated sci-
ence programs and where your school or district wants to be. Third,
the concept of a map will help you keep track of which set of stake-
holders is most concerned about which set of issues at specific points

86



Chapter 3: Thinking about Implementation 75

Reflecting Planning

The District Leadership Team

Taking Action

1. 1. 1. 1. 1.

2. 2. 2. 2. 2.
3. 3. 3. 3. 3.

The School Leadership Team
111.-

1
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i I

1. 1. 1.
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2. 2. 2. 2.
3. 3. 3. 3.
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2. 2. 2.
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Figure 3.4 A road map such as this may be helpful to your school and
district leadership teams as they keep track of their tasks
and concerns.

along the way. Lastly, a road map may help remind you of the vast-
ness of the landscape and provide satisfaction in being able to meas-
ure successes even on a small scale. You may want to produce a
large-scale version of the road map that we provide in Figure 3.4 and
display it on the wall during meetings. If you create the map on flip
chart paper or other material that you can easily write on, then you
can record new ideas and issues along the way.

At this point, the major role of the district leadership team is to sup-
port and monitor the implementation process for two main stake-
holders: the students and the teachers. Throughout the implementa-
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tion process, the needs of students and teachers must remain in the
foreground. Generally, the curriculum occupies the interface
between the student and teacher. If the process of implementing the
curriculum or major portions of the curriculum itself is not working
for the students or the teachers, this will severely compromise the
likelihood of a sustained change.

FOCUSING ON THE STUDENTS

The ultimate goal of science education is to improve students'
understanding of science and their appreciation for science.
Regardless of the vehicle, it is ultimately for the students that we
make any change in our school science programs. The students'
needs are a priority. The impetus behind any educational change,
including a change in an approach to science teaching, is the expec-
tation that the change will result in improved learning for students.
After all, that is what education is all about.

In general, we know from the most successful integrated science pro-
grams in the country that the integrated science experience works for
students. The three scenarios that we present in Chapter 4 describe
three types of integrated science programs. Each scenario represents
a school or district at a different point in the process of change, and
consequently, the results of the change are still forthcoming. Even
so, it is clear that most students enjoy the integrated science experi-
ence. It is an approach that helps them make connectionsand con-
sequently make meaningof much of what they experience in the
natural world.

The impetus behind any educational change,
including a change in an approach to science
teaching, is the expectation that the change will
result in improved learning for students.

We know, however, from less successful integrated science programs
that if the teachers are struggling with the decision, the approach,
the content, or the curriculum, then the students' experience is
severely compromised. We also know from results of our survey that
in cases where the decision-making process did not include teachers
and in cases where districts were not able to offer teachers the neces-
sary professional development opportunities to prepare them to
teach out-of-field, the students suffered along with the teachers
(BSCS survey and personal communication 1997-2000).
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FOCUSING ON THE TEACHERS

The ultimate success or failure of any integrated science program
often plays out in the hands of the classroom teacher. If the teacher is
personally and professionally committed to integrated science and has
the support that he or she needs from the district, the school, other
teachers, the students, and the parents, then it is likely that the inte-
grated science program will succeed in that classroom and students
will learn science. This ideal requires careful planning, a great deal of
support, and a high level of commitment from all stakeholders.

Some of the immediate concerns of teachers
can be alleviated by implementing change
using a realistic time line.

When the decision is made to implement an integrated science pro-
gram, the stakeholders who are most affected initially are the teach-
ers. The district leadership team needs to be prepared to address the
professional development concerns of teachers in a number of areas:

Motivation for Change Teachers may or may not be prepared

for changeor prepared for big changes. The reasons for this
will vary: fear, lack of broad science content knowledge, lack of
understanding about the new curriculum, and lack of interest in
reform in science education. All of these issues contribute to a
teacher's motivation for change. It is clear that without motiva-
tion, teachers will not change, or will change very little.

Content Knowledge Teachers often are not prepared to teach

across disciplines in the sciences and feel uncomfortable about
doing so. If they lack the content knowledge, teachers often
return to very traditional methods of instruction when forced to
teach out-of-field.

Instructional Strategies Depending on the vehicle that is chosen,

teachers will need help developing instructional strategies that
complement the vehicle. These strategies may include team
teaching, cooperative learning, bringing inquiry to the fore-
ground, fostering independent learning by students, and project-
and problem-based approaches.

Assessment Strategies As you recall from the invited essay in

Chapter 2, "How Do We Assess Learning in Integrated
Science?," assessment strategies often are overlooked when a dis
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trict or school considers change. The assessment for integrated
science may be qualitatively different from assessment in disci-
pline-specific courses. Teachers might need professional develop-
ment workshops that focus specifically on assessment strategies
for integrated science to measure the science achievement of stu-
dents. Such strategies include effective multiple choice questions,
constructed response investigations (essays), hands-on perform-
ance tasks, and portfolios.

Some of the immediate concerns of teachers can be alleviated by
implementing a new integrated science program using a realistic
time line. For example, it would not be realistic to expect that a
decision made in the summer of 1999 to implement integrated sci-
ence would be in effect by the fall of 1999. Ongoing concerns of
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teachers can be alleviated to a large extent by having support at the
school level, especially from the principal, in the form of both time
and resources to attend to each of their concerns. Teachers also need
to know that there is district support to address these same concerns.

Professional development strategies that may be particularly benefi-
cial and effective with teachers of science have been described by
Susan Loucks-Horsley in Designing Professional Development for
Teachers of Science and Mathematics (1998). Strategies that may be
particularly valuable for teachers of integrated science include:

Strategy 3:
Strategy 4:
Strategy 7:
Strategy 9:
Strategy 10:
Strategy 11:

Strategy 13:

Curriculum Implementation;
Curriculum Replacement Units;
Case Discussions;
Study Groups;
Coaching and Mentoring;
Partnerships with Scientists in Business, Industry, and
Universities; and
Workshops, Institutes, Courses, and Seminars.

KEEPING THE CURRICULUM IN MIND
Part of the decision to implement an integrated science program
includes, as we have described, a decision about which model of
instruction to adopt and which vehicle to use to integrate the sci-
ences. As soon as this decision is made, the district leadership team
can better focus its attention on the task of developing the curricu-
lum framework and then finding the instructional materials that best
align with the model and vehicle that they have selected. Through a
focused effort, the team can develop a framework that best creates a
coherent whole, provides opportunities for students to meet the
standards, increases students' understanding of core content in the
sciences, and makes connections in a meaningful and lasting way.

The district must be prepared to support the change through the
purchase of these new instructional materials and the arrangement of
the appropriate professional development opportunities for teachers
to become comfortable using them.
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EVALUATING PROGRESS AND SUSTAINING
CHANGE
Evaluating the progress and success of change is an important task of
the school and district leadership teams. This work is ongoing and
dynamic. Initially, as the teams set their goals, they also should
develop the criteria they will use for evaluating their success in reach-
ing their goals. These tools should be in place from the beginning
and should be used in an ongoing manner. The district evaluator can
guide the teams through this process.

As implementation proceeds and new issues arise, the teams should
have a mechanism for responding. The team members should find
the space and time to share ideas and concerns and create solutions.
Each team has the opportunity to develop a forum for creativity
that may lead to a number of thingsnew classroom strategies,
new ways of integrating content, and better ways to assess student
learning, for example.

The process of implementing an integrated science program offers
the opportunity to enrich the landscape with new ideas and to vary
the landscape with seeds of change. The opportunity exists to dis-
cover new pathways through familiar territory as well as to travel
along familiar pathways and find yourself entering new terrain.
Sometimes a slightly different landscape, regardless of how you
arrived there, presents a distinctively different horizona new view
that offers many possibilities. Be prepared to take it in.
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CHAPTER FOUR

How Have Others Done It?

In this chapter, we present detailed scenarios of how actual
schools and districts in the nation have implemented inte-
grated science programs. The three scenarios are from dif-
ferent states (California, Utah, and Florida) and represent
three different types of districts, each with a different set of
concerns and different approach toward integrated science.
Some of the incentives and the impetus for change are sim-
ilar, but the loci of decision, the types of programs imple-
mented, the level of support, and the time line for each
have been different.

In the California Scenario, the catalyst for change within
the school seems to be the teacher, and most of the initia-
tive for the change is maintained by the teacher. In Florida,
the catalyst was at the district level, although the district
was responding to a mandate from the state. It is clear that
the initiative for change was maintained and supported at
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the district level. In Utah, the incentive for change initially came
from the state-level mandate. As you read each scenario, you can
see how these different scenarios play out in distinctly different
ways. You may find a particular one that closely resembles the situ-
ation in your school or district or state. And you may find pieces
from each that are particularly relevant.

There also are common threads woven throughout the three
scenarios, such as the genuine interest of teachers and professionals
in students' understanding of the sciences in a broad and practical
sense and the high level of commitment of many teachers to their
work. The catalyst for change has some common themes such as
the improved learning of science for students.

Having the decision made at different levels and having the momen-
tum for the process of change be maintained at different levels cre-
ates a striking difference. You can feel the same level of commitment
from teachers in California, Utah, and Florida. The California
teacher, on one hand, seems solely responsible for initiating the
changes and in sustaining them. She has support from the adminis-
tration, but only after she proves her point and the program. In
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Florida, the catalyst for the specific changes came from the district,
and all stakeholders in the process were involved at each step along
the way. Teachers likely felt the support from each other and the
district, even though there were individual struggles. In Utah, the
catalyst for the specific change came from the state level, and each
district or school was left to respond in its own way to the man-
date. The support was there, but it was more diffuse.

The catalyst for change has some common themes
such as the improved learning of science for students.

It likely will prove useful to study each scenario, consider the plan
and the approach, and pay attention to the particular obstacles and
the successes. We always can learn a range of lessons from others
who are traveling a road ahead of us. You may read the scenarios
with interest now and refer back to them on a number of occasions
for more information as you find yourself entering new terrain.

Each scenario was written by a teacher, and the Florida Scenario
was written jointly by a teacher and a district science supervisor.
We felt that the teachers' point of view would be the most valu-
able for our report. Each scenario was reviewed by someone else
in the district for accuracy, but the scenario really represents one
person's point of view of the process. See Appendix E for the
guidelines the writers used to develop their scenarios.
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CALIFORNIA SCENARIO:

THE INTEGRATED SCIENCE PROGRAM AT

FRANCISCO BRAVO MEDICAL

MAGNET HIGH SCHOOL

BY

MARILYN PERRON

DESCRIPTION OF SCHOOL
Francisco Bravo Medical Magnet High School (grades nine through twelve)
is designed for students interested in the medical and health professions,
although one need not have that goal to attend. The school is located in
East Los Angeles in a lower socioeconomic, Hispanic community and is
adjacent to several large hospitals, clinics, and laboratories. Seventeen hun-
dred students from across Los Angeles County are enrolled by a random
application selection, which is based solely on current Los Angeles County
ethnicity balance. Although our school is one of the top schools in the Los
Angeles Unified School District (LAUSD), it ranks in the fifty-first
percentile on national math and language tests. LAUSD is the second
largest district in the United States and struggles with urban and immigrant
issues. Bravo, like other magnets in the district, maintains a fairly stable
ninth- through twelfth-grade student population with little transience and
only minor drug and gang conflicts. The staff, likewise, is fairly stable, and a
casual family atmosphere is maintained. In addition to regular state fund-

98



88 Making Sense of Integrated Science

ing, the nine-year-old school receives $50,000 per year from a trust fund,
$400,000 per year from Title I money, and has been partners with local uni-
versities in grants of more than $1,500,000 from the National Institutes of
Health and the Howard Hughes Medical Foundation.

DESCRIPTION OF THE
INTEGRATED SCIENCE PROGRAM

Historically, the science program at Bravo has included traditional biology,
chemistry, and physics along with physiology and several medical electives
such as ophthalmology, biomedical research, and medical lab assistance.
These courses are offered along with Advanced Placement (AP) Biology and
Chemistry. Remedial and noncollege preparatory classes such as life science
were phased out in accordance with the district's attempt to provide a more
equitable science education to all students. For several years, certain classes at
Bravo were unofficially "remedial" and did not meet our district's course out-
lines for content or rigor. For example, advanced physical science became a
low-level earth science course instead of a rigorous chemistry-physics course,
and science fundamentals became a basic math-lab skills class instead of a
rigorous senior-level analysis course. As of June 1999, the district has yet to
align its standards with the 1999 State Science Content Standards.

Because the State Science Content Standards specify biology, chemistry,
physics, earth science, and investigations as separate categories each with sev-
eral detailed conceptual components, many do not think the mandated state
assessments match. The assessments at each grade level (nine, ten, eleven)
cover all science disciplines each year. Moreover, because the district requires
only two years of science for graduation, a student following the traditional
biology-chemistry-physics route does not necessarily take physics, never
mind the earth science component. Individual schools can increase the sci-
ence requirements for graduation if desired, but Bravo has not elected to do
so. Each school is allowed to develop its own course of action as long as it
uses district-approved courses (or applies to pilot new courses) and is follow-
ing district and state standards. Monitoring is left entirely to the school site.

INTEGRATED SCIENCE PROGRAM OVERVIEW

The 1999-2000 school year will be the third year of our integrated science
program at Bravo. We offer Integrated Science I for ninth graders and
Integrated Science II for tenth graders; beginning in September 1999, we
offer Integrated Science III as one of many electives for eleventh graders.
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During the first two pilot years (1997 and 1998), 240 students, approxi-
mately half of our ninth graders, took Integrated I and then Integrated II as
tenth graders. One-fourth of the tenth-grade students currently taking inte-
grated science have elected to take Integrated III in the eleventh grade
instead of one of the numerous specialized medical or AP classes we offer.
These students were originally placed in the integrated sequence primarily
because

- they did not make it into honors biology,

they wanted to be in a specialized hospital-work program that
offered only integrated science (by teacher's choice), or

they did not care and there was space in the classes for them.

Beginning in September 1999, all ninth graders take Integrated I. Biology,
except for AP Biology, has been dropped from our offerings. The following
year, this tenth-grade class will all be in Integrated II. Some of the highest
achievers also will take AP Biology as a second tenth-grade science course.
In eleventh grade, these students will take either Integrated III, AP
Chemistry, AP Physics, Physiology, Medical Microbiology, Biomed
Research, Medical Lab Assistance, Ophthalmological Technician, or other
electives added by that time to our program. Our integrated science courses
are taught as fully integrated courses with each teacher teaching the chem-
istry, biology, physics, and earth science components to the same class.
Although there are some advantages for students to rotate among discipline-
specific teachers as is often done in a coordinated approach, we do not think
that such rotation helps most students learn.

The 1999-2000 school year will be the third year of
our integrated science program at Bravo.

Our program has been aligned with the 1999 California State Science
Content Standards, which are as follows:

Earth Science
- Earth's Place in the Universe
- Dynamic Earth Processes
- Energy in the Earth Systems
- Biogeochemical Cycles
- Structure and Composition of the Atmosphere
- California Geology

Biology
Cell Biology

- Genetics
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- Ecology
Evolution

- Physiology

Physics

- Motion and Forces
- Conservation of Energy and Momentum
- Heat and Thermodynamics
- Waves
- Electronic and Magnetic Phenomena

Chemistry

- Atomic and Molecular Structure
- Chemical Bonds
- Conservation of Matter and Stoichiometry
- Gases and Their Properties
- Acids and Bases
- Solutions
- Chemical Thermodynamics
- Reaction Rates
- Chemical Equilibrium
- Organic and Biochemistry
- Nuclear Processes

Investigation and Experimentation

The vehicles for integration in Integrated I include one semester of an inte-
grated study of water and one semester of an integrated study of the atmos-
phere. Each semester includes basic concepts from chemistry, biology,
physics, and earth science.

In Integrated II, eleven thematic units continue the integrated
connection:

Sound Reproduction
Controlling Change
Seeing Inside the Body
Waste NotWant Not
Making Use of Oil
Sports Science
Energy Today and Tomorrow
Burning and Bonding
The Thread of Life
All Systems Go
The Earth in Space

101



Chapter 4: How Have Others Done It? 91

Due to the medical emphasis in our high school, Integrated III has a physi-
ology-based outline and applies concepts of each of the sciences to the
human body. Each concept spirals for Integrated I and II, and many will
continue into Integrated III, which is still under development.

BACKGROUND OF THE IS PROGRAM
With the district eliminating all remedial science courses in order to give
all students equal access to science literacy, in the spring of 1996 the sci-
ence department agreed to try the integrated approach for a two-year trial
as a nonthreatening way to deal with the average and below-average
student. Above-average students would continue to be scheduled into the
traditional biology, chemistry, and physics pathway. But this was not the
actual beginning of integrated science at Bravo.

At Bravo, our journey into integrated science began in 1994 when I seri-
ously started investigating in depth the question of how much discipline-
specific science knowledge one must accumulate before one could easily
make connections between the sciences in order to understand the complex
issues in our world.

Even though I have fifty years of life experiences, several
degrees, and an energetic curiosity, I still found it difficult
to make connections and have a solid understanding of the
range of complexities in our natural world. I avoided the
"tough sciences" by becoming a biology person! I found it
easier to study than to solve problems. The ability to study,
however, was not the national indicator of scientific liter-
acy. So for three years, I attended many seminars and
workshops sponsored by LAUSD and the University of CaliforniaLos
Angeles (UCLA). I finally began to understand what it might be like for a
high school student to learn what science really is.

See 'Why
Bother?" in

Chapter 1 for a
discussion of a
rationale for
integrated

science courses.

Studying Benchmarks for Science Literacy (AAAS, 1993) and the National
Science Education Standards (NRC, 1996), attending classes at Cal Poly to
add a physics supplement to my biology credential, and becoming part of
the Los Angeles Systemic Initiative in Math and Science (LA-SI) each
contributed to my behind-the-scenes preparation to promote integrated
science. During that same time, I also attended business seminars in lead-
ership training.

1 0 2
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In May 1996, I recruited a science teacher from our department who had a
chemistry-physics credential and was equally committed to the idea that all
students could learn all sciences. She was tired of being assigned only ninth-
grade classes because the more senior teachers insisted on teaching the
chemistry and physics classes. We attended an integrated/coordinated con-
ference sponsored by LA-SI and spent all of our free time pouring over inte-
grated science materials available in our district. "Yes, yes, yes, this is the way
to get our kids involved in all the sciences," became her refrain. In Sep-
tember 1997, we began teaching integrated science to half the ninth graders.
We each taught four classes and all four science disciplines. We conferred
daily during the first semester. She helped me with chemistry, and I helped
her with biology. She had an extra work period paid by LA-SI to prepare
and organize our integrated curriculum. The students engaged in integrated
water studies, several at a local pond.

"Yes, yes, yes, this is the way to get our kids involved
in all the sciences," became her refrain.

Unfortunately, during second semester, we both took on additional respon-
sibilities. She became engaged and made plans to relocate, and I became a
candidate for National Board Certification. We stopped meeting daily and
worked independently in our rooms. Although our courses were still inte-
grated, she began to emphasize the physical sciences.

In 1998, we hired a new teacher to replace the previous ninth-grade teacher
who married and relocated to another state. This new teacher also had a
chemistry credential and UCLA training in teaching integrated science. I
also recruited another teacher from the department to teach the tenth-grade
integrated classes. He had been involved in integrated science at another
school in 1991 but the program suffered from lack of financial support and

lack of appropriate curriculum materials. Another new
tenth-grade teacher was also assigned to the integrated
classes. She had several years of experience at the Jet
Propulsion Lab in Pasadena, California, and she is work-
ing toward state credentialing. Initially, she felt that inte-
grated science was for the less-able student. Now, she is
supporting our efforts to provide an academically rigorous
integrated curriculum.

See "Planning
and Taking
Action" in

Chapter 3 for
ideas about a
school-based

leadership team.

During this second year of integrated science at Bravo, I was paid a work
period by LA-SI to coordinate our curriculum, prepare labs, facilitate sched-
uling of students, and keep the integrated team informed of current reform
practices. We met as an integrated team only twice each semester because
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each teacher wanted to work through the curriculum for his or her own
class. The two tenth-grade teachers met weekly and shared labs as did the
two ninth-grade teachers. Although each teacher followed a different time
line and frequently implemented the content in a different manner, each
teacher covered the same basic concepts from chemistry, biology, physics,
and earth science. In addition, the tenth-grade teachers administered the
California Golden State Exam in Integrated Science to all of their tenth-
grade integrated science students. Results from the exam are pending.

At the end of the second year, the four teachers met to evaluate their inte-
grated experience and to more closely align the curriculum with state stan-
dards. We also met with LA-SI staff to discuss the future of integrated sci-
ence in LAUSD. They are enthusiastic advocates of the integrated approach.
During these first two years, our school received $16,000 from LA-SI for
materials and time as determined by the integrated teachers. We spent
$12,000 on supplies and $4,000 on personnel time for planning curricu-
lum. Once the department saw how the financial support benefited the pro-
gram, and because we were continuing the traditional biology, chemistry,
and physics pathway as well, the department supported this two-year trial
integrated project. After the principal and academic guidance counselors
were assured that integrated science met the University of California
entrance requirements, they too supported the implementation of the two-
year trial program.

Initially, she felt that integrated science was for the
less-able student. Now, she is supporting our efforts
to provide an academically rigorous integrated
curriculum.

We planned the full two-year cycle and agreed that we would decide whether
or not to continue at the end of this two-year period. At the end of the
second year, June 1999, we decided to continue and expand the program so
that all ninth-grade students (as of September 1999) take Integrated I and
continue the integrated sequence as tenth graders in Integrated II. Integrated
III is offered as an elective to eleventh graders.

This decision reflects an 8:4 split in philosophy within the science depart-
ment. The integrated science teachers responded to a range of accusations
and met privately to discuss how to proceed. Although there had been sev-
eral open meetings to discuss all aspects of the integrated approach during
the two pilot years, four teachers never considered the possibility that we
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would decide to continue, much less expand. Three of the four were actively
involved in the state committee that was developing the State Science
Content Standards. They felt that because the State Content Standards were
split into separate science disciplines, the courses must necessarily be split
that way also. They seemed totally unprepared for the state and district deci-
sion to test all students in all the sciences each year, making independent
courses an unreasonable and ineffective way to proceed for most students.

As we resolve conflicts within our community of
teachers, we will use many of the team-building
strategies and attitudes that we are trying to foster
among the collaborative student groups within our
classrooms.

The timing is perfect for an expansion of the integrated science program at
our school. For the current school year (1999-2000), we have hired three
new, highly qualified teachers who seem to be willing to break into teaching
by teaching an integrated approach. As we resolve conflicts within our com-
munity of teachers, we will make use of many of the team-building strate-
gies and attitudes that we are trying to foster among the collaborative stu-
dent groups within our classrooms. At present, all teachers who will be
teaching the integrated classes have decided to give it their best shot. They
are determined that, "If it can work, we will make it happen." We are trying
to woo the other four teachers. They will have this year to prepare to teach
integrated classes, to share the upper-level classes with other teachers, and to
share materials and facilities.

See Appendix A
for details about

a Concerns-
Based Adoption

Model.

To increase their competency in science content and in
inquiry-based science activities, integrated teachers will
attend a variety of seminars during the summer as well as
during the school year. These workshops are sponsored by
local agencies such as the Department of Water and Power
and LA-SI, LAUSD, AP College Board, and local univer-

sities. All teachers have checked out textbooks in all the sciences to brush up
over the summer. In May 1999, all California schools received a one-time
science materials grant of $11 per student from the state. Teachers have used
this money to purchase integrated supplies needed for this school year. LA-
SI is hoping to continue funding for our planning time.
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CONCERNS OF THE STAKEHOLDERS

TEACHERS

Teachers who are currently teaching integrated science have this to say about
the integrated approach:

"I love itit's the best approach for grades nine and ten so that the stu-
dents understand that scientific laws operate the same no matter what
the discipline."
"Very stimulating to me as a teacherlets us look in depth at major issues
such as global warming, weather, without having to tell students that they
will have to wait for their next science class to understand all aspects.),
The comment, "Maybe it's OK for low-achievers," has changed to
"Maybe we can make it rigorous enough for access into AP-level courses
for those interested in a particular pathway."
"This time, the district has backed a winner."

In addition, integrated teachers are eager to also teach AP Biology, AP
Chemistry, and AP Physics to students who have had Integrated Science I
and II because these students will have a clear idea of what the specific sci-
ence is about and how the concepts relate to the other sciences.

Teachers who are opposed to the integrated approach have this to say:

"Some sciences are just too difficult for many students to understand."
"I will never share my equipment or lab facilities with teachers of inte-
grated science."
"I will never teach an integrated science program . . . it is educationally
unsound."
"Teachers who think they are qualified to teach in an integrated
approach are just kidding themselves."

STUDENTS

Students in the integrated classes are very eager to participate in the hands-
on, inquiry learning. Because the labs are very integrated, the students must
think critically about several cross-discipline concepts after they collect data.
For example, applying gas laws to weather data or analyzing photosynthesis
based on concepts of light and energy transfer prevents the cookbook, fill-
in-the-blank, "minds-off' labs. One student summed up the integrated
approach with, "This class only asks us to answer the challenging questions."
A change in our students' attitudes toward science also can be seen in the
make-up of our annual science fair entries. There was a 70 percent increase
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in participation among our integrated classes, and, more notedly, for the
first time, an equal balance of submissions in all of the disciplines.

Students who are not in the integrated sequence think that it is impossible
to learn all four sciences each year and seem to have little understanding of
how concepts overlap in the sciences. Students in the integrated sequence
are delighted that eventually at least one portion, if not more, of the partic-
ular unit will interest them. It remains to be seen if our four students who
took AP Biology concurrently with Integrated II will do as well as those stu-
dents who took biology and then AP Biology as a second-year course.
Teachers expect that their AP results will be as good.

At each step, one is reminded that change does not
come easily and that the administration may often
have to take an active role in enforcing district policy 0

in the school.

At each step, one is reminded that change does not come easily and that the
administration may often have to take an active role in enforcing district
policy in the school. Integrated II teachers eagerly administered the
California Golden State Exam in Integrated Science to all of our Integrated
II students in 1999. It is regrettable that the school administration did not
see the value in doing a double or triple test (that is, give all Bravo students
the same Golden State Exams in Integrated Science, Biology, Physics, and
Chemistry this year regardless of the science they took) so that we could get
a baseline from the different disciplines. Paired studies of State Stanford 9
science tests for all students showed that those in integrated science
improved/regressed at the same level as those in biology or chemistry. The
district has no requirement that real analysis be done for testing. We are one
of very few schools that even tried to do paired studies for our students.
There is little organized effort to plan from our test results, although we are
given time as a department to do so. We hope that team collaboration
encouraged by LA-SI for the integrated science courses will foster increased
teacher-initiated responsibility for student learning.

PARENTS

Parents have had little to say about integrated science. This is due, in part,
to the fact that it has been only in the past year that Bravo has seriously
worked to have parental involvement. Since we are not a community school,
and since the parents of our students speak a range of primary languages, it
has been a slow process. A major concern of parents is that their students be
in honors classes if they are to bother commuting the long hours, in some
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cases three to five hours per day, to Bravo. This concern has been eliminated
at the ninth-grade level in science because, as of 1999, we no longer offer
any ninth-grade honors classes. We now offer only heterogeneous integrated
science. It is interesting to note that this was instigated at the request of the
current ninth-grade honors biology teachers who felt ninth grade was too
early to delineate students who came from dozens of different middle
schools with wide academic backgrounds. Although LAUSD insists that
tracking is not done in the public schools, I feel that the current system,
which allows schools to test students for diagnostic purposes, is often used
to unofficially track students into honors sections of otherwise regular
classes. With a rigorous academic curriculum in Integrated I and II, students
will still be able to take and succeed in our AP courses without a prerequisite
first year in that science. We anticipate that this approach, not usual in
LAUSD, will satisfy concerns that parents have for their students.

ADMINISTRATION

As long as the teachers do the work necessary to get a majority vote, our
principal is very supportive of integrated science. Likewise, all district sci-
ence supervisors and advisors are supportive. Although no one will actually
say that a school must go with an integrated approach, it is highly recom-
mended as the only way to meet the State Science Content Standards for all
students and the only way to prepare for the District/State Stanford 9 grade-
level tests. Staff development monies are made available for team planning,
and time is generously allocated for attending outside training sessions. Next
year, our principal will, for the first time, make monthly department meet-
ings a mandatory after-school event. Although this has always been allowed
in our contract, it has never before been implemented at our school. In
addition, science chairs will be expected to take a more directional role and
will, for the first time, be compensated for their time. I will be department
chair for next year, and I plan to make every effort to succeed with inte-
grated science.

SCHOOL BOARD

For five years, LA-SI has been a very well-funded grassroots project, which
has allowed many schools to begin integrated science programs. Now, the
district has taken over the administration of the project to a greater degree,
and it remains to be seen exactly what level of support will be available for
local school sites and individual teachers. I benefited greatly from the work-
shops, the opportunity to get additional credentials, expert advice, and
camaraderie. Our school board recently added several new members. Our
superintendent is very supportive of standards-based instruction, so we may
see a continuation of support for integrated science as the best route to
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implementing standards. LA-SI is compiling data related to an evaluation of
the integrated science programs in many of the district schools to present to
the school board. Once the school board has had a chance to review the
LA-SI findings, LA-SI will release the findings to the public.

COLLEGES

Even though fewer than 20 percent of our students apply to the University
of California (UC) or comparable universities, meeting the UC entrance
requirements symbolizes the only path to college at our school. Therefore, it
is great that, due to the diligent efforts of LA-SI, Integrated Science I, II,
and III are right there on the UC application list and are given equal status
with traditional biology, chemistry, and physics. Our program has not

Due to the diligent efforts of LA-SI, Integrated
Science I, II, and III are right there on the UC
application list and are given equal status with
traditional biology, chemistry, and physics.

existed long enough to have any figures about acceptance rates. I do note
that when I applied for National Board Certification, integrated science was
not an option for either portfolio work or as a category at the assessment
center. I was, however, allowed to use my integrated classes to document my
teaching practices. National Board staff called me to see which of the tradi-
tional science evaluators should evaluate my integrated entries.

CURRICULUM MATERIALS FOR THE IS PROGRAM
In May 1996, when our science department decided to implement an inte-
grated science program, another teacher and I examined the available texts.
We already had decided that, although the district gave us the option, we
were not interested in developing our own curriculum. We knew that the
new state standards might change anything we might do and that develop-
ing a program from scratch might make us very resistant to change if
needed. In addition, we did not want to set the precedent at our school that
every teacher could design an independent curriculum without following
any specific guidelines. Some schools already have found themselves in just
such dilemmas.

Instead, for a number of reasons, we selected the Grossmont series, which is
published by a tiny Southern California school district. It was rich in basic
concepts in chemistry, physics, biology, and earth science. It was truly inte-
grated in such a way that the sciences overlapped just as they do in reality.
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The study of water in the first semester revolved around a scenario in which
a town discovers its drinking water is contaminated and the students' task is
to discover the culprit. Along the way, they are engaged in chemical tests of
all kinds, biological analyses of several organisms, investigations involving
filtration systems of both the earth and the kidneys, and engineering dilem-
mas involving how the speed at which the water flows over the town dam is
affecting the oxygen content of the water. During the second semester, stu-
dents investigate several aspects related to the atmosphere.

We always can use more time and resources
for this endeavor . . .

In the second semester, a study of the electromagnetic spectrum introduces
the study of photosynthesis, which leads to a study of the greenhouse
effect. This study is entwined with both thermodynamics and a study of
breathing problems, which leads to cellular respiration, and so on. A partic-
ular challenge in teaching integrated is to balance breadth with depth.
Because this curriculum material presents concepts throughout the year in
a spiral approach, students have several opportunities to master concepts in
different contexts.

Since 1985, California teachers have generally obtained teaching credentials
in either the physical or the biological sciences. Integrated teachers are often
amazed initially to see the large number of concepts that are basic to all the
sciences. For this reason, a student gets much more than the equivalent of
just one semester of biology, chemistry, physics, and earth science in the
two-year integrated sequence. The Grossmont text leaves a lot of room for
local application to Los Angeles water and atmospheric conditions. It has
room for teacher creativity and follows the inquiry-based approach.
Furthermore, we thought it would be easy to make adjustments to it if
needed when the new state standards were approved.

Unfortunately, the second year was not available when we needed it, so with
apprehension, we ordered a different series (Prime Science, UC Berkeley,
Kendall/Hunt Publishing) for Integrated II. Actually, for our site, it turned
out best because had we been able to continue with the Grossmont series
for Integrated II, its emphasis on physiology would have duplicated what
our Integrated III will do. Integrated III will use our current physiology text
supplemented with teacher-developed materials to include concepts from
physics, earth science, chemistry, and biology. The teacher is an ophthalmol-
ogist with credentials in chemistry and biology.
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Teachers are greatly encouraged to supplement these curriculum materials,
and we are well aware that standards-based instruction encourages less
reliance on texts than did traditional science. In order to assure that all teach-
ers deal equally with all sciences and do not revert back to their own single
specialty (behind closed doors), however, we are at present encouraging each
other to cover everything in these two sets of curriculum materials. Since our
State Content Standards came out in February 1999, we have worked dili-
gently to add or delete material to our basic program so that it will be in
alignment. It has been very invigorating and slightly intimidating to the new
teachers who will begin teaching integrated in September to hear the current
teachers tossing around suggestions to add electrostatics to the weather unit
or more redox to the photosynthesis/cellular respiration section.

We always can use more time and resources for this endeavor. Recently, each
science room was upgraded to include six multimedia computers with rapid
Internet access. We also have rapid access to each other through telephone
and networked e-mail in each classroom.

ASSESSMENT
Assessment in our integrated classes is a mixture of alternative and tradi-
tional methods. While we encourage timed-practice testing using multiple
choice format to interpret graphs and data to prepare students for the stan-
dardized state exams, we use a variety of other methods to assess student

progress in course content. Written tests usually span an
issue, such as global warming, that covers several interre-
lated concepts. Journal writing, peer evaluation, and port-
folio work are encouraged. Oral presentations include
debate, role play, and discussion. Students often engage in
problem-solving activities that require them to design,
implement, and collect data from labs to support their
answers. Teachers have a variety of comfort and skill levels
with respect to implementing these approaches to assess-
ment. No one does only one kind.

See "How Do
We Assess

Learning in
Integrated

Science?" in
Chapter 2 for
ideas about

assessment in
integrated

science courses.

Under the direction of our visionary principal and her insistence that we do
what the district requires as far as discussing and planning for science
reform, our school has kept current with California educational reform. We
find that the integrated approach addresses the full scope of thematic, issues-
oriented, inquiry-based science learning that is recommended for science lit-
eracy. We struggle constantly with the issue of English as a second or third
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language and low math skills among most of our student body. Students
perform at a variety of levels on these science assessments. At first, some
rebel at having to think it out. Even more are indignant that their opinion
does not necessarily get them many points. Gradually, they become more
self-confident and more adept at looking for the science concept that is
embedded in the question. Often, they learn as much from the assessment
as they do from the preliminary studies. We stress rubrics and second
chances. We do not have data on the current, and first, set of Golden State
Exams that were administered to all our Integrated Science II students in
May 1999. When we looked at paired studies for the State Stanford 9 test,
we found the same range of improvement/regression for our integrated stu-
dents as was exhibited by students in nonintegrated classes. LA-SI is devel-
oping grade-level exams for integrated courses within the school district, but
formal evaluation is not available at this point.

Often, the students learn as much from the assessment
as they do from the preliminary studies.

PLANS FOR THE FUTURE
Because we already have made the decision to go with a full integrated
approach, we have a ready list of future plans:

make Integrated I and II so rigorous that students may go directly into
AP Biology, AP Chemistry, or AP Physics successfully. We are talking
about enrichment projects and perhaps an independent study "work-
book" format that will provide additional mathematics rigor.
secure pay for weekly after-school planning and debriefing sessions for
teachers of integrated science. We hope this increases team trust so that
no one fears "asking a dumb question" about someone else's specialty.
increase cooperative use of resources and facilities and also work out an
equitable system for sharing and replacing equipment.
work with a testing coordinator to get as many standardized testing
opportunities as possible.
work with the newly hired Achievement Council to collect and analyze
assessment data in a systematic way. Due to low achievement as meas-
ured by national testing, college entrance, SAT scores, and absentee and
dropout rates, every high school in Los Angeles has had to submit to the
superintendent a three-year plan by which the school intends to improve
student achievement. As part of our plan, we are required to hire the
independent educational advisory group, the Achievement Council, to
assist us in implementing our plan. Our plan includes two major com-
ponents that will benefit our integrated program. First, all teachers must
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_

implement collaborative work among students in every classroom.
Second, more students will be encouraged to take and be coached to
succeed in AP classes.
address the political and personal issues of teachers who are opposed to
teaching integrated science.
watch for ways to relieve stress and provide encouragement for depart-
ment members new to all of this science reform.
implement at least eight miniworkshops to be held during our manda-
tory monthly science department meetings. Topics will include inquiry-
based learning, math in the science classroom, collaborative group work,
assessing student work, and motivating students to engage in active
learning.
develop a two-year exit project for Integrated I and II since all students

will be engaged in the same science classes and curricu-
lum. The California Golden State Exam and a science fair
project each year will be part of this project. We are con-
sidering an exit portfolio, which may include exhibitions
such as video, multimedia, and models.

take time to smell the roses.

See "Evaluating
Progress and

Sustaining the
Change" in

Chapter 3 for
ideas.

Marilyn Perron has been teaching in Los Angeles city schools for seventeen years.
She is National Board Certified in Adolescent and Young Adult Science. She has
California teaching credentials in biology, physics, agriculture., psychology, sociology,
and English literature. She holds bachelor's degrees in agronomy and in behavioral
sciences and a master's degree in education. Prior to teaching she owned a business
management company in Orange Count; California.
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UTAH SCENARIO:

THE INTEGRATED SCIENCE PROGRAM AT

BEN LOMOND HIGH SCHOOL

BY

SUE FAIBISCH

DESCRIPTION OF SCHOOL
Ben Lomond High School is an inner-city, urban school located in Ogden,
Utah. The school has a population of approximately 1,500 students. Ninth
through twelfth grades are taught at Ben Lomond. The school is on a
trimester system with a freshman center that involves the teaming of science,
English, and geography teachers. Each set of three teachers makes up a fam-
ily. There are three families in the freshman center. All freshmen are included
in one of the three families. For the core classes of science, geography, and
English, the students spend the entire year with the same teachers and family.

Ben Lomond is a diverse school district. About 25 percent of the student
population is Mexican/Mexican American, 5 percent African American,
fewer than 3 percent Native American and Pacific Islander, and the remain-
ing percentage is Caucasian. It is enjoyable teaching in a school that has this
cultural diversity. There are also plenty of difficulties teaching in this type of
urban setting. Income levels are low to middle range, and many of our stu-
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dents come from single parent homes or reside with other relatives. There
are definitely those students who see no use for being in school when they
could be working and making money.

In the four years I have been at this school, I have seen a definite increase in
laziness among students. It has gotten harder to motivate them, even with
projects and hands-on activities. Frequently, students just want the answers
to questions because they do not want to think about problem solving.
There are also those students who are highly motivated and help to pull the
class out of its slump.

Because of a lack of funding, teachers often have to find external sources of
money to fund projects and field trips. These aspects of teaching make the
experience worthwhile for me, and I have actively pursued other funding to
provide my students with experiences outside the classroom. It has helped to
have a very supportive administration and board of education.

The science department has six full-time teachers, three of whom are in the
freshman center. Core science courses that are taught throughout the school
are Earth Systems, biology, chemistry, physics, human biology, anatomy and
physiology, principles of technology, Advanced Placement (AP) Chemistry,
and, when there is high enough enrollment, AP Physics. All the ninth
graders at Ben Lomond are required to take freshman science, which is Earth
Systemsan integrated science course. After the freshman year, students
may take any other science courses that they wish.

As of 1999, science requirements for graduation are two credit hours of core
science. This is in alignment with the state standard for high school gradua-
tion. Also in alignment with the state requirements, students need to choose
one class from two of the four science categories listed below. The following
courses are acceptable core courses according to state standards:

EARTH SYSTEMS

Earth Systems*
AP Environmental Science

*grade nine, required

BIOLOGY

Biology
Human Biology

AP Biology
Agricultural Biology

CHEMISTRY

Chemistry
AP Chemistry

PHYSICS

Physics
AP Physics

Principles of Technology
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At this time, standardized assessment in science classes is the end-of-level
exam given by the state. These exams are entirely multiple choice. The
teacher guidelines that come with the test specifically state that these tests
are not designed to be the only tool for assigning students a grade for a class.

Earth Systems is the ninth-grade integrated science
course. The 1998-1999 school year is the first year
that this course has been taught to Ben Lomond
ninth graders.

They are to be used in conjunction with other assessments that the individ-
ual teacher creates. Within science classes, teachers choose to assess their stu-
dents in a variety of ways: testing (multiple choice, essay, short answer,
true/false, and practical application), group projects, presentations, written
research papers, and other individual methods. This formula will change in
our district in the upcoming years. During the spring of 1998, the Ogden
City School District created a strategic plan that involves redesigning the cur-
riculum. Strategy Four of this strategic plan reads, "To develop a district-
wide curriculum design-and-delivery system to ensure all students achieve the
strategic objectives." As part of this strategy, each field of study will have spe-
cific competency-based performance standards called anchor tasks. Students
will be required to pass them before moving on. Each teacher will develop
performance tasks, which will be any major assignment a teacher chooses.

DESCRIPTION OF THE INTEGRATED SCIENCE PROGRAM
Earth Systems is the ninth-grade integrated science course. The 1998-1999
school year is the first year that this course has been taught to Ben Lomond
ninth graders. There are three ninth-grade science teachers who each teach
five sections of Earth Systems. This is the only science class that is required of
all Ben Lomond students. There are approximately 450 ninth-grade students.
There were twelve sections of Earth Systems being taught to upper-class
students (ten through twelve) during the 1998-1999 school year. During the
1997-1998 school year, there were ten sections of Earth Systems taught to
upper-class students. This course is specifically designed for the cognitive level
of ninth graders, and therefore will no longer be taught at any other grade
level after this year. Those students who fail Earth Systems in the ninth grade
are required to make up the credit during night school or summer school.

In the Utah science core curriculum, ninth-grade integrated science focuses
on the theme of "earth systems." When the scenario was written, the Utah
State Office of Education required Earth Systems to be taught to all ninth
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grades in the state. Recently this mandate was removed, although the core
concepts remain the same. The Ogden City School District still requires
Earth Systems for all ninth graders. Earth, physical, space, and life science
content are integrated in a curriculum with two primary goals:

Students will value and use science as a process of obtaining knowledge
based on observable evidence.
Students will develop an understanding of interactions and interdepend-
ence within and between earth systems and changes in earth systems
over time.

See "Why
Bother?" in

Chapter 1 for a
discussion of a

rationale for inte-
grated science.

Special emphasis in the core curriculum is given to the
effects of biological processes on earth systems. Three
major concepts underlying the operation of earth systems
may be summarized as matter cycles, energy flows, and life
webs. The web of life is intertwined with earth's energy
flow and cycles of matter. Emphasis should be placed on
the interconnections among earth's systems and on under-

standing how alterations in one part may affect the system as a whole.

The core was designed using Benchmarks for Science Literacy (AAAS, 1993)
as a guide to determine appropriate content and process skills. Core con-
cepts in science as well as skills from other curriculum areas should be
taught using integrated approaches. Technology issues and the nature of sci-
ence are infused into the core. Personal relevance of science is an important
part of this core, and teachers are encouraged to emphasize this. It is our
goal that a student's understanding of science should enable him or her to
make informed and responsible decisions.

The core was designed using Benchmarks for
Science Literacy (AAAS, 1993) as a guide to
determine appropriate content and process skills.

The goals stated in the Intended Learning Outcomes should guide instruc-
tion. Hands-on, student-centered approaches to instruction with the student
as scientist should be emphasized. Students gain enhanced understanding of
concepts and processes by "doing" science. Instruction should extend
beyond the core to meet student needs. The content and processes in this
core articulate with the rest of the science K-12 core curriculum.

At Ben Lomond, the three Earth Systems teachers try to implement lessons
in which the students are interested and that affect their lives directly. The
core has been used as a skeleton guideline for covering specific themes. Each
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teacher adds flare to the core by incorporating activities, based on his or her own
interest, that tie the core requirements together. At Ben Lomond, the ninth-grade stu-
dents in science class are always actively participating.

The following are the standards and objectives that are required in the Earth Systems
course:

Standard 3600-001: Students will investigate biological systems
and summarize relationships between systems.

Objectives

01 Analyze the functioning of a biological system.
02 Determine how systems relate within the biosphere.
03 Analyze the carbon cycle.
04 Evaluate the influence of people on the biosphere.

Standard 3600-02: Students will analyze the relationship between
the sun's energy, the atmosphere, and earth.

Objectives

01 Analyze the influence of the sun's energy on the atmosphere.
02 Using appropriate technology, analyze local atmospheric systems.
03 Determine the limitations of science and technology in

predicting and controlling the weather.

Standard 3600-03: Students will analyze the relationships between
the atmosphere and biological systems.

Objectives

01 Determine the consequences of atmospheric alteration to
biological systems.

02 Predict and illustrate future physical and biological changes on
earth based on current atmospheric trends.
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Standard 3600-04: Students will determine the importance of
water to earth systems.

Objectives

01 Relate the properties of water to earth systems.
02 Relate the importance of water resources to earth systems

(for example, life processes, geologic processes, and others
such as recreation and aesthetics).

03 Analyze the physical and biological dynamics of the oceans.

Standard 3600-05: Students will analyze earth's geologic
processes.

Objectives

01 Summarize the systemic movement of earth's crust over geo-
logic time.

02 Examine the effects of geologic processes on the surface of
earth.

03 Distinguish between theory, law, evidence, fact, and
superstition.

Standard 3600-06: Students will analyze relationships between
earth's crust and other earth systems.

Objectives

01 Analyze how geologic processes affect other earth systems.
02 Relate global and local geologic resources to the biosphere.

Standard 3600-07: Students will understand the flow of energy
into and out of earth's systems.

Objectives

01 Compare and contrast internal and external sources of energy.
02 Analyze the transfer of energy within earth systems.

Standard 3600-08: Students will investigate the universe and
earth's place in that system.

Objectives

01 Research and describe scientific theories on the origin and
structure of the universe.

02 Relate cycles of the earth, moon, and sun to earth systems.
03 Evaluate space exploration.
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Attachment: Utah Scenario at the end of this scenario is a table showing the
scope and sequence for the three integrated science courses in Utah. As of
now, there is not enough communication between the seventh-, eighth-, and
ninth-grade science teachers for this table to be accurate in the Ogden City
School District. With two feeder middle schools to Ben Lomond, some stu-
dents are coming into ninth-grade science having done requirements that are
meant for the ninth-grade course and some are not. This has posed a great
challenge in creating this new course at the ninth-grade level.

BACKGROUND OF THE IS PROGRAM
Every ten years, the state science core undergoes a revision. Based on
research discussed in Benchmarks suggesting that biology is not age appropri-
ate for ninth graders, and because students also were not receiving any foun-
dation on which to base higher-level science, the State Office of Education
science coordinator decided to get a group of teachers together to create the
integrated science program. The Utah State Office of Education held meet-
ings around the state and invited all science teachers to give input on what
to do about this situation. Eight to ten teachers rewrote the science core to
include Earth Systems. The intent of this course is to (1)
create a foundation of basic science process skills and
concepts that students could use in higher-level science
courses and (2) create a course that looked at science as a
whole, not as isolated disciplines.

See Chapter 3 for
a discussion of

decision making
and planning.

The course was field tested for one year. After the year, teachers who partici-
pated in the field testing came together to give feedback on the course. The
development of this course was a two-year process, and the end result was
based on both national research and teacher input. In 1995, the new core
was published. Schools were given three years to implement the Earth
Systems course before the State Office of Education began requiring the
end-of-level exam. This was to allow schools the time to certify teachers in
integrated science and to prepare materials to teach the new curriculum.

None of the current Ben Lomond teachers chose to be involved in the
decision-making process, so when the final core curriculum was released,
some Ben Lomond teachers were unprepared to implement the curriculum.
Once the decision was made to incorporate Earth Systems into Ben
Lomond, the administration and the district financially supported those
teachers who pursued the integrated science endorsement. For supplies and
materials to teach this new course, teachers had to rely on the $200 given to
each teacher from the science budget at the beginning of the year along with
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any lab fees ($5 per year per student) that were collected. Because our school
is an urban school, there are many low-income families that fall under fee
waiver. This has posed some difficulty for science teachers in purchasing
supplies and equipment necessary to adequately teach any science.

For two years, there has been no text to accompany the Earth Systems
course. For the 1999-2000 and 2000-2001 school years, the science depart-
ment has allotted its annual $5,000 book fund to buy books for Earth
Systems. Because this integrated course is very hands-on, having no text has
not mattered much. Teachers have to be more creative with their approach
to lessons, but a text would have been useful to the students for research and
background information. During the spring of 1998, our department wrote
three small grants, which our district approved. Together, these grants
increased the Earth Systems budget for materials and equipment to about
$3,200. During the 1998-1999 school year, a retired science teacher who is
on the Ogden School Foundations Board made a push for our science
department to receive an additional $5,000 from the foundation to help
purchase additional materials. The school district agreed to provide a match-
ing $5,000, although there were stipulations on how we spent this money.
This unexpected $10,000 helped our science department purchase supplies
and equipment to teach Earth Systems as well as the other science courses;
textbook purchases would fall into a different category.

The three science teachers in the freshman center are teaching Earth
Systems. Before Earth Systems was implemented into the freshman center,
freshmen took biology. All three teachers were endorsed in biology. At the
time of the change, one ninth-grade teacher switched with an upper-level
teacher who was endorsed in integrated science. Of the remaining two fresh-
man science teachers, one now has the integrated science endorsement and
the other is considering finding a new job.

CONCERNS OF THE STAKEHOLDERS

TEACHERS

In 1995, two of the three ninth-grade teachers and the principal at Ben
Lomond did not agree with the state science coordinator's decision to imple-
ment an integrated science program in the ninth grade. Biology was the class

being taught, and two of the three teachers were adamant
about continuing to teach biology. A meeting was held
with the secondary science teachers from the two high
schools in the district, both high school principals, dis-
trict science personnel, and the state science coordinator.

See Chapter 3 for
a detailed look at
the concerns of
stakeholders.
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This meeting was put together by a former Ben Lomond science teacher,
who was one of the original developers of the new core, and the ninth-grade
principal. The purpose of the meeting was to discuss implementing Earth
Systems into the ninth grade at our school. The discussion was heated.
Because the state science coordinator made a statement that implied imple-
menting this course was optional, the principal of Ben Lomond decided
that we would continue to teach biology in the freshman center.

During the 1996-1997 school year, the state science coordinator informed
Ben Lomond administration that indeed, we were required to teach Earth
Systems. The administration decided, after some teacher input, that our
school would teach Earth Systems to tenth- through twelfth-grade students
who needed another science credit to meet graduation requirements. In the
year 1997-1998, upper-class students filled ten sections of Earth Systems.
Later the same year, the State Office of Education informed our administra-
tion that the Earth Systems course was designed for the cognitive level of
ninth-grade students only, and it was inappropriate for the course to be
taught to upper-level students. As a result, during the 1998-1999 school
year, Earth Systems was implemented in the freshman center. Because of
prior registration, however, we offered twelve sections of Earth Systems to
upper-class students for the last time. The upper-level teachers who have
been teaching Earth Systems for the past two years are glad to have more sec-
tions of traditional science courses. While we were offering Earth Systems to
the upper-class students, the enrollment in all other science courses dropped.
Now, however, registration for the 1999-2000 school year shows there is a
definite increase in enrollment for biology, chemistry, and physics. Of the
three teachers teaching Earth Systems in the freshman center, two are con-
tent with continuing to teach the course; the one teacher who was not
pleased with the change from the beginning plans to become a guidance
counselor.

STUDENTS AND PARENTS

The freshman center has existed for four years. Although the majority of the
freshmen are content, every year some students complain about being
required to be in the freshman center. These students would like to be
allowed to take classes like the upper-class students. Generally, parents like
the student in the same class with the same teacher for the entire year. From
my experience teaching Earth Systems to the freshmen for the first time, it
seems that the students like the hands-on aspect of this course. At the
beginning of the 1998-1999 school year, only one student and his parent
complained that the course was too easy for him.
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During our parent night for the freshman center, about one-third of the par-
ents and students participate; the same holds true for the two parent-teacher
conferences during the year. Of those parents, none have had complaints
about the science course. In fact, parents have made comments that their
child likes "doing" things during science. According to ninth-grade science
teachers and school guidance counselors, no parents have made comments
one way or the other about the change in curriculum for the ninth-grade
science core.

Now that the curriculum has changed, the administration has been very
supportive and has allowed the teachers to "do what is good for kids"
(Ogden City School District superintendent) with respect to the integrated
science course. District personnel have been fairly hands off with respect to
how the teachers are teaching Earth Systems. By matching a $5,000 grant
during the 1998-1999 school year, the district demonstrated its financial
support of the program.

Because the freshman center is the ideal teaching scenario, the science
teachers have ample opportunity to team teach with the geography and
English teachers. Teachers' schedules are flexible enough in the family setting
that whenever more time is needed for certain activities, the team teachers
easily adjust their family schedule without needing to seek permission from
the administration.

ADMINISTRATION

The district science coordinator has been helpful in finding professional
development opportunities. Because Ben Lomond was given Centennial
School status in 1995, there has been extra money to plan course work and
to provide opportunities for teachers to attend professional development
courses. Unfortunately, after the 1998-1999 school year, there will be no
more money available from this source. The district will allow one paid sub-
stitute per teacher for a professional development course per school year.
The science teachers, however, may request further funding through the
Eisenhower funds the district receives.

SCHOOL BOARD

The school board did not play a specific role in implementing integrated sci-
ence in Ben Lomond High School. Because the integrated science curricu-
lum allows for many creative project ideas, students, however, have devel-
oped projects in which they have needed permission from the school board.
All experiences I have had with the school board with respect to Earth
Systems projects have been overwhelmingly supportive. All of the board
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members buy into the district's mission statement that "If it's good for kids
[educational experiences], then why not try it."

COLLEGES

According to the Utah State Office of Education, Earth Systems is a course
that is accepted by colleges and universities. Earth Systems is considered a
core science class and not an elective. From data our district collects each
year on seniors going on to higher education, approximately 20 percent go
on to two-year schools and 35 percent go on to four-year schools. These
percentages include all educational training beyond high school such as
vocational and university. Because integrated science is so new in our school,
only a small percentage of seniors this year have taken Earth Systems. It will
be another four years before the present freshmen graduate from Ben
Lomond and move on to other educational experiences.

CURRICULUM MATERIALS FOR THE IS PROGRAM
Each teacher has a copy of the state core curriculum for secondary science
courses. It is up to the individual teacher to decide how to teach the core
standards and objectives. This allows for a lot of creativity based on an indi-
vidual teacher's talents. At Ben Lomond, the three ninth-grade science
teachers share ideas and talk about where they are in the curriculum, but
they do not teach identical activities or lectures. Because teachers share ideas,
there is some overlap in activities, but for the most part, the core is taught in
different ways.

Since Earth Systems has been taught at Ben Lomond, there have been no
textbooks. The district and the school have not allotted any extra money for
the purchase of textbooks. At the end of the 1998-1999 school year, the
three teachers liked teaching without a textbook, although for students who
missed a lot of class time, a text could have been beneficial in helping them
catch up on material. Without a text, teachers use a wide variety of other
resources to cover core material. For example, teachers use readings from
current newspapers and journals to practice reading skills and to tie Earth
Systems to the real world. Recently, the science department cochairs, both of
whom are Earth Systems teachers, have been investigating what text to use
to enhance the Earth Systems course. They have decided that within the
next two years a combined series of Prentice Hall Science Explorer books will
be purchased.

I have enjoyed creating my own curriculum, although it has been exception-
ally time consuming. Even though we may be purchasing textbooks soon, I
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will continue to use the ideas developed this year and perfect them. Time has
been the most limiting factor in developing curriculum. Now that the first
year of development is finished, the upcoming years will allow for refinement.

ASSESSMENT
Throughout the year, students are assessed on their progress through the use
of tests and quizzes as well as group and individual projects. From my expe-
rience teaching biology and Earth Systems, there is no difference in assess-
ment techniques for the integrated science and the discipline-specific course.
We use a combination of strategies such as research projects, experimental
design and implementation, presentations, short answers, essays, and practi-
cal tests. At the end of the course, there is a state end-of-level exam that all
Earth Systems students take. Because the freshman center teachers believe
cross-discipline instruction is important, there is definite interdisciplinary
assessment by all three family teachers (English, geography, and Earth

Systems). Because this type of assessment is new to the
students, it takes some adjusting to on their part, but
overall, those students who put forth at least some effort
do better in all three core classes. Those students who do
not participate in these interdisciplinary assignments do
worse in all three core classes.

See "How Do We
Assess Learning in

Integrated
Science?" in
Chapter 2.

Because this was the first year Earth Systems was taught in the freshman
center, as one might expect, the results on the state end-of-level exam were
fairly low. The following are the percentage grades of 301 students based
on an AF grade scale: 8 percent - A, 18 percent - B, 25 percent - C, 15
percent - D, and 35 percent - E

PLANS FOR THE FUTURE
There are no current plans to expand integrated science in our school or dis-
trict, other than to refine the teaching of our seventh-, eighth-, and ninth-
grade science state core curriculum. At the present time, there is not ade-
quate communication among these three grades to have any real articulation
between them. Because all three years are integrated science, there needs to
be some communication between the science teachers of all three grades. As
a ninth-grade teacher, I know that there have been numerous occasions
when there has been too much overlap between what students did in sev-
enth and eighth grade and what they are supposed to do in ninth grade.
There also is the problem that the two middle schools that feed into Ben
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Lomond High School do not communicate with each other. When the stu-
dents from these two schools meet in our classes, there is always a tremen-
dous amount of discrepancy in their past experience with science and in
their current knowledge. In four years, I have not been aware of any time
when the two middle schools and the high school science teachers met to
discuss the scope and sequence for the integrated science classes. I believe
this is the direction in which our district must move to adequately teach the
three years of integrated science.

As previously stated, Earth Systems was implemented at Ben Lomond for
upper-class students who had failed biology and needed science credit to
graduate. According to the guidance counselors, none of the students who
has taken Earth Systems as a back-up science class is college bound. Now
that Earth Systems is required for all ninth-grade students, there will be
some who pursue a college degree.

A separate comparison was made among the classes of one ninth-grade
teacher who taught ninth-grade classes of Earth Systems and one section of
upper-class Earth Systems. Of 125 ninth-grade students, the grades were: 0
percent - A, 9 percent - B, 21 percent C, 18 percent - D, 52 percent - F
Of twenty upper-class students, 0 percent - A, 5 percent - B, 15 percent - C,
20 percent - D, 60 percent - F. According to the school's guidance coun-
selors, these students are poor attendees, not college bound, and are strug-
gling to make the minimum requirements in science for graduation. This is
the first year for giving this end-of-level exam, so there are no previous
scores with which to compare these. Without having the previous three
years' biology test scores, it is hard to make a comparison between the two
different science classes for ninth-grade students.

OTHER CHARACTERISTICS OF THE IS
PROGRAM OR EXPERIENCE

Because this is the first year of integrated science in Ben Lomond's freshman
center, teachers are working on making the course a truly integrated/inter-
disciplinary science course. One such example is a culture project in which
students write a research paper on a culture of their choice and then, with a
team of students, design their own culture. All three science teachers have
teamed with their fellow English and geography teachers to develop interdis-
ciplinary assignments. Some of these assignments are one-day activities,
others are trimester-long projects. All the freshman center teachers help to
make the interdisciplinary aspect of education work. The science teachers
have made sure to include field study projects that get the students out of
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the classroom and into the environment the students are studying. For the
upcoming school years, the teachers will be working on fine tuning these
projects as well as developing more real science opportunities.

Before moving to classroom teaching, Sue Faibisch was an environmental educator
in New York, Massachusetts, and California. She has taught ninth grade
science at Ben Lomond High School since 1995. For the past two years, she has
been a science department cochair. Her bachelor's degree is in biology as is her
master of arts in teaching (MAT) degree. She has written numerous grants to
enhance her science teaching and is a firm believer in project-based learning. She
has received two teaching awards in the past two years: the Focus on Excellence
Award given by the Ogden City Board of Education, and the Water Educator of
the Year Award given by the Utah State Division of Water Resources. She has
been involved as a presenter /instructor for the Weber State University/Utah State
Office of Education First Year Science Teacher's Workshop and as a facilitator for
Project WET (Water Education for Teachers).
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ATTACHMENT: UTAH SCENARIO

SCOPE AND SEQUENCE OF TOPICS/STANDARDS

SEVENTH- AND EIGHTH-GRADE INTEGRATED SCIENCE

AND NINTH-GRADE EARTH SYSTEMS

Science Domain
Grade

Seventh Eighth

Energy
Magnets, heat, light, electricity, sound, work, and
machines

3240-03

3240-04

3600-07

Students will relate forces and energy to
motion.

Students will construct various machines and
compare the work done by them.

Students will understand the flow of energy
into and out of earth systems.

Chemistry
Air, water, matter, weather, soil, rocks and minerals

3200-01

3240-01

3240-05

3600-04

Students will evaluate the particulate nature
of matter.

Students will observe and describe chemical
and physical change.*

Students will investigate changes in earth's
crust and climate.*

Students will determine the importance of
water to earth systems.

Living Things
Animals, plants, microorganisms, ecology

3200-03

3200-04

Students will understand structure and func-
tion of cells and organisms.

Students will understand reproduction and
heredity of organisms.

* Indicates this Core standard is cross-listed in another science domain.
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(continued) Seventh Eighth

Living Things
Animals, plants, microorganisms, ecology

3200-05

3600-01

3240-02

Students will create, use, and understand the
application of classification schemes.

Students will investigate biological systems and
summarize relationships between systems!

Students will investigate changes in biological
energy.*

X

Physical Earth
Geological features, natural resources

3200-02

3240-01

3240-02

3240-05

3600-03

3600-05

3600-06

Students will compare and contrast the struc-
ture of earth's crust and interior.

Students will observe and describe chemical
and physical change.*

Students will investigate changes in biological
energy.*

Students will investigate changes in earth's
crust and climate.*

Students will analyze the relationship between
the atmosphere and biological systems.

Students will analyze earth's geologic
processes.

Students will analyze relationships between
earth's crust and other earth systems.

X

X

X

Space
Earth-sun-moon relationships, solar system, universe

3600-02

3600-03

3600-08

Students will analyze the relationship between
the sun's energy, the atmosphere, and
earth.

Students will analyze the relationship between
the atmosphere and biological systems!

Students will investigate the universe and
earth's place in that system. X
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FLORIDA SCENARIO:

INTEGRATED SCIENCE IN

BREVARD PUBLIC SCHOOL DISTRICT

BY

GINGER DAVIS AND RAUL MONIES

DESCRIPTION OF SCHOOL

BREVARD PUBLIC SCHOOLS

Brevard County, in East Central Florida, is called "The Space Coast"
because it is home to both the Kennedy Space Center and miles of wide
Atlantic coast beaches. Port Canaveral, Indian River Lagoon, Florida
Institute of Technology, Harris Corporation Headquarters, and Ron Jon
Surf Shop are also significant to the diverse economy and lifestyles of
Brevard. The Brevard Public School District is the forty-seventh largest dis-
trict in the nation and the ninth largest in Florida. It serves 70,000 students
in ninety-seven schools. Thirty-four percent of our students live in low-
income households. Seventy-nine percent of our students are Caucasian, 14
percent are African American, 4 percent are Hispanic, 2 percent are Asian,
and 1 percent are from other racial and ethnic groups. Fifteen percent of our
student population has been identified as "disabled," 7 percent as "gifted."
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SCIENCE IN BREVARD

The Brevard Public School District has defined an articulated PreK-12
science sequence. Brevard's Science Spiral Progression identifies core science
concepts and skills at each grade level, which are aligned with state and
national standards. This work has been widely shared with and used by
schools across the nation. Three science credits are required to graduate from
Brevard's high schools. Any three science credits once fulfilled this require-
ment, but beginning with the graduating class of 2000, students must com-
plete the three-year integrated science sequence or biology, chemistry, and
physics in order to graduate. Both sequences are offered at regular and honors
levels. Students are encouraged to also take a fourth year of science, and have
many courses from which to choose, including Advanced Placement (AP) sci-
ence courses, anatomy and physiology, marine science, and Integrated Science
IV. Brevard also boasts a successful Science Research Program, offered at each
secondary school for elective credit, in which students work under the direc-
tion of a science teacher on original scientific research.

DESCRIPTION OF THE
INTEGRATED SCIENCE PROGRAM

One hundred percent of students in grades PreK-8 participate in an inte-
grated science curriculum as outlined in our Spiral Progression. At the ele-
mentary school level, it is simply called "Science," and at the middle school
level the courses are called "Comprehensive Science" to be consistent with
state course titles. In grades nine through twelve, students have the option of
continuing in the Spiral Progression by taking Integrated Science I, II, and
III, or of taking biology, chemistry, and physics. As of January 1999, 55 per-
cent of students were enrolled in the core integrated sequence (20 percent in
honors, 80 percent in regular), and 45 percent were enrolled in the tradi-
tional core courses (55 percent in honors, 45 percent in regular).

Each integrated science course addresses standards across eight strands of sci-
ence, which are coordinated around a unifying theme: The Nature of Matter;
Energy; Force and Motion; Processes That Shape the Earth; Earth in Space;
Processes of Life; How Living Things Interact with Their Environment; and
The Nature of Science. Attachment: Florida Scenario at the end of this sce-
nario provides more detail about these strands. There is an emphasis on devel-
oping concepts, connections, and thinking skills while guiding students to
learn at successively higher levels of abstraction each year. Instructional strate-
gies are designed to actively engage students and to accommodate diverse
learning styles. The standards and topics for the honors and regular courses
are similar, and both levels are designed to be relevant and challenging. The

131



Chapter 4: How Have Others Done It? 121

primary difference lies in the level at which students are required to function.
Honors classes put more focus on analysis, synthesis, and evaluation skills.
Regular classes spend more time on comprehension and application.

BACKGROUND OF THE IS PROGRAM
In 1993, concerned educators in Brevard identified improved scientific liter-
acy for all students as a priority issue. Areas of concern included inability of
students to apply scientific concepts to real-world situations, large numbers
of students graduating without chemistry or physics knowledge, underrepre-
sentation of minorities in high-level courses, and a common perception
among students that science was boring and irrelevant. In light of the
mounting evidence that scientific literacy is essential in our technological
society, the need for science reform seemed clear.

Brevard's Science Leadership Team, comprised of teachers
representing a wide spectrum of experiences and philoso-
phies, was established to research potential solutions.
Efforts focused on studies in science education, national
and international standards, and research in learning.
Each team member was responsible for seeking input from administrators,
parents, students, and fellow teachers throughout the process. The team was
concerned with the K-12 curriculum and its articulation. This broad vision
was important, but also contributed to the complexity of the task.

See Chapter 3 for
details about
planning and

decision making.

When the team first convened, there were still the questions Why integrated
science? and Why change at all? Due to the diversity of the team, agreement
about a range of issues, initially, was difficult to achieve. Team members had
different definitions of integrated science and different philosophies about
the content of integrated science. At the high school level, it was difficult to
think about the traditional content in biology, chemistry, and physics in
light of the state's new eight strands. It also was difficult to try to determine
when during a three-year sequence certain topics should be covered. The
team used both Project 2061's Benchmarks (AAAS, 1993) and NSTA's Scope,
Sequence, and Coordination to make these decisions. The process was long
and required extended dialogue.

Finally, the team endorsed the statement "Student Needs Are Our First
Priority" as its guiding principle. From that point on, consensus on other
issues was achieved more easily. After extensive study and discussion, the
team reached consensus that it would recommend a high-level integrated
science curriculum for all students in Brevard.
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PROFESSIONAL DEVELOPMENT

Professional development for science teachers is a high priority, and training
opportunities have been extensive, especially for integrated science teachers.
The training needs of all secondary science teachers were assessed, and
opportunities were provided to assure that every need was addressed. Topics
included research in learning, laboratory techniques, best practices, science
in the workplace, science in daily life, use of advanced technology, national
education reform efforts, curriculum integration strategies, assessment, con-
tent updates, and current issues in science.

See "Supporting

Change through

Professional
Development" in

Chapter 2.

Some teachers, of course, struggled with the added
requirements, so a range of incentives was established.
One of the most helpful things the district did was to
provide a wide range of delivery methods for these pro-
fessional development opportunities. We hoped that if
we offered enough diversity in access, we would be able

to meet the preferences of a wide target group. We offered the following:
after-school workshops; one-day workshops; one-, two-, and three-week
institutes; graduate credit seminars at Florida Institute of Technology; a
behind-the-scenes, two-week institute at NASA; full-day workshops at
Harris Corporation Headquarters; and workshops at Florida Solar Energy
Center, Brevard Zoo, U.S. Space Camp, and Astronaut Memorial
Foundation.

For one full year, teachers were also invited to select and take college courses,
at institutions of their choice, to update and enhance knowledge and skills.
Tuition and books were paid for by grants the district received, and teachers
who successfully completed all requirements were paid for their time. In
addition, interested teachers were funded to participate in state and national
science conferences and conventions. There has also been an emphasis on
vertical communication among PreK-12 teachers of science within feeder
systems (elementary, middle, and high schools serving the same students).
Funding support has been provided to promote articulation, planning, prob-
lem solving, project development, and training within feeder systems, with a
focus on addressing the Science Spiral Progression and the needs of students as
they learn. This approach has been well received and productive.

It also is important to point out that the time line that the district devel-
oped for implementing integrated science was gradual enough so that teach-
ers, administrators, and schools could prepare.
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Fall 1993:

TIME LINE FOR CHANGE

Science Leadership Team recommends integrated
science.

Spring 1994: Teacher workshops and graduate-level seminars begin.

Summer 1994: Science Leadership Team produces Scientific Literacy
for AIL

Fall 1994:

Winter 1994-
1995:

Spring 1995:

Comprehensive (Integrated) Science begins in middle
schools.

Teacher training opportunities continue.

Grant proposal submitted.
Teacher training opportunities continue.

Notification of grant award to support reform efforts
received.

Teacher training opportunities continue.
Graduate-level seminar offered.
Paid college course opportunities begin.
Paid teacher-planning/articulation opportunities begin.

Summer 1995:

Fall 1995:

Winter 1995
1996:

Spring 1996:

Summer institute at NASA for Brevard teachers held.
Teacher training opportunities continue.
Scientific Literacy for All revised and expanded.
Integrated Science curriculum guide produced.

Seven schools initiate early implementation of
integrated science in grade nine.
Formal training-needs assessment performed.
Teacher training opportunities continue.

Teacher training opportunities continue.

Science advisory council established.
Graduate-level seminar offered.
Teacher training opportunities continue.
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Summer 1996:

Fall 1996:

Winter 1996
1997:

Spring 1997:

Teacher training opportunities continue.
Letters sent to colleges nationwide requesting
acceptance of integrated science.
Integrated Science curriculum guides expanded.

All district ninth-grade students have opportunity to
enroll in integrated science (tenth grade for early
starters).
Teacher training opportunities continue.

School board approves strengthened graduation
requirements for science.
Teacher training opportunities continue.

Teacher training opportunities continue.

Fall 1997:

Winter 1997
Summer 1998:

Integrated science available to all ninth- and tenth-
grade students (eleventh grade for early starters).
Teacher training opportunities continue.

Teacher training opportunities continue.

Fall 1998:

Winter 1998-
1999:

Spring 1999:

Integrated science available to all ninth-, tenth-, and
eleventh-grade students (twelfth grade for early
starters).

Teacher training opportunities continue.

Teacher training opportunities continue.

Early starters graduate in first integrated science class.
Teacher training opportunities continue.

Summer 1999: Teacher training opportunities continue.
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SUPPORT

The greatest expense related to integrated science is professional develop-
ment, which has been an investment from which many teachers and their
students have benefited. Most of our professional development activities are
supported with existing resources, primarily Title II funds. Workshops tar-
geting integrated science teachers address topics, skills, and issues of interest
to most science teachers, so that all of our science teachers have had oppor-
tunities to participate, learn, and grow. District funds were used for the
development of curriculum documents, again within our existing funding
structure. We received an $80,000 State Department of Energy grant, which
gave us a nice funding boost and allowed us to increase opportunities for
teachers, including paid teacher articulation time and college courses. Also,
many of our local institutions committed their support to helping us accom-
plish our curriculum and instruction goals. (In most cases, this support
involves services rather than dollars.) Among the agencies providing support.
are NASA, Harris Corporation, Florida Institute of Technology, University
of Central Florida, Brevard Community College, Brevard Zoo, Florida Solar
Energy Center, Brevard Museum of Art and Science, Canaveral Council of
Technical Societies, Boeing Company, Department of Natural Resources,
U.S. Space Camp, and University of Florida Cooperative Extension Service.

CONCERNS OF THE STAKEHOLDERS

TEACHERS

Brevard has approximately fifty teachers who teach inte-
grated science at the high school level. Because the cur-
riculum is challenging, our deputy superintendent for
school operations requested that principals select their
most highly skilled teachers to teach integrated science. In
reality, teachers often select themselves. Integrated science tends to attract
our young teachers and our more innovative teachers, while many of our
older, more established teachers prefer the traditional curriculum. (This
seems to be the pattern for most change efforts.)

See Chapter 3
for details on
concerns of

stakeholders.

Some of the more experienced teachers do not see the benefit of integrated
science and still think that the district should not have made any changes.
Other experienced teachers see the benefit of integrated science, but do not
want to teach it themselves, either because they are not inclined toward
change, or they do not feel competent enough to teach out-of-field and do
not want to do the extra work required to become competent. In Brevard
County, teaching assignments are based on teacher certification, course
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offerings, and student selections. In some cases, there are teachers teaching
integrated science who do not wish to do so, and in other cases there are
teachers teaching traditional courses who do not wish to do so.

The more that teachers have taken advantage of the professional development
opportunities available to them, the more they have embraced integrated sci-
ence. Also, the longer a teacher teaches integrated science, the more he or she
seems to enjoy it. Some of the integrated science program's biggest adversaries
initially are now among its greatest advocates. The integrated science program
has encouraged increased communication and teamwork within school sci-
ence departments as well as throughout the district. The emphasis on prob-
lem solving, relevance, and active engagement of students has had a positive
impact on both integrated science and traditional classrooms.

The characteristics that I enjoy about teaching inte-
grated science are flexibility and motivation that are
inherent with this approach to science. Integrated
science empowers intelligence, creativity, and origi-
nality, and I think that the combination is a defi-
nite plus for the students.

John Latherow, Teacher, Cocoa High School

STUDENTS

Fifty-five percent of our high school students were enrolled in Integrated
Science I, II, or III during the school year 1998-1999. Thirty-one percent
of students in core honors science classes were enrolled in integrated science,
which represents 20 percent of the total integrated science enrollment. Sixty-
eight percent of students in regular core science classes were enrolled in inte-
grated science, which represents 80 percent of the total integrated science
enrollment. An even greater enrollment is projected for 1999-2000. Also, in
the fall of 1999, at least three schools will have full classes of Integrated
Science IV, which will exceed the three-credit requirement for graduation.
Student response has been positive, especially in our stronger school pro-
grams. Student response also seems to be more enthusiastic the longer the
student has been in the program. Additional information needs to be col-
lected and analyzed, but it appears that now more students are enjoying sci-
ence and that more students are choosing to take an optional fourth year of
science than before integrated science was implemented. Also, district sec-
ondary science scores have gone up every year since our reform efforts were
initiated. Nationally normed CTB Terra Nova tests, administered in spring
1999, show that 41 percent of our ninth-grade students scored in the upper
quartile in science and that 71 percent of our students performed above the
national average in science. This represents significant growth.
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Integrated science provides a means to show how all
areas of science share a common relationship. By
integrating areas of science, we are equipped with a
powerful tool to face future challenges.

Jay Michaels, Eleventh-Grade Student,
Cocoa High School, 1999 International
Science and Engineering Fair Winner

PARENTS

Initially, there were strong parent concerns about integrated science, particu-
larly as it related to college admissions. These concerns were voiced in a
range of waysthrough phone calls, letters of concern, and open school
board meetings. There were also strong supporters of integrated science, but
the opponents were more vocal. A Science Advisory Council was formed in
response to the parents' concerns. This advisory council was made up of par-
ents, teachers, school district personnel, community educators, and business
leaders. The school board, along with the assistance of the Science Advisory
Council, held informational meetings and provided parents and students
with documentation about the proposed integrated science courses as a way
of addressing their concerns.

Due largely to the concerns expressed by parents, it was determined that
both the integrated and the traditional sequence would be offered to all sec-
ondary students, rather than an integrated science sequence for all students
as originally proposed by the Science Leadership Team. As positive responses
were received from colleges and as parents learned more about integrated
science, attitudes have become more positive. Many parents have expressed
that these courses have stimulated an interest in science by their children
that was not previously apparent. Other parents have been pleased with their
children's success in learning challenging concepts. Parents who do not
understand or support integrated science can and do encourage their chil-
dren to enroll in the traditional sequence. Ultimately, it was parent support
that encouraged our school board to approve implementation plans for inte-
grated science.

Integrated science provided my son with a challeng-
ing science education that met his needs. Not only
did he gain knowledge, but learned to see, appreci-
ate, and be thoughtful about the application of sci-
ence all around him. My son was accepted to the
college of his choice and also received a scholarship.

Rochelle Cisneros, Parent
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ADMINISTRATION

School and district-level administrators in the Brevard Public School District
have been extremely supportive of district science reform efforts, including
integrated science. Although change necessarily creates more burdens for the
administrator, most have a strong understanding of the need for change and
have put their full support behind these efforts. Both the deputy superin-
tendent for school operations and the director of secondary programs are
extremely knowledgeable and supportive of the integrated science program.
The time, effort, and resources they have committed to integrated science
have been significant to its success.

Specific principals may be less supportive of integrated science, and in these
cases, students' options to take integrated science may be limited. In such
cases, the integrated science classes may end up as remedial classes. The
incentive to support integrated science is quite strong, however, and if a
principal does not support the program, eventually there would be conse-
quences such as loss of funding for implementing integrated science, loss of
professional development resources such as in-services, and likely some loss
of professional repute in the science community.

For the most part, principals have been strong supporters of this change.
Several principals have supplied additional school-level resources to their
teachers in support of integrated science, above and beyond the district-level
resources provided.

I have followed the evolution of integrated science
at the high school level for the past several years. I
have found that students benefit from the exposure
to the many science disciplines. Teachers are able to
offer varied lessons to students, which helps keep
them involved, interested, and above all else, learn-
ing science.

Robert Clay Hutchinson, Assistant Principal
Cocoa High School

SCHOOL BOARD

The school board of Brevard County is an elected body, with all the political
concerns typical to elected officials. The composition of the board changes
every two years, bringing new faces and opinions. In November 1994, the
efforts and recommendations of the Science Leadership Team were publicly
commended by a school board member. By November 1995, these same
efforts were questioned by school board members. A major concern of the
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board was the removal of the traditional track of biology, chemistry, and
physics. The Science Advisory Council and district personnel clearly demon-
strated to the board through a number of presentations and reports that
there was a need for increasing science knowledge among all students and
for requiring all students to take more science. In 1994-1995, only 32 per-
cent of the district students were completing the traditional track. In January
1997, following many months of meetings and important dialogue, the
school board approved strengthening our science graduation requirements by
requiring students to earn their three science credits in a core sequence of
either integrated science or biology, chemistry, and physics. The current
school board has requested and receives quarterly reports on the success of
integrated science.

I want to express my sincere appreciation for the
document Scientific Literacy for All that you pro-
duced last summer.... The exciting, creative, inno-
vative, and motivating strategies you are introduc-
ing to Brevard students will truly prepare them for
the twenty-first century.

Dr. Patricia Manning, Retired,
University of Central Florida,
Former School Board Member

SCIENCE ADVISORY COUNCIL

The Brevard Science Advisory Council was established in 1996 to facilitate
collaboration among local stakeholders who are committed to excellence in
science education. This group comprises educators, parents, scientists, engi-
neers, college faculty, and other community members. It helps identify
resources within our community and provides input on the future of sci-
ence education in Brevard. This group was instrumental in prompting the
school board to strengthen graduation requirements in science. It also has
helped to develop a Web page of resources for local science teachers, is
reviewing grant possibilities for our science programs, and assists in identi-
fying and providing learning opportunities for teachers and students. The
open communication among the members of the Science Advisory Council
has contributed to a greater understanding of integrated science within the
community and has assisted us in our efforts to gain support for quality sci-
ence education programs.

COLLEGES

Our district sent letters to colleges and universities across the nation explain-
ing Brevard's integrated science courses and requesting approval. As of June
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1999, all responses have been supportive. Among the positive responders
were Stanford University, Georgetown University, Yale University, and the
U.S. Air Force Academy. The district office has received a few questions
regarding scholarships and weighted grade-point averages, each of which has
been resolved in favor of the student thus far. We also have received a call
from a parent eager to enroll his daughter in integrated science because his
recently graduated son was granted a year of college science credit as a result
of his integrated science background. Because integrated science is still a rel-
atively new course, we expect there will be a continued need to communi-
cate with college admissions offices to assure that they recognize and under-
stand the course titles and numbers.

I applaud your efforts to improve science educa-
tion. Let me assure you that your students will be
at no disadvantage in competing for admission to
Yale.

Kenneth Andersen III, Science and
Engineering Coordinator,
Yale University

We are pleased to consider applicants who have fol-
lowed this course of study in the sciences.

James Montoya, Dean of Admissions,
Stanford University

CURRICULUM MATERIALS FOR THE IS PROGRAM
The integrated science curriculum is defined by standards and student per-
formance objectives rather than by a textbook. Curriculum guides for each
course have been developed by district task teams of local educators.
Teacher teams at individual schools also have worked to produce their own
additional instructional materials. Developing activities to meet the per-
formance standards is very time intensive. The district developed suggested
outlines as a tool for teachers, and regular in-services provide an opportu-
nity for teachers to share successful activities and practices.

Brevard is fortunate to have the support of NASA and other local agencies
in these efforts. Existing district- and school-level funds are used to support
these activities. Students and teachers are encouraged to use a variety of
high-quality resources and references including current books, periodicals,
telecommunications, and multimedia technology. The effective use of cur-
rent and varied resources provides a variety of perspectives, up-to-date
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information, and an instructional focus on science concepts rather than
textbook chapters.

Funds are allocated to purchase a district-adopted textbook for each student,
and the parents were particularly insistent that the students have a textbook.
A committee comprised of parents and educators selected The Sciences: An
Integrated Approach, by James Trefil and Robert Hazen. Publishers John
Wiley and Sons produced a specially bound issue for Brevard, which
addresses some of our specific needs. The book is used as a resource rather
than a curriculum. Sufficient time and funding to produce, expand, and
revise curriculum materials continues to be a pressing need.

ASSESSMENT
Assessment of the integrated science program has proven
to be a difficult issue because our district has traditionally
tested only grades nine and below on nationally normed
standardized tests. Results on these tests indicate signifi-
cant growth at ninth grade, which may be attributed to
our integrated approach. We have no such data for grades
ten or eleven. On the spring 1999 CTB Terra Nova tests,
41 percent of Brevard's ninth-grade students scored in the upper quartile
(compared with 30 percent in 1996), and only 8 percent scored in the
lower quartile (compared with 19 percent in 1996). Ninth-grade students
in 1999 scored ten percentile points higher than ninth-grade students in
1996, and twelve points higher than they scored two years ago as seventh
graders. This movement of students from lower achievement to higher
achievement may be evidence that our approach is working.

See "How Do
We Assess

Learning in
Integrated

Science?" in
Chapter 2.

District-developed tests assess how our tenth- and eleventh-grade students
are performing, but there has been no consensus among local educators on
their validity. Our 1996 results were favorable to the integrated sequence,
1997 results were favorable to the traditional sequence, no test was devel-
oped in 1998, and results for 1999 have not yet been determined. Because
testing is expensive and time consuming, our district has not made suffi-
cient progress in this area. Purchasing a nationally normed test for
eleventh-grade science is under consideration if resources will allow. This
would provide information on how our students compare with national
norms, but would not indicate growth or decline because there is no histor-
ical data. The existing ninth-grade data appear to make a case for the suc-
cess of our curriculum efforts.
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PLANS FOR THE FUTURE
The Brevard Public School District hopes to improve and enhance its exist-
ing integrated science curriculum. Professional development and curriculum
revision will be ongoing to assure the strongest possible programs. We will
continue to share our materials and experiences with other school districts,
and we welcome visitors to learn from our mistakes as well as our successes.

To grow is to change, and to become perfect is to
have changed many times.

Cardinal Newman

Ginger Davis serves Brevard Public Schools as the district science resource
teacher. Her twenty-four years of experience in education include working with
students of all ages (prekindergarten through graduate school) and performing a
multitude of jobs (classroom teacher, adjunct professor, learning specialist, science
fair director, education consultant). Ms. Davis received her master's degree in
science education and biology from the Florida Institute of Thchnology Past
honors include Florida Master 'leacher, Brevard County .'leacher of the Year,
and Florida Association of Science Teachers Outstanding Teacher Award. She
was also selected to travel to Japan as part of the Florida Commissioner of
Education's Japanese study team. Ms. Davis has published articles in professional
magazines and has presented on a variety of topics to state, national, and
international audiences. She also leadc the Brevard Science Advisory Council
and serves on the Space Coast Science Education Alliance, the Space Camp
Education Advisory Board, and the Space Congress Committee. Ms. Davis is
married to Carey Horn and has a nine-year-old daughter, Kyla.

Raul Montes has been a teacher at Cocoa High School in the Brevard, Florida,
School District since August 1.978. He received his bachelor of arts degree in
education degree from Florida Technological University (University of Central
Florida) and has teaching certifications in physics, mathematics, and general science.
The science department chair since 1988, Mr. Montes teaches a variety of hysics,
chemistry, and integrated science courses in addition to being the Earth Club
Sponsor, the National Honor Society Sponsor, and the Brevard County School
Science Fair director /teacher. Mr. Montes coaches swimming, boys' tennis, and
boys' soccer at Cocoa High School. He is active on the Brevard Public Schools
Integrated Science Writing Team, the Brevard County Science Advisory
Committee, the Florida. Department of Education Textbook Committee
Integrated Science and Chemistry, and the BSCS Design Study on Integrated
Science at the High School Level advisory board. Mr. Montes and his wife,
Elizabeth, have three children: Maren, Raul Jr., and Kylee.
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ATTACHMENT: FLORIDA SCENARIO

INTEGRATED SCIENCE

PERFORMANCE STANDARDS

Strand 1: The Nature of Matter
A. Simple Stoichiometry and Equations

The student will demonstrate an ability to:
1. write chemical formulas.
2. calculate formula mass.
3. write and balance simple equations.
4. show the mass relationships in a chemical equation.

B. Periodicity
The student will demonstrate an ability to:
1. differentiate between families and periods.
2. explain the relationships of the elements in a family and period.
3. use characteristics of an element to determine its placement in the

periodic table.
4. determine the valence electrons of an element's atoms based on its

location in the periodic table.
5. predict trends in the periodic table such as size and ionic tendency.

C. Atomic Structure and Chemical Bonding
The student will demonstrate an ability to:
1. model historical changes in the theory of atomic structure.
2. identify the significance of oxidation numbers.
3. differentiate between ionic and covalent bonding.

D. Electrostatics
The student will demonstrate an ability to:
1. investigate the nature of electrostatics.
2. relate the law of electrostatics to experiments on atomic structure.

E. Acid/Base Systems
The student will demonstrate an ability to:
1. compare and contrast properties of acids and bases.
2. identify the acidity and alkalinity of a substance using indicators.
3. measure the strength of acid/base solutions using the pH scale.

Strand 2: Energy
A. Effects of Heat and Temperature

The student will demonstrate an ability to:
1. explain the relationship between temperature and heat.
2. investigate the effects of heat on matter, such as change of state and

thermal expansion.
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B. Endothermic/Exothermic Reactions
The student will demonstrate an ability to:
1. compare endothermic to exothermic chemical reactions.
2. identify examples of endothermic and exothermic chemical reactions

in organic and nonliving systems.
C. Energy Needs in Living Systems

The student will demonstrate an ability to:
1. evaluate the energy content of various foods.
2. describe how living systems use and transform different forms of

energy.
D. Electromagnetic Radiation

The student will demonstrate an ability to:
1. identify the regions of the electromagnetic spectrum.
2. relate the spectral characteristics and uses of the various regions of the

electromagnetic spectrum.
E. Simple Circuits

The student will demonstrate an ability to:
1. design and construct simple circuits.
2. identify the components of a circuit and describe the flow of current

in the circuit.
3. apply Ohm's law to simple circuits.
4. relate simple circuits to integrated circuits.

E Wave Interactions
The student will demonstrate an ability to:
1. use diagrams to explain reflection and refraction.
2. predict wave behavior resulting from constructive and destructive

interference.

Strand 3: Force and Motion
A. Work and Power

The student will demonstrate an ability to:
1. distinguish between work and power.
2. apply the concepts of work and power to specific situations.

B. Simple Machine Applications
The student will demonstrate an ability to:
1. design and construct simple machines to perform specific tasks.
2. apply knowledge of simple machines to biomechanics.

C. Kinematics/Dynamics (One Dimensional)
The student will demonstrate an ability to:
1. calculate the velocity and acceleration of a moving object.
2. analyze the forces causing motion.
3. explain the conversion of potential to and from kinetic energy for a

moving object.
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D. Newton's Law of Gravity
The student will demonstrate an ability to:
1. describe the relationship between mass, distance, and gravitational

force.
2. distinguish between mass and weight.

E. Fluid Dynamics
The student will demonstrate an ability to:
1. summarize the contributions of Archimedes, Bernoulli, and Pascal to

fluid mechanics.
2. apply Archimedes' principle to buoyancy and specific gravity.
3. apply Bernoulli's principle to lift and pressure.
4. apply Pascal's law to hydraulics.

Strand 4: Processes That Shape the Earth
A. Resource Depletion

The student will demonstrate an ability to:
1. identify natural resources and their uses.
2. categorize the use of resources as beneficial or detrimental to the earth

and its ecosystems.
B. Geological Time

The student will demonstrate an ability to:
1. explain the geologic history of the earth using various geologic dating

systems and their fossil evidence.
2. create a geologic time scale including major life forms and events.

C. Rock Cycle
The student will demonstrate an ability to:
1. explain the rock cycle, describing igneous, sedimentary, and meta-

morphic rocks and their interrelationships.
2. explain and distinguish between the formation of igneous, sedimen-

tary, and metamorphic rocks.
D. Ocean/Atmosphere Interactions

The student will demonstrate an ability to:
1. review the hydrological cycle.
2. analyze the interrelationships between the atmosphere and hydrosphere.

Strand 5: Earth in Space
A. Origin of the Solar System

The student will demonstrate an ability to describe and evaluate current
and historical theories of the formation of the solar system and its
major and minor bodies.

B. Solar System/Minor Bodies
The student will demonstrate an ability to compare the characteristics of
the planets and minor bodies.
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C. Technology in Space Studies
The student will demonstrate an ability to:
1. analyze how space technologies have influenced the biological, earth,

space, and physical sciences.
2. explain how society has benefited from space technologies.

Strand 6: Processes of Life
A. Functions of Specific Human Cells

The student will demonstrate an ability to:
1. describe the relationship between structure and function of specific

human cells.
2. apply the organizational hierarchy to the human organism.

B. Cell Reproduction
The student will demonstrate an ability to:
1. discuss reasons for cell reproduction.
2. summarize the cell cycle and explain the importance of interphase.
3. illustrate the process of DNA replication and identify its importance

for mitosis.
C. Mendelian Genetics

The student will demonstrate an ability to:
1. solve simple genetics problems using Punnett squares.
2. predict the genotypes and phenotypes of offspring in monohybrid and

dihybrid crosses.
D. Cellular Transport

The student will demonstrate an ability to:
1. explain cellular transport including endocytosis and exocytosis.
2. describe the role of the cell membrane and the interaction of the cell

with its environment.
E. Cellular Communication (Intracellular and Extracellular)

The student will demonstrate an ability to:
1. explain the need for intracellular communication.
2. explain the role of molecules in intracellular communication.
3. explain the role of hormones in cellular communication.
4. explain the chemical and electrical communication between cells in

the nervous system.

Strand 7: How Living Things Interact with Their Environment
A. Habitat and Niche

The student will demonstrate an ability to:
.

1. identify the ecological role of organisms in an ecosystem.
2. describe the niche and habitat of various organisms in an ecosystem.
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B. Taxonomic Keys
The student will demonstrate an ability to:
1. use a taxonomic key to identify extinct and extant organisms.
2. design and construct a taxonomic key.

Strand 8: The Nature of Science
A. Observe: Qualitative/Quantitative

The student will demonstrate an ability to:
1. distinguish between qualitative and quantitative observations.
2. record appropriate and accurate observations.

B. Classify
The student will demonstrate an ability to:
1. identify characteristics useful in classifying objects or phenomena.
2. develop a scheme for classification.
3. utilize a classification scheme to identify an object or phenomenon.

C. Measurement Systems
The student will demonstrate an ability to:
1. utilize SI measurement.
2. explain the relationships within and between SI units.

D. Experimental Design
The student will demonstrate an ability to:
1. design an experiment to test a hypothesis.
2. identify critical assumptions underlying an experimental design.
3. evaluate methods or strategies that may produce more precise results.

E. Hypothesize
The student will demonstrate an ability to:
1. formulate testable hypotheses.
2. identify the hypothesis that underlies an experimental design.

F Identify/Control Variables
The student will demonstrate an ability to:
1. identify the variables in an experiment or observational situation.
2. describe methods to control variables in a specific experiment or

situation.
G. Collect/Record Data

The student will demonstrate an ability to present data accurately in an
appropriate table, chart, or graph.

H. Analyze Data
The student will demonstrate an ability to:
1. use and understand statistical analysis appropriate to the nature of the

data.
2. evaluate data for the influence of bias or uncontrolled variables.
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3. analyze graphs for accurate representation.
4. draw conclusions based on the available data.
5. make predictions based on conclusions from scientific experimentation.

I. Dimensional Analysis
The student will demonstrate an ability to:
1. identify and utilize units in quantitative measurement.
2. use units in equations and problem solving.

J. Follow Safety Procedures
The student will demonstrate an ability to:
1. exercise sound judgment with respect to safety.
2. comply with safety directions for each activity.

K. Use Science Equipment
The student will demonstrate an ability to:
1. recognize and safely use scientific equipment.
2. select the appropriate equipment for a specified task.

L. Historical/Social Implications of Science
The student will demonstrate an ability to:
1. explain that scientific study is based on the belief that rules can be dis-

covered by careful, systematic study.
2. explain differences in scientific opinion on a given topic from the past

or present.
3. recognize that testing, revising, and reevaluation are continuous

processes in science.
4. understand that scientific investigation is part of human nature.
5. evaluate the social implications of controversial experimentation.
6. explain the importance of communicating scientific results within the

scientific community and to the general public.

INTEGRATED SCIENCE II

PERFORMANCE STANDARDS

Strand 1: The Nature of Matter
A. Quantum Theory

The student will demonstrate an ability to:
1. identify and explain the theories of Planck, Bohr, Einstein, and

Heisenberg.
2. evaluate the need for the introduction of the Quantum Theory.
3. relate spectral analysis, properties of light, properties of matter, photo-

electric effect, and x-ray analysis to the Quantum Theory.
4. apply Quantum Theory to the Bohr model and the wave-mechanical

model of the atom.
B. Variations in Chemical Bonding

The student will demonstrate an ability to:
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1. identify and understand the four types of chemical bonding: ionic,
covalent, hydrogen, and metallic bonds.

2. use the periodic table to predict the types of bonding that will occur
between specific elements.

3. identify the bond types typically found in organic compounds.
4. describe simple organic compounds and their formulas.

C. Transmutation
The student will demonstrate an ability to:
1. understand the principles of radioactive decay and the synthesis of

new elements.
2. write and balance nuclear equations.
3. explain the applications of radioactive elements.

D. Solution Chemistry
The student will demonstrate an ability to:
1. understand the effects of solute concentration on the physical proper-

ties of solutions.
2. identify factors that affect the degree of solubility and rate of solubility
3. explain the role that electrolytes play in living systems.
4. understand the nature of acid/base systems including Arrhenius,

Bronsted-Lowry, and Lewis theories.
5. perform calculations for pH.
6. investigate methods of determining acid/base concentrations.

E. Reaction Rates and Equilibrium
The student will demonstrate an ability to:
1. identify the factors that affect the reaction rates and equilibrium of

systems, including concentration, surface area, agitation, particle size,
temperature, and catalysts.

2. recognize different types of chemical reactions, i.e., combustion, neu-
tralization, oxidation-reduction, single and double replacement, analy-
sis, and synthesis.

3. calculate mass, volume, and mole relationships in chemical reactions.
E Coulomb's Law

The student will demonstrate an ability to:
1. understand the application of Coulomb's Law as it relates to atomic

structure.
2. explain the relationship of electron position to the energy of the electron.
3. use Coulomb's Law to compute forces between charged particles.

Strand 2: Energy
A. Electrochemical Processes

The student will demonstrate an ability to:
1. identify electrochemical processes and calculate cell potentials in redox

reactions.
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2. explain the electrochemical process in batteries, cells, the nervous sys-
tem and brain, muscle tissues, photosynthesis, and respiration.

B. Energy Transformations
The student will demonstrate an ability to:
1. identify the characteristics of the various forms of energy including

heat, electromagnetic, chemical, nuclear, and mechanical.
2. describe the methods of energy conversion.

C. Catalysts
The student will demonstrate an ability to understand the role catalysts
play in chemical and living systems (enzymes).

D. Calorimetry
The student will demonstrate an ability to:
1. explain the transfer of heat in various systems.
2. identify the involvement of heat in specific heat, heat of vaporization,

heat of fusion, heat capacity, heat of reaction, and combustion.
3. perform appropriate calculations involving heat.

E. Gas Laws and Kinetic Theory
The student will demonstrate an ability to:
1. make calculations based on the combined and ideal gas laws (Charles,

Boyle, Gay-Lusac).
2. apply kinetic theory to molecular motion as it occurs in gas laws.

F Laws of Energy and Matter
The student will demonstrate an ability to:
1. verify the conservation of energy.
2. verify the conservation of matter.
3. apply Einstein's equation to the conservation of energy and matter.

G. Resistance and Capacitance
The student will demonstrate an ability to:
1. describe the behavior of resistance and capacitance in parallel and

series circuits.
2. identify the factors affecting resistance and capacitance.

Strand 3: Force and Motion
A. Friction, Drag, and Velocity

The student will demonstrate an ability to:
1. summarize the characteristics of friction, drag, and terminal velocity.
2. identify factors that contribute to friction and drag.
3. explore the effects of streamlining on terminal velocity.
4. show all motion is relative to a frame of reference.

B. Kinematics and Dynamics (Two Dimensional)
The student will demonstrate an ability to:
1. describe the nature of motion in terms of circular motion, projectile

motion, and rotational motion.
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2. explain simple harmonic motion.
3. describe the behavior of the pendulum mathematically.
4. describe the behavior of springs mathematically.

C. Conservation of Linear Momentum
The student will demonstrate an ability to:
1. distinguish between elastic and nonelastic collisions.
2. apply the mi vi = m2 v2 equation under both positive and negative

conditions.
3. apply conservation concepts to everyday events such as auto wrecks,

billiards, etc.
D. Rotational Systems

The student will demonstrate an ability to:
1. compare and contrast circular and rotational motion.
2. explain angular velocity, angular acceleration, and angular momentum.
3. design and construct a system illustrating circular and rotational sys-

tems and rotational equilibrium and apply it to everyday experiences.

Strand 4: Processes That Shape the Earth
A. Climate Systems

The student will demonstrate an ability to:
1. identify climate variations.
2. identify the reasons for climatic change.
3. research the effects of major climatic change in the past and speculate

as to the possible causes.
4. predict possible climatic changes due to human intervention.

B. Coastal Erosion
The student will demonstrate an ability to:
1. identify the causes of coastal erosion.
2. describe typical coastal land forms.
3. evaluate human attempts to control coastal erosion.
4. debate the development of coastal areas.

C. Natural Solute/Solvent Systems
The student will demonstrate an ability to:
1. identify natural solute/solvent systems that affect the atmosphere,

hydrosphere, and lithosphere.
2. explore the formation of Karst topography and geothermal systems.
3. determine the impact of hydrothermal vents on ocean chemistry and

life forms.
4. describe the effects of gases released by natural and human activities

on natural solute/solvent systems (volcanoes, combustion, etc.).
D. Earth Structure (Geomorphology)

The student will demonstrate an ability to model the various layers of
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the earth and describe the differences among them.
E. Renewable and Nonrenewable Resources

The student will demonstrate an ability to:
1. differentiate between renewable and nonrenewable resources, citing

examples.
2. calculate longevity of various nonrenewable resources, given current

and predicted consumption.
3. explore solutions to the depletion of nonrenewable resources.
4. explore the effects of exceeding sustainable yield for a renewable

resource.

Strand 5: Earth in Space
A. Planetary Motion

The student will demonstrate an ability to:
1. describe and model planetary motion in our solar system.
2. calculate the motions of the planets according to the laws of Kepler

and Newton.
3. describe the effects of the relative motion of the earth, sun, and moon

on biological activity.
B. Earth's Magnetism

The student will demonstrate an ability to:
1. demonstrate the earth's magnetic character and determine uses of this

phenomena.
2. describe possible explanations for the earth's magnetic field.
3. explore the effects of the magnetic field on earth phenomena includ-

ing the aurora and Van Allen radiation belts.
4. explore the effects of the magnetic field on organisms (i.e., migration).
5. predict future movements of the earth's magnetic poles based on his-

torical data.
6. describe the evidence of seafloor spreading as it relates to the magnetic

field.
C. Stellar Evolution

The student will demonstrate an ability to:
1. describe the formation of stars and identify the various stages of stellar

evolution.
2. describe the effect of mass variation on stellar evolution.
3. explain how various mass stars end their life.
4. plot the location of a star on the H.R. diagram at various stages of

stellar evolution.
D. Galactic Systems

The student will demonstrate an ability to:
1. describe the structure of spiral, elliptical, and irregular galaxies.
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2. diagram the location of old stars, young stars, dust, and gas within
different types of galaxies.

3. observe the large-scale distribution of galaxies within the universe.
4. describe the movement of galaxies.

Strand 6: Processes of Life
A. Meiosis

The student will demonstrate an ability to:
1. summarize the process of meiosis and understand its importance in

maintaining chromosome number.
2. explain why DNA replication is necessary for meiosis to occur.
3. investigate the relationship between meiosis and genetic variation.
4. contrast gamete formation in males and females.
5. distinguish between mitosis and meiosis and note variations in plants

and animals.
B. Chromosomes and Genes

The student will demonstrate an ability to:
1. integrate the chromosome theory of inheritance with Mendelian

genetics.
2. formulate a statement describing the relationship between DNA,

genes, and chromosomes.
3. differentiate between Mendelian and non-Mendelian genetics.
4. identify causes of human genetic disorders.
5. identify types of mutations and discuss possible results in gametic and

somatic cells.
6. discuss the relationship between mutations and cancer.

C. Human Growth and Reproduction
The student will demonstrate an ability to:
1. trace the development and differentiation of the egg from fertilization

to birth.
2. describe the changes that occur during infancy, childhood, and adoles-

cence.
3. explain the reproductive cycles of males and females.
4. describe the effects of hormones on reproductive systems.
5. investigate the effects of aging on the various body systems.

D. Energy Transfers in Living Systems
The student will demonstrate an ability to:
1. compare the process of photosynthesis, respiration, and fermentation.
2. summarize the energy flow through the process of photosynthesis, res-

piration, and fermentation.
3. illustrate that energy flows through ecosystems, and materials cycle.
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Strand 7: How Living Things Interact with Their Environment
A. Natural Selection

The student will demonstrate an ability to:
1. recognize that within a given population, individuals display genetic

variation.
2. apply the concept of adaptation to reproductive success.
3. explain the role of the environment in natural selection.
4. compare natural selection to artificial selection.

B. Population Dynamics
The student will demonstrate an ability to:
1. list the conditions necessary to maintain Hardy-Weinberg equilibrium

in a population.
2. calculate and predict allele frequencies within a stable population

using the Hardy-Weinberg equation.
3. describe how changes occur within a gene pool (i.e., migration,

genetic drift).
4. explain the role of limiting factors in controlling population growth.

C. Environmental Observation Technologies
The student will demonstrate an ability to explain technologies currently
used to identify and measure various environmental features such as
deforestation, pollution, drought, etc.

Strand 8: The Nature of Science
A. Observe: Qualitative/Quantitative

The student will demonstrate an ability to:
1. distinguish between qualitative and quantitative observations.
2. record appropriate and accurate observations.

B. Classify
The student will demonstrate an ability to:
1. identify characteristics useful in classifying objects or phenomena.
2. develop a scheme for classification.
3. utilize a classification scheme to identify an object or phenomenon.

C. Measurement Systems
The student will demonstrate an ability to:
1. utilize SI measurement.
2. explain the relationships within and between SI units.

D. Experimental Design
The student will demonstrate an ability to:
1. design an experiment to test a hypothesis.
2. identify critical assumptions underlying an experimental design.
3. evaluate methods or strategies that may produce more precise results.

E. Hypothesize
The student will demonstrate an ability to:
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1. formulate testable hypotheses.
2. identify the hypothesis that underlies an experimental design.

E Identify/Control Variables
The student will demonstrate an ability to:
1. identify the variables in an experiment or observational situation.
2. describe methods to control variables in a specific experiment or

situation.
G. Collect/Record Data

The student will demonstrate an ability to present data accurately in an
appropriate table, chart, or graph.

H. Analyze Data
The student will demonstrate an ability to:
1. use and understand statistical analysis appropriate to the nature of the

data.
2. evaluate data for the influence of bias or uncontrolled variables.
3. analyze graphs for accurate representation.
4. draw conclusions based on the available data.
5. make predictions based on conclusions from scientific

experimentation.
I. Dimensional Analysis

The student will demonstrate an ability to:
1. identify and utilize units in quantitative measurement.
2. use units in equations and problem solving.

J. Follow Safety Procedures
The student will demonstrate an ability to:
1. exercise sound judgment with respect to safety.
2. comply with safety directions for each activity.

K. Use Science Equipment
The student will demonstrate an ability to:
1. recognize and safely use scientific equipment.
2. select the appropriate equipment for a specified task.

L. Historical/Social Implications of Science
The student will demonstrate an ability to:
1. explain that scientific study is based on the belief that rules can be dis-

covered by careful, systematic study.
2. explain differences in scientific opinion on a given topic from the past

or present.
3. recognize that testing, revising, and reevaluation are continuous

processes in science.
4. understand that scientific investigation is part of human nature.
5. evaluate the social implications of controversial experimentation.
6. explain the importance of communicating scientific results within the

scientific community and to the general public.
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INTEGRATED SCIENCE III

PERFORMANCE STANDARDS

Strand 1: The Nature of Matter
A. Crystallography

The student will demonstrate an ability to:
1. grow crystals and describe their structures.
2. explain the significance of the unit cell to the shape of the crystal.

B. Dark Matter
The student will demonstrate an ability to:
1. discuss particles that could account for Dark Matter and describe their

characteristics.
2. describe how Dark Matter is detected and measured.

C. Universal Forces
The student will demonstrate an ability to describe the nature of and the
particle associated with each of the four fundamental forces:
gravitational, electromagnetic, strong nuclear, and weak nuclear.

Strand 2: Energy
A. Fission/Fusion

The student will demonstrate an ability to:
1. compare fission and fusion as processes of energy production.
2. evaluate the possibility of fusion as a future source of energy.
3. write equations for fusion and fission reactions.

B. Energy Conversion Systems
The student will demonstrate an ability to:
1. assess the efficiency of energy transformations in complex systems.
2. apply thermodynamic principles to energy transformations.
3. discuss the increase of entropy within a system.

C. Duality of Light
The student will demonstrate an ability to:
1. distinguish between the wave and particle nature of light.
2. apply knowledge of the nature of light to new technologies.

D. Magnetic Fields
The student will demonstrate an ability to:
1. generate magnetic fields by electromagnetic induction (electromagnet).
2. calculate the force on a moving charge in a magnetic field.
3. describe how magnetic fields vary with the distance away from mag-

netic field sources.
4. apply magnetic field theory to electric motors, generators, and sole-

noids.
E. Electric Circuit Application

The student will demonstrate an ability to:
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1. measure the energy and calculate the cost required to operate an elec-
trical device.

2. design an experiment that deals with efficiency of an electrical device.
3. construct an advanced electric circuit and describe the behavior of

electric charge and current within the circuit.
4. calculate and measure the voltage, current, charge, resistance, and

capacitance of a circuit.
5. evaluate the energy efficiency of different types of air conditioning

systems.
F. Optics and Sound Applications

The student will demonstrate an ability to:
1. apply the Doppler Effect to changes in relative velocity, frequency,

and wavelength of sound waves.
2. calculate the speed of sound as it varies with temperature and media.
3. apply the properties of wave interference, refraction, reflection, and

diffraction in sound and light.
4. use Snell's law to calculate incident and refracted angles of a light ray

at the interface between media of varying densities.
5. construct an optical bench using mirrors and lenses, showing the rela-

tionship between focal length and the object/image height and distance.
6. design a presentation illustrating optical and acoustical applications in

technology and biology (e.g., fiber optics, ultrasound, photography,
astronomy, vision, etc.).

Strand 3: Force and Motion
A. Kinematics/Dynamics (Applications)

The student will demonstrate an ability to design and carry out an exper-
iment to measure the forces within living and nonliving systems.

B. Conservation of Rotational Momentum
The student will demonstrate an ability to:
1. describe how rotational inertia affects rotational momentum.
2. design a presentation illustrating the characteristics of rotational

momentum.
C. Special Relativity

The student will demonstrate an ability to:
1. describe and calculate the effects of near-light speed velocities on the

mass, length, and time frame of objects in relative motion.
2. explain the time implications for simultaneity.
3. compare special relativity with general relativity.

D. Electric Motors
The student will demonstrate an ability to:
1. design, construct, and evaluate an electric motor.
2. explore factors that affect the efficiency of an electric motor.
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E. Electric Power Distribution
The student will demonstrate an ability to:
1. design and build a generator.
2. trace the path of electricity from generator to consumer and evaluate

efficiency.
3. identify the uses of generators.

Strand 4: Processes That Shape the Earth
A. Radioactive Dating

The student will demonstrate an ability to:
1. explain radioactive decay and how it relates to the dating of organic

and inorganic material.
2. investigate various isotopes used in radiometric dating and evaluate

their relative accuracies.
B. Ice Ages (Past and Future)

The student will demonstrate an ability to:
1. discuss the ice ages as evidence of climatic change.
2. discuss how humans would deal with an ice age or other major cli-

matic change.
3. predict future climate changes on the basis of historical data and

human impact.
4. describe how the ice ages have altered ecosystems and topography.

C. Human Interaction with Earth's Resources
The student will demonstrate an ability to present examples of how
human intervention has altered distribution of earth's resources.

Strand 5: Earth in Space
A. Cosmology

The student will demonstrate an ability to:
1. analyze the theories of the formation and possible end of the

universe(s).
2. describe the technology used to observe, analyze, and develop theories

of the cosmos.
3. understand that the cosmos is the "lab" of astronomers because the

extreme conditions of stars cannot be recreated on earth.
B. Grand Unified Theory

The student will demonstrate an ability to discuss the basis of the Grand
Unified Theory.

C. Theories of Life in the Universe
The student will demonstrate an ability to:
1. describe the conditions necessary for the development of life as we

know it and evaluate the probability of life developing elsewhere in
the universe.
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2. predict the likelihood of contacting extraterrestrial intelligent life.
D. Chemistry of the Universe

The student will demonstrate an ability to investigate the chemical com-
position of stars based on their spectral fingerprints.

Strand 6: Processes of Life
A. Transcription and Translation

The student will demonstrate an ability to:
1. build a manipulative model to demonstrate the processes involved in

transcription and translation.
2. explain how mutations may cause changes in the products of tran-

scription and translation.
3. distinguish among mRNA, tRNA, and rRNA.
4. relate transcription and translation to the replication of DNA and

RNA viruses and retroviruses.
5. summarize the relationship between DNA, RNA, amino acid

sequence, and proteins.
B. Biotechnology

The student will demonstrate an ability to:
1. create a presentation evaluating current and future applications of

biotechnology.
2. discuss the ethical, moral, social, and legal issues raised by the devel-

opment of new biotechnologies.
C. Synergism

The student will demonstrate an ability to:
1. illustrate integration of body systems to maintain life functions.
2. relate cell function to homeostasis.

Strand 7: How Living Things Interact with Their Environment
A. Epidemiology

The student will demonstrate an ability to:
1. trace the development of modern medicine and the effects on disease

in the twentieth century.
2. illustrate the cause, course, transmission, treatment, and social-

historical ramifications of a plant or animal disease.
B. Causes of Mutations

The student will demonstrate an ability to:
1. identify various causes of mutations.
2. evaluate the potential effects of natural and humanmade mutagens.
3. understand that mutations may be beneficial, detrimental, or

insignificant.
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C. Mechanisms of Evolution
The student will demonstrate an ability to:
1. describe different mechanisms and theories of evolution.
2. evaluate the evidence that supports the modern theory of evolution.

D. Interdependence of Living Things
The student will demonstrate an ability to:
1. explain ecosystem stability in terms of variables such as population

size, species richness, diversity, and productivity.
2. describe the role of specific ecosystems.
3. summarize the types of symbiosis and give examples.

E. Environmental Ethics
The student will demonstrate an ability to:
1. discuss the importance of maintaining biodiversity as a method for

maintaining plant and animal resources.
2. discuss the positive and negative impact of human activity on the

natural environment.

Strand 8: The Nature of Science
A. Observe: Qualitative/Quantitative

The student will demonstrate an ability to:
1. distinguish between qualitative and quantitative observations.
2. record appropriate and accurate observations.

B. Classify
The student will demonstrate an ability to:
1. identify characteristics useful in classifying objects or phenomena.
2. develop a scheme for classification.
3. utilize a classification scheme to identify an object or phenomenon.

C. Measurement Systems
The student will demonstrate an ability to:
1. utilize SI measurement.
2. explain the relationships within and between SI units.

D. Experimental Design
The student will demonstrate an ability to:
1. design an experiment to test a hypothesis.
2. identify critical assumptions underlying an experimental design.
3. evaluate methods or strategies that may produce more precise results.

E. Hypothesize
The student will demonstrate an ability to:
1. formulate testable hypotheses.
2. identify the hypothesis that underlies an experimental design.

F. Identify/Control Variables
The student will demonstrate an ability to:
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1. identify the variables in an experiment or observational situation.
2. describe methods to control variables in a specific experiment

or situation.
G. Collect/Record Data

The student will demonstrate an ability to present data accurately in an
appropriate table, chart, or graph.

H. Analyze Data
The student will demonstrate an ability to:
1. use and understand statistical analysis appropriate to the experience of

the student and the nature of the data.
2. evaluate data for the influence of bias or uncontrolled variables.
3. analyze graphs for accurate representation.
4. draw conclusions based on the available data.
5. make predictions based on conclusions from scientific experimentation.

I. Dimensional Analysis
The student will demonstrate an ability to:
1. identify and utilize units in quantitative measurement.
2. use units in equations and problem solving.

J. Follow Safety Procedures
The student will demonstrate an ability to:
1. exercise sound judgment with respect to safety.
2. comply with safety directions for each activity.

K. Use Science Equipment
The student will demonstrate an ability to:
1. recognize and safely use scientific equipment.
2. select the appropriate equipment for a specified task.

L. Historical/Social Implications of Science
The student will demonstrate an ability to:
1. explain that scientific study is based on the belief that rules can be

discovered by careful, systematic study.
2. explain differences in scientific opinion on a given topic from the past

or present.
3. recognize that testing, revising, and reevaluation are continuous

processes in science.
4. understand that scientific investigation is part of human nature.
5. evaluate the social implications of controversial experimentation.
6. explain the importance of communicating scientific results within the

scientific community and to the general public.

Source: Brevard Public Schools
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Concluding Remarks

As you begin your journey in integrated science or continue one that you
began earlier, keep in mind five major ideas:

-
J

Our overall goal is to enhance students' learning of science.
Teachers of integrated science need support in a number of areas in an
ongoing manner.
Don't worry about the definition of integrated science; coherence is the
important issue.
Keep an open mind.
Change takes time.

Our goal for students is an improved understanding of science. We know
that integrated science engages a diversity of students and helps them make
connections (and consequently, make meaning) of much of what they expe-
rience in the natural world. If they are making connections and constructing
a conceptual understanding of science, this should contribute broadly to
their personal and academic experiences.
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We know that to have a successful program in integrated science, it takes
exceptional teachers. We also know that teachers of integrated science need
ongoing support from other teachers, from the school administration, and
from the district. One ongoing need of teachers who teach integrated sci-
ence is the time and funding to learn the content and to learn the most
effective ways to teach the content. Teachers also need support to develop a
network of colleagues and community professionals with whom to collabo-
rate. Teachers need to know that the district is willing to purchase the
appropriate instructional materials and supplies, and teachers need the flexi-
bility to structure the school day to best support the nature of the classroom
work as well as the collaborative aspect of the work.

The precise definition of integrated science that you use is not that impor-
tant. Whether your program integrates the disciplines of science across a
week, a quarter, a semester, or a year is not the most important criteria. The
important goal is that the course of study, regardless of the grain size of inte-
gration, be coherentthat the integration that occurs is logical and carefully
crafted.

We know that chance favors the prepared mind, and a prepared mind is an
open one. In the integrated science experience, this is a major operating
principle for students, teachers, and administrators. Be prepared to see
things differently, respond to situations differently, respond to questions dif-
ferently, respond to the content differently, and respond to students differ-
ently. Being open, both with respect to the nature of the content and to the
mechanics of such a program, will provide teachers, students, and adminis-
trators the opportunity for improved science teaching and learning.

Change takes time. It takes time for teachers to prepare to teach, it takes
time for students to be accustomed to a new way of learning. It takes par-
ents time to accept that learning science can be different from the way they
learned science, it takes principals and district administrators time to under-
stand how to best support the change. Introduce the changes in a realistic
time line that allows for transitions and preparations for all the stakeholders.
Change is a process, and that process needs to be flexible enough to be
informed along the way by how things unfold. Give yourself, your col-
leagues, and other stakeholders the gift of time.



APPENDIXA

Using the Concerns-Based
Adoption Model When
Implementing Integrated
Science Programs

by Susan Loucks-Horsley and Rodger W. Bybee

One dimension of the Concerns-Based Adoption Model
(CBAM) is called Stages of Concern. School personnel
implementing a new integrated science curriculum, for
example, may express these stages as follows: When teachers
are first introduced to the new curriculum, they need infor-
mation. They need to know expectations and whose support
they can count on. They will ask, What is it? What will it
mean for me? As they begin to learn and use the integrated
science materials, their management concerns increase and
they ask, Why is it taking so much time? How can I better
manage my students and these materials? They often feel
frustrated and uncoordinated. Once they have mastered the
program, they begin asking whether they are doing the best
job they can for their students and what changes they can
make to do an even better job. Figure A:1 describes each of
the seven Stages of Concern with respect to an integrated
science program.
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STAGES OF CONCERN:

EXPRESSIONS OF CONCERN ABOUT AN

INTEGRATED SCIENCE CURRICULUM

Expression of Concern

6 Refocusing I have ideas about something
that would work even better.

5 Collaboration I am concerned about relating
what I am doing with what
other teachers are doing.

4 Consequence How is my use of the program
affecting students? What
adjustments can I make?

3 Management I seem to be spending all my
time getting material ready.

2 Personal How will implementing an
integrated science program
affect me?

1 Informational I would like to know more
about the integrated science
program.

0 Awareness I am not concerned about
integrated science.

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

Figure A:1 Stages of Concern: Expressions of Concern about an
Integrated Science Curriculum.
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Teachers' expressing concern suggest the kind of help they need. In
years of implementing new science programs at BSCS, we have
learned that several activities, timed appropriately, can be helpful.
Some of these are

creating awareness among teachers, administrators, and the
broader school community;
providing direction and clear expectations;
planning and arranging for initial professional development;
acquiring, organizing, and distributing materials;
demonstrating, coaching, and problem solving;
providing opportunities for teacher sharing, additional profes-
sional development, and renewal;
monitoring and troubleshooting; and
evaluating.

We discuss these activities in the following sections, as they relate to
implementing an integrated science program.

C REAT INGAw ARENES S

When introduced to an integrated science program, teachers' first
questions will be What is it? and What does it mean for me?typi-
cal informational and personal concerns. These concerns can be
addressed in short, interactive meetings where teachers can get a feel
for the new program, see some of the materials being taught, and
have their questions answered. These sessions need to clarify the core
components (that is, what teachers need to do to teach the curricu-
lum well), dates for professional development and start-up, the kind
of help they can expect to receive, where they will get the materials,
and the commitment of administrators to the new program. This
information can help teachers understand and accept the change.
Teachers who are currently using or have used the curriculum can
talk to the new teachers, giving them an image of what the program
looks like, what problems they are likely to encounter, and what it
will feel like to use. The discussion helps resolve concerns about
whether they can really do it.

Administrators and others in the community will have the same
kinds of awareness and information concerns about an integrated
approach to science. They can benefit from awareness meetings held
separately from those for teachers because the same kind of detail is
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unnecessary. Sessions need to describe what these stakeholders can
expect to see in science classrooms, what kind of help they can give
teachers, and how important their understanding and support will
be to the program's success.

PROVIDING D IRICTION AND CLEAR EXPECTATIONS

What is expected of me and when? are questions typically heard at
the beginning of implementing a new program. Clear personal con-
cerns, these need to be addressed by people in authority. Typical
questions include What is expected of science teachers? Will I have
to use all of the materials, only certain ones, or can I just use what I
want to use? Will I have to use the whole program the first time
through? Can I still use my favorite units from my old curriculum?
my favorite textbook? my favorite tests? Will I be expected to do
everything perfectly the first time I use the materials, or will it be
understood that early "bumps" will smooth out with experience?
How will my evaluation be influenced by the new curriculum? Will
there be any assessment and, if so, how will its content relate to that
of the new curriculum? These are just s omef the questions that can
be anticipated. Answers to these questions will provide clear direc-
tion for teachers, while letting them know that they will be sup-
ported in what they are doing.

PLANNING FOR PROFESSIONAL DEVELOFM ENT

Initial professional development sessions should address teachers'
management concerns: This helps them know what they will need to
do to use the program. The best session leaders are people who have
actually used the curriculum, who can answer the What-do-you-do-
when or What-would-you-do-if questions. Learning to teach an
innovative program such as an integrated approach to science
requires teachers first to handle the materials, and second to practice
new strategies. They need answers to scheduling, classroom manage-
ment, and materials management questions.

If administrators are going to be helping teachers, they will need
professional development too. They need to know what the materials
are for the curriculum, what classrooms will look like when it is
being taught, and how they support teachers who may feel frustrated
and uncoordinated, which may extend through their first year.
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O RGANIZINGM ATERIALS

Because laboratory activities are the core of an integrated science
program, it will depend heavily on materials to make it work.
Teachers using the program will have many questions about equip-
ment and materials soon after they know a decision has been made
to implement the program. These management concerns can be
greatly reduced by

1. Ordering the materials and equipment necessary for the program
as far in advance as possible.

2. Setting up a storage system specifically for the integrated pro-
gram unless a well-established procedure already has been set up
in the science department. Are items grouped by unit? by activ-
ity? Are they clearly labeled?

3. Determining who is responsible for
Setting up the materials and equipment for each laboratory
activity. Usually, one person can set up materials for other
members of the department if everyone is on the same teach-
ing schedule.
Cleaning up and putting away the items.
Inventorying and reordering materials and equipment for the
next year.

4. Establishing a petty cash procedure so that items can be pur-
chased from the local supermarket and discount stores.

Someone at the school or central office should set up a file for infor-
mation related to the equipment and materials needed for the inte-
grated science program. This would include catalogs, equipment
lists, and notes about where and how to obtain the materials needed
for the program. Sources of materials change over time, so it is
important that the person who maintains this file is ready to trou-
bleshoot equipment and materials problems as they arise. Nothing is
more discouraging to a teacher, nor raises more management con-
cerns, than being unable to obtain materials necessary for a labora-
tory-oriented program.

DEMON STRATING, aCH NG ,AND PROBLEM SOLVING

Management concerns extend far beyond initial awareness and use.
In fact, it is not unusual for teachers to feel disorganized through
their first year in the program. That is why they need more than just
initial professional development to help them master the curriculum
and its requirements.
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There are several ways to provide ongoing support. Classroom obser-
vation creates a good opportunity to encourage a teacher, point out
things that are going well, and give ideas for improving. Coaching
by peers as well as by someone in a leadership role also can help,
although the ability of peers to be helpful is limited by how experi-
enced and competent they themselves are with the new program.
Classroom demonstrations can give teachers a better idea of how var-
ious strategies can help them get students involved with the
materials in meaningful ways.

PROVIDING M ORE PROFESSIONALD EVELOPM ENT

OPPORTUNITIES
Teachers continue to need support after they become comfortable
with the new curriculum. They may have few concerns about the
curriculum and need some new stimulation; or they may be con-
cerned about the impact the curriculum is having on their students.
In fact, it is only when teachers have mastered the activities and
materials of a new program that they can pay full attention to stu-
dent thinking and learning. Once logistics and procedures are on

pilot," teachers can pay closer attention to concept forma-
tion, higher-order thinking, and students' ability to apply what they
have learned. It is one thing for students to go through the activities
and be able to answer a few questions. It is far more difficult for
them to develop new concepts and ways of understanding science
content, to be able to read and ask good questions, and to apply their
new learning to their own lives. Teachers can benefit from opportuni-
ties to focus on how their students are thinking through sharing and
discussing student work, writing about and analyzing their teaching
dilemmas, or viewing videos of their and others' classrooms.
Examining their teaching practice once management concerns are
resolved can be an effective way to improve student learning.

M ONITORING AND TROUBLESHOOTING

Continual monitoring is needed to sustain a new program. Teachers
do not always reach out when they need or want helpoften they
are too busy or may not admit that they cannot do everything per-
fectly. People in support roles need to "be out there," to be present,
accessible, and useful to both teachers and administrators.
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EVALUATING THE EP LEMENTATION PROCESS AND STUDENT

LEARNING

Someone needs to ask the hard questions: How are we doing with
the curriculum and, even more difficult, how are our students
doing? Experience with similar changes suggests that teachers will
have some difficulties the first year they use an integrated science
curriculum, so it is unlikely that student achievement will improve
substantially. It makes sense to spend the first year assessing how
teachers are doing, how their concerns change, and how they use the
components of the curriculum.

After the first year, it is time to begin to closely look at student
learning. Here, people in support roles play an especially important
role, given that the curriculum does not lend itself to standard meas-
ures of science achievement. Different strategies can be used to track
learning, strategies that teachers may not routinely use. Examining
student work products such as laboratory investigations, develop-
ment of performance assessments and rubrics for key science con-
cepts and inquiry skills, and structuring and analyzing student port-
folios are all ways to examine student learning. A systematic
approach to assessment that involves teachers in clarifying student
learning goals and the ways students can demonstrate their achieve-
ment can provide critical feedback for improving the use of the cur-
riculum by teachers.
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A Short Cut for Model IV

If an individual teacher or the entire biology department at a
small high school is considering implementing one inte-
grated science unit at the end of a tenth-grade biology
course, the process for planning and implementation that we
describe in Chapter 3 could be scaled back considerably with
respect to both scope and time. A large district that is con-
sidering a major change for all high schools might have one
high school pilot the process for a year before it commits its
resources to the implementation of integrated science on a
larger scale. Regardless of the scale, the major steps still
would include reflecting, planning, and taking action; the
process might be similar to the following:
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1. First, you would reflect on your own goals for science
education, specifically what you want students to know
and be able to do.

You might consider the following questions:

How might an integrated science unit help me meet the
goals I have for students?
What are the likely hurdles?
"What are the tradeoffsif I teach this, what is it that I will
not have time to teach?
Am I prepared to teach such a course?
What are my students likely to learn in such a unit that they
are not learning in my course right now?
Will it be worth it?

2. If, after your initial reflections, you still are excited about the
prospects of integrated science, the next step is to develop your
personal rationale for implementing such a unit. This rationale
will be important as you continue conversations with other
stakeholders such as your principal, your students, their parents,
and other colleagues in your department. Your personal
rationale will draw heavily on your reflections from Step 1 and
should include your ideas about why you feel this unit is
important to your students.

3. It may be beneficial to complete a short version of the needs
assessment (see Appendix C) so that, as you proceed, your sub-
sequent decisions are well-informed ones. As you review the
survey, select five to ten questions from the relevant sections to
use as your abbreviated version. For example, you might want
to complete the teacher section yourself as well as ask some
other teachers to complete it. It may be a good idea to have
the students in one of your classes complete the student sec-
tion and to have your principal complete the administrator's
section. After the needs assessments are complete and you have
analyzed the results, you will be better able to design an effec-
tive unit and be better able to anticipate possible concerns of
other teachers, students, and principals. You may want to
expand your survey to include the district science supervisor.

4. Next, you are ready to design a unit in enough detail so that you
know what content you would cover and what types of ques-
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tions the students might develop. You may be selecting a unit of
study from your biology curriculum and then expanding it to
include the related, integrated content. For example, in your
ecology unit, you may take the topic of wildfires and expand the
unit to include many aspects of fire that you do not typically
include in your biology class but that are relevant to the investi-
gation. This might include detailed examination of combustion,
heat transfer, the flow of energy, and the chemical changes that
occur in organic matter during intense fire.

In addition to outlining the content of the unit, you should out-
line your specific learning goals for students and correlate these
goals with the set of standards in use in your district. It also is
important at this stage to design an appropriate assessment task
for the unit, as a way of measuring your students' success.

5. It will be important to identify resources for teaching the unit.

6. Depending on the protocol for your school or district, once your
goals and the unit are outlined, this would be an appropriate
time to seek permission, if necessary, from your principal to
proceed with the unit.

7. Now you are ready to teach the unit and evaluate the results
with respect to teaching and learning.

8. When you have completed the unit, you can reflect on your own
experience, your students' experience, and the assessment results.
Based on this information, you now have the opportunity to
revise your unit before teaching it again.



APPENDIX C

A Needs Assessment for
Integrated Science

developed by Kathy Comfort and Eric Anderson

GUIDELINES FORU SING THIS iNSTRUMENT

You can conduct a needs assessment to help your leadership team decide whether
an integrated science program is appropriate for your school or district. A needs
assessment examines the needs of all the stakeholders affected by the decision and
how prepared they are for change. For details on using this instrument, refer to
Chapter 3 of this guide.

The following sets of statements represent a database from which you can
select items to design a needs assessment. Each numbered item consists of two
statements that represent a range of ideas with respect to a particular issue.
For example, one item articulates a range of confidence that a teacher has
about teaching science.

The instrument that you develop for the individual and group responses should
include a variety of these numbered items and not just the items that are easy to
answer and for which it is easy to reach consensus. This tool will be valuable only
if you ask some hard questions.

The database is organized according to stakeholders, so there are a set of state-
ments for teachers, another set for students and so on. It would be most effi-
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Example

cient to develop your needs assessment from the RTF file of this appendix,
which is available from the BSCS Web site (www.bscs.org). From the RTF
file, you can copy and paste the selected questions into another file to create
you own needs assessment.

Each numbered item has been constructed as a Leichert scale from 1 to 5.
Individuals should respond to each pair of statements twicefirst according
to how he or she views the present situation and then a second time accord-
ing to what he or she thinks the situation should be.

1. I feel confident about my
understanding of concepts in one
of the following: biology, chem-
istry, physics, and earth science.

How I view the present status

How I think it should be

STATEMENTS FOR TEACHERS

5. I feel confident about my under-
standing of concepts in al df the
following: biology, chemistry,
physics, and earth science.

1 1. I have ineffective relationships with 5. I have very effective relationships
other teachers. with other teachers.

How I view the present status

How I think it should be

b

2 1. I have an ineffective relationship 5. I have a very effective relationship
with my principal. with my principal.

How I view the present status

How I think it should be
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3 1. I generally have poor relationships
with my students.

How I view the present status

b b
How I think it should be
1 2 3

4 1. I feel confident about my under-
standing of concepts in oneof the fol-
lowing: biology, chemistry, physics,
and earth science.

How I view the present status

How I think it should be

b b

5. I generally have excellent relation-
ships with my students.

b b

4 5

5. I feel confident about my under-
standing of concepts in al ?f the fol-
lowing: biology, chemistry, physics,
and earth science.

b b

b b 6

5 1. I organize my teaching around sci-
ence content, much like the organiza-
tion of a science textbook.

How I view the present status

b b b
How I think it should be

b b

5. I organize my teaching around
themes like systems, change, water,
and energy.

b b

b b b

6 1. I believe that a high school science
education is only for students who are
preparing for a career in science.

How I view the present status

b b b
How I think it should be

b b

5. I believe that a high school science
education is for all students regardless
of their present choice of careers.

b b b
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7 1. I maintain responsibility and 5. I share the responsibility for learning
authority. with students.

How I view the present status

b b 6 b
How I think it should be

b b b b b

8 1. I encourage competition among 5. I encourage cooperation and shared
students. responsibility among students.

How I view the present status

b b b b b
How I think it should be

6 b b b b

9 1. I make decisions about what to
teach my students based on the con-
tent of a textbook.

How I view the present status

5. I make decisions about what to
teach my students based on content
linked to Standaror Benchmarks

b. b b b
How I think it should be

b b b b b

10 1. My district office makes all decisions
about professional development oppor-
tunities that are provided.

How I view the present status

5. In my district, teachers are the
source of ideas about professional
development opportunities that are
provided.

b b b b b
How I think it should be

6 b b b U
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11 1. My district office uses only external
experts for the professional develop-
ment of teachers.

How I view the present status

How I think it should be

b

5. In my district, teachers plan and
facilitate professional development
opportunities in conjunction with
external experts.

12 1. My district office and the local
school board make all decisions about
curricular change.

How I view the present status

How I think it should be

5. In my district, teachers are the facili-
tators of curricular change.

13 1. I see no need to help my students
make connections among the disci-
plines of science.

How I view the present status

How I think it should be

5. An understanding of the connec-
tions that exist between the disciplines
of science is essential to the develop-
ment of a student's scientific literacy.

14 1. The primary basis for the organiza- 5. I select and adapt curriculum that
tion of my teaching is district curricu- helps me accomplish the goals of my
lum guides and/or the scope and teaching.
sequence of my textbook.

How I view the present status

How I think it should be

b
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15 1. I understand and respond to the
needs of my students as a group.

How I view the present status

5. I understand and respond to each
student's needs, experiences, and
strengths.

b b b b
How I think it should be

b b b b b

16 1. My teaching focuses on students'
acquisition of knowledge.

How I view the present status

5. My teaching focuses on students'
understanding and use of scientific
knowledge, ideas, and inquiry processes.

b b b b b
How I think it should be

b b b b b

17 1. I present scientific knowledge
through lecture, text, and demonstra-
tion.

How I view the present status

5. I guide students in active and
extended scientific inquiry.

b b ,b b b
How I think it should be

b b b b b

18 1. I ask students to recite acquired
knowledge.

How I view the present status

5. I provide opportunities for students
to engage in scientific discussion and
debate.

b b b b b
How I think it should be

b b 6 b b
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19 1. I test students for factual informa- 5. I continuously assess student under-
tion at the end of the unit or chapter. standing.

How I view the present status

How I think it should be

20 1. In the last five years, I have not
attended any classes or read any books
that increased my understanding about
a topic in science.

How I view the present status

How I think it should be

5. In the last five years, I have attended
classes and/or read books that increased
my understanding about a topic in sci-
ence at least five times.

21 1. In the last five years, I have not
received instruction that improved my
abilities to teach science.

How I view the present status

How I think it should be

5. In the last five years, I have received
instruction that improved my abilities
to teach science five times or more.

2 2 1. Of the professional growth activities
I have participated in during the last
five years, the majority have consisted
of individual, unconnected, one- to
two-hour events.

5. Of the professional growth activities
I have participated in during the last
five years, the majority have consisted
of a variety of year-long, coherent
classes, workshops, or institutes.

How I view the present status
1 2 3 4 50
How I think it should be
1 2 3 4 50 0 0 0 0
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23 1. I never team teach.

How I view the present status

b
How I think it should be

2 4 1. I seldom talk with other teachers
about how to improve my teaching.

How I view the present status

b b
How I think it should be

25 1. My district uses only multiple
choice tests to measure the science
achievement of students.

How I view the present status

How I think it should be

b

5. I team teach daily or weekly.

b

b

5. I talk daily or weekly with other
teachers about how to improve my
teaching.

b

5. My district uses a variety of assess-
ments, including multiple choice ques-
tions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

26 1. In my classroom, I use only multiple
choice tests to measure the science
achievement of students.

How I view the present status

5. In my classroom, I use a variety of
assessments, including multiple choice
questions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

1 2 3 4 5
0 0 0 0 0
How I think it should be
1 2 3 4 5

0
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27 1. I use the results of classroom assess-
ments to assign students a grade.

How I view the present status

b b
How I think it should be

5. I use the results of classroom assess-
ments to improve my teaching and
provide detailed feedback to students
about their learning.

28 1. I communicate student achievement 5. I communicate student achievement
to parents only via grades on report to parents using results from a variety
cards. of assessments, such as performance

tasks and portfolios.
How I view the present status

How I think it should be

29 1. I communicate achievement to stu- 5. I provide students with opportuni-
dents by telling them their grades. ties to evaluate their own learning.

How I view the present status

How I think it should be

30 1. The resources and facilities at my
school are not sufficient for me to
teach high-quality inquiry science.

How I view the present status

How I think it should be
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high-quality inquiry science.
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31 1. In my school, students are tracked
according to their ability on achieve-
ment tests or previous grades in science
classes.

How I view the present status

5. In my school, students are free to
choose which science courses they take.

b b b b
How I think it should be

b b b b b

32 1. Students can graduate from my
school without significant instruction
in any one or mai the following
subjects: physical science, life science,
earth science.
How I view the present status

How I think it should be

b b

5. To graduate from my school, stu-
dents must have significant instruction
in a lad the following subjects: physical
science, life science, earth science.
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STATEMENTS FOR STUDENTS

1 1. I generally have poor relationships 5. I generally have excellent relation-
with my science teachers.

How I view the present status

How I think it should be

ships with my science teachers.

2 1. Science is not important to me 5. Science is important to me because I
because I will not use it in my career. will use it in my career.

How I view the present status

How I think it should be

b

3 1. I do not like learning science. 5. I enjoy learning science.

How I view the present status

b
How I think it should be

4 1. My teacher mostly lectures and gives
us worksheets.

How I view the present status

b b
How I think it should be
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5 1. I haven't learned very much in 5. I have learned a lot in science.
science.

How I view the present status

b b b b
How I think it should be

b b b b b

6 1. I know that science is biology,
chemistry, physics, and earth science.

How I view the present status

5. The science topics that interest me
the most are topics like the ozone that
include content from each of the
sciences.

b 6 b b
How I think it should be

b b b b b

7 1. My teacher does not care whether I 5. My teacher cares about each stu-
learn science or not.

How I view the present status

b
How I think it should be

b b

dent's learning.

b b b

b b b

8 1. In my science class, most of my time 5. In my science class, most of my time
is spent listening to my teacher and is spent conducting lab experiments
answering questions from the book or and discussing science topics with
worksheets. other students.
How I view the present status

How I think it should be

b b 6 b b

187



Appendix C: Needs Assessddat

9 1. In my science class, I am usually 5. In my science class, I usually know
unsure whether or not I learned some- whether or not I learned something.
thing.

How I view the present status

How I think it should be

b

10 1. I want to take biology, chemistry,
physics, and earth science.

How I view the present status

How I think it should be

5. I would like to take science classes
that have all the sciences in them every
year.
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STATEMENTS FOR ADM INITRATOR S

1 1. I generally have ineffective relation-
ships with other administrators.

How I view the present status

5. I generally have very effective rela-
tionships with other administrators.

b b
How I think it should be

b b

2 1. I generally have ineffective relation- 5. I generally have very effective rela-
ships with science teachers. tionships with science teachers.

How I view the present status

How I think it should be

3 1. I believe that a high school science 5. I believe that a high school science
education is only for students who are education is for all students regardless
preparing for a career in science. of their present choice of careers.

How I view the present status

How I think it should be

4 1. I believe that a high school science
education is not essential.

How I view the present status

How I think it should be

5. I believe that a high school science
education is at least as essential as an
education in mathematics or English.
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5 1. Teachers should maintain responsi-
bility and authority.

How I view the present status

5. Teachers should share the responsi-
bility for learning with students.

b b
How I think it should be

6 1. Teachers should encourage competi-
tion among students.

How I view the present status

How I think it should be

5. Teachers should encourage coopera-
tion and shared responsibility among
students.

b

7 1. Students should study biology,
chemistry, physics, and earth science.

How I view the present status

How I think it should be

5. Students should take science classes
that have all the sciences in them every
year.

8 1. Science is biology, chemistry,
physics, and earth science.

How I view the present status

How I think it should be

b

5. Science that blurs the boundaries of
the disciplines reflects the reality of the
natural world.
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9 1. My district uses only multiple
choice tests to measure the science
achievement of students.

How I view the present status

How I think it should be

-----__

5. My district uses a variety of assess-
ments, including multiple choice ques-
tions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

b b

10 1. Teachers should use only multiple
choice tests to measure the science
achievement of students.

How I view the present status

How I think it should be

5. Teachers should use a variety of
assessments, including multiple choice
questions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

11 1. Teachers should use the results of
classroom assessments to assign stu-
dents a grade.

How I view the present status

How I think it should be

5. Teachers should use the results of
classroom assessments to improve their
teaching and provide detailed feedback
to students about their learning.
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12 1. Teachers should communicate stu-
dent achievement to parents only via
grades on report cards.

How I view the present status

How I think it should be

13 1. Teachers should tell students their
grades.

How I view the present status

How I think it should be

5. Teachers should communicate student
achievement to parents using results
from a variety of assessments, such as
performance tasks and portfolios.

b

5. Teachers should provide students
with opportunities to evaluate their
own learning.

14 1. Parents in my community would 5. Parents in my community would
not support their students enrolling in support their students enrolling in
classes that integrate concepts from classes that integrate concepts from
biology, chemistry, physics, and earth biology, chemistry, physics, and earth
science. science.

How I view the present status

How I think it should be

b

15 1. My district uses very little of its Title 5. My district uses at least 40 percent
II money for science professional devel- of its Title II money for science profes-
opment. sional development.

How I view the present status
1 3 4 50 0 0 0 0
How I think it should be
1 2 3 4 50 0 0 0 0
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16 1. My district does not apply funds
other than Title II funds to high school
science professional development.

How I view the present status

How I think it should be

b b

5. My district applies funds other than
Title II funds to high school science
professional development.

b b b

17 1. Science professional development in
my district is targeted only to teachers.

How I view the present status

5. Science professional development in
my district targets both teachers and
administrators.

b b b b b
How I think it should be

b b b b b

18 1. My district provides professional
development for high school teachers
primarily in the form of one- to two-
hour discrete workshops or by sending
teachers to conferences or conventions.

How I view the present status

5. My district has a sustained, ongoing
system of professional development for
high school science teachers.

b b b b 6
How I think it should be

b b b b
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19 1. My district has a history of engaging
in projects of curricular or professional
growth change, then abandoning them
before real change is made.

How I view the present status

How I think it should be

b 6

5. My district has a history of engaging
in projects of curricular or professional
growth change, and completing and
sustaining them.
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STATEMENTS FOR PARENTS

1 1. I generally have an ineffective rela- 5. I generally have an effective relation-
tionship with my child's science ship with my child's science teacher.
teacher.

How I view the present status

b b b b
How I think it should be

b b b b b

2 1. I have a poor relationship with the
administrators at my child's school.

How I view the present status

How I think it should be

b b

5. I have a good relationship with the
administrators at my child's school.

b b b

3 1. I think that my child's science edu- 5. I think that my child's science edu-
cation is not important for his or her cation is very important for his or her
success in life. success in life.

How I view the present status

How I think it should be

b b b b b

4 1. Science was one of my least favorite 5. Science was one of my favorite
subjects in high school. subjects in high school.

How I view the present status

b b b b b
How I think it should be

b b b b b
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5 1. I want my child to take only biol- 5. I want my child to take science
ogy, chemistry, physics, and earth classes that have all the sciences in
science classes. them every year.

How I view the present status

How I think it should be

b

6 1. In the last two years, I have not 5. In the last two years, I have attended
attended any school functions (open at least ten school functions (open
house, athletic event, concert) and/or house, athletic event, concert) and/or
PTA meetings. PTA meetings.

How I view the present status

How I think it should be

7 1. I think that science is biology,
chemistry, physics, and earth science.

How I view the present status

How I think it should be

b

5. I think that biology, chemistry,
physics, and earth science topics con-
nect with each other and with other
nonscience topics.

8 1. I do not want my child to take classes
that integrate concepts from biology,
chemistry, physics, and earth science.

How I view the present status

5. I would support my child enrolling
in classes that integrate concepts from
biology, chemistry, physics, and earth
science.

1 2 3 4 5

0 0 0 0 0
How I think it should be
1 2 3 4 5
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9 1. I have never met/spoken with my 5. I meet/speak with my child's science
child's science teacher.

How I view the present status

teacher at least once per grading period.

b 6 b b
How I think it should be

b b b b b

10 1. I have never been involved in deci- 5. I am heavily involved in decisions
sions about policy changes at my about policy changes at my child's
child's school. school.

How I view the present status

b b b b b
How I think it should be

b b b b b

11 1. I have no interest in being involved
with decisions about policy changes at
my child's school.

How I view the present status

b b b b b

5. I would like to become/continue to
be involved with decisions about policy
changes at my child's school.

How I think it should be

b b b b b
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STATEMENTS FOR THE SCHOOL BOARD
(This section is optional.)

1 1. The relationship between the school 5. The relationship between the school
board and the district administrators is board and the district administrators is
generally poor. generally very good.

How I view the present status

b b b
How I think it should be

2 1. I believe that a high school science 5. I believe that a high school science
education is only for students who are education is for all students regardless
preparing for a career in science. of their present choice of careers.

How I view the present status

How I think it should be

3 1. I believe that a high school science
education is not essential.

How I view the present status

How I think it should be

5. I believe that a high school science
education is at least as essential as an
education in mathematics or English.

4 1. Teachers should maintain responsi-
bility and authority.

How I view the present status

How I think it should be
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b
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5 1. Teachers should encourage competi-
tion among students.

How I view the present status

5. Teachers should encourage coopera-
tion and shared responsibility among
students.

b b 6 b
How I think it should be

b b b 6 b

6 1. Students should study biology,
chemistry, physics, and earth science.

How I view the present status

5. Students should take science classes
that have all the sciences in them every
year.

b b b b b
How I think it should be

b b b b b

7 1. Science is biology, chemistry,
physics, and earth science.

How I view the present status

5. Science that blurs the boundaries of
the disciplines reflects the reality of the
natural world.

b b b b b
How I think it should be

,),D b b b b

8 1. My district uses only multiple
choice tests to measure the science
achievement of students.

How I view the present status

5. My district uses a variety of assess-
ments, including multiple choice ques-
tions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

b b b b b
How I think it should be

,),D b b 6 b
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9 1. Teachers should use only multiple
choice tests to measure the science
achievement of students.

How I view the present status

5. Teachers should use a variety of
assessments, including multiple choice
questions, constructed response ques-
tions, hands-on performance tasks, and
portfolios to measure the science
achievement of students.

b b

How I think it should be

b

10 1. Teachers should use the results of
classroom assessments to assign stu-
dents a grade.

How I view the present status

How I think it should be
1 2 3

1. Teachers should communicate stu-
dent achievement to parents only via
grades on report cards.

How I view the present status

How I think it should be

5. Teachers should use the results of
classroom assessments to improve their
teaching and provide detailed feedback
to students about their learning.

4 5

5. Teachers should communicate student
achievement to parents using results
from a variety of assessments, such as
performance tasks and portfolios.
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12 1. Parents in my community would 5. Parents in my community would
not support their students enrolling in support their students enrolling in
classes that integrate concepts from classes that integrate concepts from
biology, chemistry, physics, and earth biology, chemistry, physics, and earth
science. science.

How I view the present status

b b b b
How I think it should be

b b ,D b b

13 1. My district uses very little of its Title 5. My district uses at least 40 percent
II money for science professional of its money for science professional
development. development.

How I view the present status

How I think it should be

b b b b b

14 1. My district does not apply funds
other than 'Title II funds to high school
science professional development.

How I view the present status

5. My district applies funds other
than Title II funds to high school sci-
ence professional development.

b b b b b
How I think it should be

b b b b b

15 1. The school board in my district is
never involved in high school curricu-
lar changes.

How I view the present status

5. The school board in my district is
always involved in high school curricu-
lar changes.

b b b b b
How I think it should be
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STATEMENTS FOR TEACHER EDUC NIOR S
(This section is optional.)

1 1. I believe that a high school science 5. I believe that a high school science
education is only for students who are education is for all students regardless
preparing for a career in science. of their present choice of careers.

How I view the present status

b
How I think it should be

b

2 1. I believe that a high 'school science
education is not essential.

How I view the present status

b

5. I believe that a high school science
education is at least as essential as an
education in mathematics or English.

b b
How I think it should be

3 1. In my preservice teaching, I focus
on students' acquisition of knowledge.

How I view the present status

How I think it should be

5. In my preservice teaching, I focus
on students' understanding and use of
scientific knowledge, ideas, and inquiry
processes.
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4 1. In my preservice teaching, I present
scientific knowledge through lecture,
text, and demonstration.

How I view the present status

How I think it should be

5 1. In my preservice teaching, I ask stu-
dents to recite acquired knowledge.

How I view the present status

How I think it should be

5. In my preservice teaching, I guide
students in active and extended scien-
tific inquiry.

b

5. In my preservice teaching, I provide
opportunities for students to engage in
scientific discussion and debate.

6 1. In my preservice teaching, I test stu- 5. In my preservice teaching, I contin-
dents for factual information at the uously assess student understanding.
end of the unit or chapter.

How I view the present status

How I think it should be

7 1. Teachers should feel confident about 5. Teachers should feel confident about
my understanding of concepts in one my understanding of concepts in a latf
of the following: biology, chemistry, the following: biology, chemistry,
physics, and earth science. physics, and earth science.

How I view the present status

How I think it should be

b

2r3
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8 1. Teachers should organize their teach- 5. Teachers should organize their teach-
ing around science content, much like ing around themes like systems,
the organization of a science textbook. change, water, and energy.

How I view the present status

How I think it should be

9 1. Teachers should maintain responsi-
bility and authority.

How I view the present status

b

How I think it should be

5. Teachers should share the responsi-
bility for learning with students.

10 1. Teachers should encourage competi-
tion among students.

How I view the present status

How I think it should be

5. Teachers should encourage coopera-
tion and shared responsibility among
students.

1. Teachers should make decisions
about what to teach based on the con-
tent of a textbook.
How I view the present status

How I think it should be

5. Teachers should make decisions
about what to teach based on content
linked to StandararlsBenchmarks



198 Making Sense of Integrated Science

12 1. My college's preservice program does
not reflect the vision of national
science education reform efforts.
How I view the present status

How I think it should be

5. My college's preservice program
reflects the vision of national science
education reform efforts.

13 1. My college's preservice courses treat
science disciplines as separate, uncon-
nected topics.

How I view the present status

How I think it should be

5. My college's preservice courses help
preservice teachers understand and
teach science disciplines in a
connected, integrated manner.

14 1. My colleagues and I make all deci-
sions about professional development
inservice opportunities that we provide.

How I view the present status

How I think it should be

5. Teachers and other school district
personnel are the source of ideas about
professional development inservice
opportunities that we provide.

15 1. Teachers should focus on students'
acquisition of knowledge.

How I view the present status

How I think it should be

5. Teachers should focus on students'
understanding and use of scientific
knowledge, ideas, and inquiry processes.

b
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16 1. Teachers should present scientific 5. Teachers should guide students in
knowledge through lecture, text, and active and extended scientific inquiry.
demonstration.

How I view the present status

b b
How I think it should be

b

17 1. Teachers should ask students to
recite acquired knowledge.

How I view the present status

How I think it should be

5. Teachers should provide opportuni-
ties for students to engage in scientific
discussion and debate.

18 1. Teachers should test students for fac-
tual information at the end of the unit
or chapter.

How I view the present status

How I think it should be

5. Teachers should continuously assess
student understanding.

19 1. Teachers should maintain responsi- 5. Teachers should share the responsi-
bility and authority.

How I view the present status

How I think it should be
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20 1. Teachers should encourage competi-
tion among students.

How I view the present status

5. Teachers should encourage coopera-
tion and shared responsibility among
students.

b ,D,b b
How I think it should be

b b b b b

21 1. Students should study biology,
chemistry, physics, and earth science in
high school.

How I view the present status

How I think it should be

5. Students should take high school
science classes that have all the sciences
in them every year.

b b b b b

22 1. Science is only biology, chemistry,
physics, and earth science.

How I view the present status

5. Science that blurs the boundaries of
the disciplines reflects the reality of the
natural world.

b b b b b
How I think it should be

b b b b b

23 1. Teachers should use only multiple
choice tests to measure the science

How I view the present status

5. Teachers should use a variety of
assessments, including multiple choice
questions, constructed response (essay)
questions, hands-on performance tasks,
and portfolios to measure the science
achievement of students.

b b 6 b b
How I think it should be

b b b b b
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24 1. Teachers should use the results of
classroom assessments to assign stu-
dents a grade.

How I view the present status

5. Teachers should use the results of
classroom assessments to improve their
teaching and provide detailed feedback
to students about their learning.

b b b b
How I think it should be

b b b b b

25 1. Teachers should communicate stu-
dent achievement to parents only via
grades on report cards.

How I view the present status

5. Teachers should communicate student
achievement to parents using results
from a variety of assessments, such as
performance tasks and portfolios.

b ,, b b
How I think it should be

b b b b b

26 1. Teachers should tell students their
grades.

How I view the present status

5. Teachers should provide students
with opportunities to evaluate their
own learning.

b b b b b
How I think it should be

b b b b b

27 1. Science professional development in
which my college is involved targets
only teachers.
How I view the present status

5. Science professional development in
which my college is involved targets
both teachers and administrators.

a b b b b
How I think it should be

a b b b b
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28 1. My college provides professional
development for high school science
teachers primarily in the form of one-
to two-hour discrete workshops or by
sending teachers to conferences or con-
ventions.

How I view the present status

How I think it should be

b

5. My college has a sustained, ongoing
system of professional development for
high school science teachers.

b
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STATEMENTS FOR BUSNESS AND IN DU STRY
(This section is optional.)

1 1. I don't think that a strong science 5. I think that a strong science educa-
education is crucial to preparing stu- tion is crucial to preparing students for
dents for college. college.
How I view the present status

b b b b
How I think it should be

b b

2 1. I don't think that a strong science 5. I think that a strong science educa-
education is crucial to preparing stu- tion is crucial to preparing students for
dents for the workplace. the workplace.

How I view the present status

b b b b b
How I think it should be

b b b b b

3 1. Science was not a very strong subject
for me in high school.

How I view the present status

How I think it should be

b b

5. Science was a strong subject for me
in high school.

b b b

4 1. I believe that high school science 5. I believe that high school science
education is only for students who are education is for all students regardless
preparing for a career in science. of their present choice of careers.

How I view the present status

b b b b b
How I think it should be

b b b b b
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5 1. I believe that a high school science
education is not essential.

How I view the present status

How I think it should be

b

6 1. Science is biology, chemistry,
physics, and earth science.

How I view the present status

How I think it should be

5. I believe that a high school science
education is at least as essential as an
education in mathematics or English.

b

5. Science that blurs the boundaries of
the disciplines reflects the reality of the
natural world.

7 1. My business/industry is never 5. My business/industry is heavily
involved in science curricular changes involved in science curricular changes
in my community. in my community.

How I view the present status

How I think it should be

b b

8 1. My business/industry has no scien- 5. My business/industry has a strong
tific or technical orientation.

How I view the present status

How I think it should be

scientific or technical orientation.
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9 1. My business/industry never con- 5. My business/industry contributes or
tributes or shares resources with the shares resources generously with the
school district in my community school district in my community.

How I view the present status

How I think it should be

b b

10 1. Science is not important to the eco- 5. Science is important to the
nomic improvement of our country. economic improvement of our country.

How I view the present status

b
How I think it should be
1 2 3 4 5

11 1. Science is not important to the skills 5. Science is important to the skills and
and abilities of our future workforce. abilities of our future workforce.

How I view the present status

How I think it should be
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Next Step Questions:
Questions to Consider before
Making a Decision

After the district leadership team has completed the needs
assessment and has analyzed the results, the team is ready to
revisit some fundamental questions and consider some new
ones. The following questions represent a place to begin.

1. What are your specific goals for students with respect to
integrated science? What do you want them to learn?

2. How do your goals for students with respect to inte-
grated science align with the state, district, and national
goals?

3. What evidence does the district have that integrated
science programs are successful? Is this enough evidence

upon which to base a change?
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4. Do you think that integrated science will meet the needs

of many students in your high school?

5. Will integrated science be offered to all students?

6. How does integrated science at the high school level articulate
with the greater science program at the district level?

7. What background knowledge and skills will the students have
when they enter an integrated science class?

8. What will the teachers' expectations of their students be?

9. How will integrated science prepare the students for the future?

10. Based on your goals for students with respect to integrated
science, how much instruction time do you want to dedicate
to it?

11. How will you assess student learning?

12. How will your district support the necessary professional devel-
opment of teachers, especially with respect to their content
knowledge across the discipline boundaries?

13. How will the district ensure that teachers have other resources
that they need to implement integrated science?

14. How can you use integrated science to attend to
often-overlooked standards (for example, history and the
nature of science)?

15. What will you integrate (for example, science disciplines, con-
cepts, threads such as math and technology)?

16. What are the incentives for teachers?

17. What are the hurdles for teachers?
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18. What will the professional development opportunities look like?

19. How will the district respond to questions about the academic
soundness of the integrated science approach?

20. How might an integrated science program meet the academic
standards that various constituencies expect (for example,
administrators, parents, school boards, businesses, and college

admissions officials)?
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APPENDIX E

The Integrated Science
Program at Your School:
Guidelines for Writers

[The writers of the scenarios in Chapter 4 followed
these guidelines.]

As you develop and write your integrated science (IS) sce-
nario, please organize it into the following main categories.
As you write each section, please incorporate answers to each
set of questions. Do not list the question and then write your
answer; rather, write your scenario in a coherent manner so
that you provide answers to these questions. The number of
words suggested for each section is just a guideline; write
what you need to so that you provide the important infor-
mation that reflects your experience.

DESCRIPTION OF YOUR SCHOOL (150-200 words)
1. What is the student population of your school?
2. How would you describe the character of your school

district?
3. What is your science program like?

a. State or district standards
b. State or district assessments

4. What are the graduation requirements in science?
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DESCRIPTION OF THE IS PROGRAM AT YOUR SCHOOL

(200-250 words)
1. At what grade level(s) is IS taught?
2. How many years is your IS program? Which years?
3. Who takes this course? What percentage of students? Which

students?
4. Provide a detailed overview of the program content:

a. Vehicle for integration
b. Scope and sequence with particular concepts outlined

BACKGROUND OF THE IS PROGRAM INCLUDING HURDLES
(400-500 words)
1. What was the impetus for change?
2. What background work took place before changes began?
3. Which stakeholders were involved in the decision-making

process?

a. Was there a consensus?
b. How were differences in opinions addressed?

4. What was the time line for change?
5. What was the educational climate?
6. What were the implications for professional development? How

were they addressed?
7. What were the financial implications of the changes? How were

they addressed?

CONCERNS OF THE STAKEHOLDERS (1,800-2,000 words)

TEACHERS

1. Who is teaching IS?
2. How were those teachers selected?
3. What type of professional development opportunities existed for

them at the beginning and now?
4. What is the range of attitudes that teachers teaching IS have

with respect to their IS classrooms?
5. Have you seen a change in attitudes since the initial implemen-

tation of IS programs?

STUDENTS

1. Who is taking IS?
2. What choices in science courses do they have?
3. What do students say about their experiences in the IS class-

room? What are their attitudes?
4. What do their test scores show?
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PARENTS

1. Have parents been receptive to the changes?
2. How have their attitudes and concerns been addressed?
3. How have their attitudes changed across time?

ADMINISTRATION

1. Have principals, science supervisors, and curriculum specialists
been supportive?

2. Have they supported the necessary changes in the structure of
the school dayproviding team-teaching and team-planning
time?

3. Have they provided teachers with professional development
opportunities to help them implement IS?

4. Are they supportive of the leave time that teachers need?

SCHOOL BOARD

1. What was the school board's role in implementing these
changes?

2. How much support have members provided schools and teachers?

COLLEGES

1. Did your school district determine whether colleges and univer-
sities will accept IS for college admissions?

2. How successful was that endeavor?
3. What are you finding as students who have taken IS apply to

colleges?

CURRICULUM MATERIALS FOR THE IS PROGRAM (500 words)

1. How did you decide what curriculum to use?
2. Are you using commercial textbooks? If so, which ones?
3. Are you using district-developed curriculum? If so, to what

extent? Who develops it?
4. Are teachers responsible for finding their own materials?
5. How effective are your materials?
6. What changes have you made in your curriculum since you

began?
7. If your area is producing its own curriculum, is there enough

time, resources, expertise, and general support to do so?

2 (6
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ASSESSMENT (250-300 words)
1. How do you assess your students?
2. How is assessment in IS different from assessment in discipline-

specific programs?
3. Do you assess concepts that cross discipline boundaries?
4. How do students perform on such assessments?
5. How do students perform on standardized tests?
6. How do students perform on state exit exams?

PLANS FOR THE FUTURE (100 words)
1. Do you have any plans to expand the IS program at your school

or in your district?

OTHER CHARACTERISTICS OF YOUR IS PROGRAM OR

EXPERIENCE (200-300 words)

1. Are there other aspects of the IS experience at your school that
you feel are important?



APPENDIX F

Frequently Asked Questions about
Integrated Science at the High
School Level

Below, we provide brief answers to some of the frequently
asked questions about integrated science. For more in-depth
answers, we refer you to sections of this guide.

1. What exactly is integrated science (IS)? Chapter 1

The concept of integrated science means different things
to different people. In fundamental terms, it represents a
course of study in the sciences that draws on content and
concepts from all of the major disciplines of science
earth science (including space science), life science (biol-
ogy), and physical science (chemistry and physics). In
some models of integrated science, the goal is to provide
activities and studies that integrate all of the disciplines
all of the time. In other models, the goal is to teach con-
cepts from all of the disciplines, but not necessarily to
integrate all disciplines in every lesson or every unit. For
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a complete discussion of a range of models and vehicles for inte-
grating the content, see Chapter 1.

Introduction 2. Why have schools started offering integrated science courses?
Chapter 1

Schools have started offering integrated science courses for a
number of reasons including the following: the need to meet
state and national standards in all of the disciplines of science;
the need to engage a greater diversity of students in science; the
need to prepare students for high school exit exams that cover
the sciences; and the need to provide a coherent alternative to
the traditional sequence of biology, chemistry, and physics. For a
complete discussion, see the Introduction and Chapter 1.

Appendix H 3. How many states currently offer integrated science programs at
Chapter 4 the high school level and at what grade or grades?

Currently, thirty-one states report offering some integrated sci-
ence at the high school level. A few states, such as West Virginia,
are mandating integrated science for ninth and tenth graders. In
some states, such as Florida, school districts are offering two- or
three-year sequences in integrated science as a coherent, alterna-
tive course of study but offer the traditional sequence as well.
Many states have only a few school districts offering integrated
science. Most states that offer integrated science, offer it to
ninth and tenth graders, and many states are expanding their
offerings to eleventh and twelfth graders as well. For a state-by-
state status report, see Appendix H. For a detailed description of
three actual scenarios in three school districts, see Chapter 4.

Chapter 4 4. Who takes integrated science?

Across the country, students of all academic abilities and inclina-
tions are taking integrated science. The idea that integrated sci-
ence is only for students who are not planning to take any more
science or are not planning to go to college is an idea of the
past. Currently, students of all abilities and inclinations are
enrolled in integrated science classes. In general, students find
that integrated science engages them in science in ways that
other science classes do not. For a description of students who
take integrated science, see the three scenarios in Chapter 4.
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5. What do the students learn? How effective are these courses in Chapter 4
enhancing students' understanding of concepts in science?

The impact that integrated science has on student learning is, of
course, a central concern. In some states, such as California and
Florida, where integrated science has been in the schools for a
while, we are beginning to see some good data, but it is also dif-
ficult to get true comparison studies. In general, if the quality of
the program and the quality of the teaching are both high, it
seems that students are learning at least as much as students in
traditional classes. In Brevard County, Florida, where they offer
both integrated science and the traditional sequence, they are
finding that the overall science scores are going up. We do not
anticipate that students will necessarily learn more in integrated
science than they do in other science courses, but that more stu-
dents may have an opportunity to learn a coherent set of con-
nected concepts in science. We encourage all schools and dis-
tricts to carefully collect information about student learning in
integrated science, to allow the results to inform instruction, and
we ask that you share your results with the rest of us. For some
results with respect to student learning, see the three scenarios in
Chapter 4.

6. Who teaches integrated science? What about certification? Chapter 4

Across the country, the reality is that teachers from all of the sci-
ences are teaching integrated science. Some teachers are teaching
integrated science because they want to, and some teachers are
teaching integrated science because that is their assignment.
Some states certify teachers by specific discipline, and some cer-
tify teachers in general science only. California and Utah, for
example, are now offering a type of integrated (or coordinated or
unified) teaching credential. For a description of the teachers of
integrated science, see the three scenarios in Chapter 4.

7. What about admissions to college? Chapter 4

The issue of college entrance has been a big concern all along,
but state by state and college by college, it looks as though this
problem eventually will be solved for the majority of colleges.
There are three main lessons that we have learned from school
districts that already have been through the process: (1) be cer-
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Appendix G

Chapter 2
Chap ter 3
Chapter 4

Chapter 3
Chapter 4

tain that there is a lab component in the integrated science
course that you develop, (2) write the course description care-
fully and thoroughly to include all disciplines and the lab com-
ponent, and (3) communicate with colleges and universities early
in the process and ask them for letters approving your courses.
Brevard County, Florida, has been very successful in having col-
leges across the country accept integrated science credits (see the
Florida Scenario in Chapter 4).

8. What curriculum materials are available for teaching integrated
science? What materials are under development?

Some relatively new curriculum materials are available for teach-
ing integrated science at the high school level, and there are
more currently under development. In addition, we have found
that many schools and districts develop their own materials. See
Appendix G for a description of the current curriculum
materials.

9. What is the best way to implement such a program?

The most successful integrated science programs are those in
schools and districts that have taken the time to plan carefully
and address the concerns of all stakeholders along the way. These
successful programs also implemented the change slowly across
several years. For a detailed description of planning for change
and implementing an integrated science program, see Chapters 2
and 3 as well as the scenarios in Chapter 4. The Florida Scenario
outlines a detailed and incremental implementation plan.

10. What are the challenges of implementing an integrated science
program in high schools?

The challenges will vary from school to school and district to
district. Many of the challenges are predictable and to be
expected, such as resistance from some teachers; the professional
development needs of teachers; the small supply of curriculum
materials; the questions from students, parents, and school board
members; the problems of structuring the school day to accom-
modate the needs of teachers; and the articulation with science
course work across grade levels. For a detailed description of
planning for implementation, see Chapter 3. For details on how
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integrated science programs were implemented in three school
districts around the country, see Chapter 4.

11. How can schools best help teachers prepare to teach integrated
science?

It is no surprise that the most successful programs in integrated
science are in school districts where the teachers are supported
both philosophically and practically as they implement the new
program. Schools can help by planning carefully, including
teachers in all decision-making processes, providing for and
funding the initial and ongoing professional development needs
of teachers, and providing some flexibility in structuring the
school day. For details about how schools might best do this, see
Chapters 2 and 3. For details on what three different schools
and districts did to support teachers, see the three scenarios in
Chapter 4. The Florida Scenario outlines the most support for
teachers. For details of the Concerns-Based Adoption Model
and how it relates to implementing integrated science, see
Appendix A.
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List of Curriculum Materials
for Integrated Science
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LIST OF RECENT, NSF-FUNDED CURRICULUM MATERIALS FOR

INTEGRATED SCIENCE AT THE HIGH SCHOOL LEVEL

Name of Program Developer and
Principal

Investigator

Publisher When
Available

Grade
Level

Format

The Changing
Global
Environment (one-
year ecology-based
program)

Brian Drayton,
TERC,
Cambridge, MA

Kendall/
Hunt
Publishing
Company.
Dubuque, IA

currently
available

11 cr 12 three
modules

Prime Science
(builds on the
Salter's Science
Project)

Penny Moore,
University of
California
Berkeley

Kendall/
Hunt
Publishing
Company,
Dubuque, IA

currently
available

9-10
(6-8
also)

textbooks

Global Laboratory
(one-year, Web-
based, environ-
mental studies
program)

Boris Berenfeld.
TERC,

Cambridge, MA

Kendall/
Hunt
Publishing
Company,
Dubuque, IA

spring
2000

high
school

five
units,
student
research
guide

Earth Sciences in
the Community
(EarthCom)
(an earth-science-
based program)

Michael Smith,
AGI,

Alexandria. VA

Its About
Time
Publishing,
Armonk, NY

August
2000

9-12 modules,
teacher
resources

Voyages through
Time
(one-year, techrxiogy-
based curriculum
focusing on evolu-
tion)

Jill Tarter.J

SETI Institute,
Los Altos, CA

May
2002

high
school

six

modules

Science and
Sustainability
(one-year program,
part of the SEPUP
series)

Herbert Thier,
Lawrence Hall
of Science,
University of
California
Berkeley

Lab -Aids,

Ronkonkoma,
NY

currently
available

10-12 four
modules
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APPENDIXH

Survey Results

During 1999, BSCS surveyed the offices of state science
supervisors to determine the interest in and current status of
integrated science programs at the high school level across
the country. We coordinated these results with information
from the Chief Council of State School Officers (CCSSO,
1998) and have included statements from teachers around
the country
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SURVEY RESPONSES FROM THE OFFICES OF

STATE SCIENCE SUPERVISORS

State How many
years of science

required for
graduation?

What is your
level of interest

in integrated
science at high

school?

Do high schools
in your state

offer integrated
science?

If so, at what
grade level(s)
is it offered?

Alabama 4 medium no

Alaska 2 medium yes 9

Arizona 2 high yes 9

Arkansas 3 medium yes 9

California 2 high yes 9-12

Colorado local board
determines

medium yes 9-10

Connecticut 2 medium yes 9-10

Delaware 2 no response

District of
Columbia

3 high yes 9

Florida 3 high yes 9-12

Georgia 3 high yes 9-10

Hawaii 3 no response

Idaho 2 medium yes 9-10
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State Are the courses in
integrated science

in your state
effective?

What are your major concerns
about integrated science at the

high school level?

Are there
plans to
pandxeintegratted he

science
programs?

Alabama college entrance requirements

Alaska professional development needs dont' know

Arizona too soon to tell professional development needs,
teacher certification

yes

Arkansas too soon to tell teacher resistance don't know

California yes professional development needs,
teacher resistance

yes

Colorado too soon to tell college entrance, lack of
curriculum materials

don't know

Connecticut yes still have a need for
discipline-specific content

maybe

Delaware no response

District of
Columbia

don't know lack of curriculum materials maybe

Florida yes professional development needs,
some teacher resistance

yes

Georgia don't know teacher resistance,
high school competency exam

Hawaii no response

Idaho don't know lack of curriculum materials
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230 Making Sense of Integrated Science

State How many
years of science

required for
graduation?

What is your
level of interest

in integrated
science at high

school?

Do high schools
in your state

offer integrated
science?

If so. at what
grade level(s)
is it offered?

Illinois 1 low yes 9

Indiana 2 medium yes 9-10

Iowa local board
determines

high yes 9-10

Kansas 2
. .

medium no

Kentucky 3 high no

Louisiana 3 high no

Maine 2 high no

Maryland 3 medium yes 9-10

Massachusetts local board
determines

high yes 10-11

Michigan local board
determines

high yes 9-12

'

Minnesota standards
based

high yes 9-10

Mississippi 3 medium no

Missouri 2 low no

Montana 2 medium no
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State Are the courses in
integrated science

in your state
effective?

What are your major concerns
about integrated science at the

high school level?

Are there
plans to

the
integratedtegrated

science
programs?

Illinois don't know professional development needs

Indiana too soon to tell assessments for integrated science maybe

Iowa too soon to tell teacher resistance, college
entrance requirements

yes

Kansas college entrance requirements

Kentucky lack of curriculum materials

Louisiana lack of curriculum materials

Maine professional development needs

Maryland yes assessment in integrated science

Massachusetts don't know tenth-grade state exam.
teacher resistance

maybe

Michigan don't know professional development needs,
state exam in science

Minnesota yes lack of curriculum materials,
state competency tests

maybe

Mississippi professional development needs

Missouri teacher resistance

Montana teacher resistance,
professional development needs
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State How many
years of science

required for
graduation?

What is your
level of interest

in integrated
science at high

school?

Do high schools
in your state

offer integrated
science?

If so, at what
grade level(s)
is it offered?

Nebraska local board
determines

high no

Nevada 2 high yes 9-10

New Hampshire 2 medium yes 9-10

New Jersey 2 high yes 9-11

New Mexico 2 medium yes 9

New York 2 medium no

North Carolina 3 no response

North Dakota 2 medium yes 9

Ohio 1 low no

Oklahoma 2 no response

Oregon 2 high yes 9-10

Pennsylvania under revision high yes 9-10

Rhode Island 2 medium no

South Carolina 2 medium no

South Dakota 2 high yes 9-11
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State Are the courses in
integrated science

in your state
effective?

What are your major concerns
about integrated science at the

high school level?

Are there
plans to

expand the
integrated

science
programs?

Nebraska

Nevada

teacher resistance

yes professional development needs,
high school proficiency exam

New Hampshire lack of curriculum materials

New Jersey don't know college entrance requirements,
high school proficiency test

New Mexico don't know college entrance requirements

maybe

maybe

yes

maybe

New York Regent's exam, lack of
curriculum materials

North Carolina no response

North Dakota don't know lack of curriculum materials maybe

Ohio professional development needs

Oklahoma no response

Oregon yes professional development needs,
teacher certification

Pennsylvania yes teacher resistance, assessment
in integrated science

maybe

yes

Rhode Island teacher certification,
teacher resistance

South Carolina teacher resistance

South Dakota don't know lack of curriculum materials
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State How many
years of science

required for
graduation?

What is your
level of interest

in integrated
science at high

school?

Do high schools
in your state

offer integrated
science?

If so, at what
grade level(s)
is it offered?

Tennessee 3 medium no

Texas 2 low no

Utah 2 high yes 9

Vermont 5
(math and science
combined)

medium no

Virginia 3 high yes 9-10

Washington 2 high yes 9-12

West Virginia 3 high yes 9-10

Wisconsin 2 medium yes 9-10

Wyoming 3 high yes 9
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State Are the courses in
integrated science

in your state
effective?

What are your major concerns
about integrated science at the

high school level?

Are there
plans to

expand the
integrated

science
programs?

Tennessee teacher resistance

Texas state exit exams, college
entrance requirements

Utah yes teacher resistance

Vermont professional development needs

Virginia don't know teacher certification, state
end-of-course exams

Washington yes lack of curriculum materials yes

West Virginia too soon to tell lack of curriculum materials

Wisconsin don't know assessments in integrated science,
lack of curriculum materials

maybe

Wyoming too soon to tell professional development needs

BEST COPY AVAILABLE
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A SAMPLING OF COMMENTS FROM TEACHERS
AND ADMINISTRATORS AROUND THE COUNTRY

Comments on the rationale for teaching integrated science:

"We are a rural district of 800 students and one high school.
Teaching it (integrated science) for six years at high school level
(grades 9-12). I believe it is the best reasonable way to meet
Washington State standards by grade ten."

Teacher, Washington

"As an effective way of meeting state standards and keeping
interest high. Some areas seem to naturally lend themselves more
to integrated science, such as environmental science and
biology/chemistry.),

Science Department Chair, Pennsylvania

"It is a definite way to assure all students can meet the national
standards."

Teacher, Arizona

"Don't like to see kids going to college with their last physics in
the eighth grade."

Teacher, Missouri

"Remember that high school students aren't all college prep ...
but they are consumer and citizen prep."

Teacher, Minnesota

"With the new standardized testing in our state, we need to look
at programs that will work for us. I think an integrated science
program will."

Teacher, Massachusetts

23k)
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Comments about teaching integrated science:

"We are going to an integrated program completely by 2000
2001 ."

Teacher, Arizona

"We have tried to develop such a program for the last two
years.

Teacher, Illinois

"I feel all of our science programs will move toward a 9-10
integrated science sequence due to state testing."

Teacher, Arizona

"Our district is implementing a spiral approach K-8 and
planning integrated science for 9-10 or 9-12."

Science Department Chair, Wisconsin

"We need a coherent, curriculum program that is conceptually
appropriate for the high school level."

Teacher, Wisconsin

"They meet with a lot of teacher resistance at high school level."
District Science Supervisor, Florida

"At our school, we offer Integrated/Coordinated Science 1 and
2, and all students taking science take these courses."

Teacher, California

"Teaching integrated science has definitely increased the interest
in science at our school and has increased the enrollment in
science classes beyond the two-year requirement."

Science Department Chair, California
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