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PREFACE

This report is a blucprint for the creation of an cffective, national
program of scicnce education for American clementary school chil-
dren. It draws together the best that is now known about curriculum,
instruction, asscssment, and tcacher development for clementary
scicnce. It was written in response to a widely expressed need to
improve American cducation in gencral and scicnce education in
particular.

It is dirccted primarily to those who have a concern with, and a
responsibility for, t' : education of children in public schools: clemen-
tary school tcachers and principals, science specialists, curriculum
dircetors, assessment personnel, staff development Icaders, school
district supcrintendents and administrators, state and federal education
officials, university professors, and policy boards at all levels of
American cducation.

Educational spccialists who read this report can delve more deeply
inito the components of our proposed plan by requesting the longer
and morc technical reports on which this report is based. Three
rcports may be ordered from the Center:

Science and Technology Education for the Elementary Years:
Frameworks for Curriculum and Instruction

Assessment in Elementary School Science Education

Developing and Supporting Teachers for Elementary School Science
Education

Implcmentation guidces to assist educators in realizing this coordinated
approach to clementary school science arc also available from the

Center.

The synthesis and recommendations in this report were formulased
with the help of the Center’s Advisory Board and the three study
pancls, whosc members are listed on pages ii through vi.  We
gratefully acknowledge the help given us by the Advisory Board, by
the three pancls, and by others who have made suggestions for the
text of this report.
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EXECUTIVE SUMMARY

Clearly, most Americans can
learn about science and tech-
nology, ard, if they w:e to
compete in the global muarket-
lace and exploit their personal
potential to the fullest, they
must learm about science and
technology.
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Scicncc and technology are the foundations of modern civilization.
The rate at which new discoveries are being made and the bencefits of
new technologies are being integrated into the average person’s day-
to-day hfe is exponential.  And, as we make new demands on science
¢d technology, scicnee and technology are making new demands of
us. The standards for technical and scientific literacy that the work
force must mect are becoming more stringent, not less.  Cle. -y, most
Americans can learn about science and technology, and, if they are to
compete in the global marketpiace and exploit their personal potential
to the fullest. they must learn about science and technology.  Getting
Started in Science is a blueprint for an clementary school educational
system that will help meet, well into the twenty-first ¢entury, the
Amecrican student’s nend for a scientilic and technical education. It is
the initial cffort on the part of the Center to address kindergarten
through high schoot science education.

The hands-on. inquiry-based, constructivist approach to science
that the Center recommends in this report is straightforward enough,
yet the issues that must be resolved belore this approach to science is
truly realized in clementary classrooms are complex.  The particular
issues fall into three genceral categories:  curriculum and instruction,
assessment, and teacher development and support.

Curviculum and Instruction. The curricslum framework the
Center recommends consists of major science and technology
coneepts, taught so that topics and experiences chosen to ilustrate
them bear a direct relationship to the stedents” world.  Rather than
shimming 4 great many coneepts, the students should study these cw
concepts in great depth. They are: organization, cause and eff ct,
systems, scale, models, change, structure and function, discontinuous
and continuous propertics, and diversity.  The framework suggested by
the Zenter allovs teachers, school districts, and other educational
decision makers to create curricula consising of hands-on activitics
and visual, auditory, and written informution sources that encourage
students to aevelop their scicatific and technologic knowledge, skills,
and attitudes within a peisonatly and socially meaningful context,
Also, the science curricul.as should present an opportunity and a
conteat for the students to hone their reading, writing, speaking, and

vil
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Teachers must become
strategists who
determine whether to
use competitive
activities, indi-

vidual work, or
cooperative groups.
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mathematical skills.

The instructional framework takes a constructivist approach to
learning, which means the students gradually construct their concepts
and skills through a varicty of experiences. The framework defines
new roles for teachers. They must become strategists who determine
whether to use competitive activitics, individual work, or coopcrative
groups. The teacher must learn to address the students’ learning
styles and manage their lcarning.  Teachers should also model the
qualitics they wish to encourage in their students by showing awe,
curiosity, and enthusiasm. In addition to defining new roles for
tcachers, the instructional framework provides the tcacher with a
four-stag.. tcaching model. Each stage of the model is characteristic
of the approach scicnce and technology professionals take when they
lcarn and apply new skills, and the model is consistent with current
rescarch on children’s learning in science.

Assessment. When considering how assessment of clemeniary
scicnce cducation might be improved, the Center focused on four key
points. First, national asscssments have raisecd awarencss among
policymakers and the public about the importance of scicnce learning.
These assessments have pointed out scrious deficiencies in present
science learning outcomes.  Sccond, assessments are powerful tools
that can help improve curriculum and instruction, because assessment
can and often does define the content of science learning.  Third,
asscssment, cerriculum, and instruction arc interactive. Idcally,
asscssment can be precedence for and a consequence of curricular
goals. But, more often than not, content not assessed is content not
addressed, and the assessment tool can cnd up undesirably narrowing
instruction. Fourth, the power of assessment to shape curriculum and
instruction has historically been seen as a negative factor that must by
minimized. Recently, however, many states arc actively using
assessment to deliberately shape curriculum.  Unfortunately, these
assessments rarcly reflect modern understandings of the range of
important icarning outcomes.

The Center has identified four goals for assessment.  First,
classroom asscssment should be inscparable from and integrated into
ongoing instruction. Seccon”’ cxternally mandated assessment as well
as classroom tests should be developed that better ¢onform te good
sciecnce curricula and instruction.  Third, assessments should be
developed that have a dual purpose -- that is, they should serve
science instruction at the local level while serving to inform policy at
the state and nationai level. The fourth goal is that assessments
should provide an informative analysis and accuratcly report the
results. The refierence standards should not be based on national
norms that rank order the students; instead, they should reflect the
students’ understanding of science and technelogy and their
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[W]e must admit that reform-
ing elementary school science
education will be a difficult
task.

proficiency with scientific and technical skills.

Teacher Development and Support. Much is known about what
needs to be done to improve teacher development, and much is
known about how to support teachers. One thing waits to be done:
forging tecacher preparation, induction, ongoing development, and
organizational support into a coherent and comprehensive structure
that provides support for elementary science education. It is not
enough to begin work in one area -- offering newly designed college
scicnce courses to prospective clementary school teachers, for example
-- rather, work must begin simultaneously on all parts of the system,
with full attention to collaboration and articulation across levels, so
that the teachers will have adequate materials, equipment, staff
development, and educational preparation.

When considering teacher development and support, the Center
formulated two goals to guide their recommendations. First, we must
develop structures and support, not only at local but at state levels
too, that cnsure that teachers who know how to teach good science
can teach professionally. Second, the means must be provided for all
teachers to develop the understanding, positive attitudes, and abilities
to teach good science and to continue to grow throughout their
careers.

Developing and supporting good elementary school science
teachers, elementary school science curricula and instruction, and
assessment tools will not be an impossible task. But, if we think in
terms of conventional education, administrative attitudes, availability
of funds and human resources, and in-place structures, all of which
are perpetually changing, and not for reasons that necessarily have
anything to do with good education, but with short-term gains at the
expense of long-term development, we must admit that reforming
elementary school science education will be a difficult task. Knowing
the difficult task that lics ahead, the Center has sorted its recommen-
dations into three levels, where cach recommendation will efficiently
achieve the greatest success at reconciling the nation’s need for a
scientifically and technically literate citizenry with the cherished
tradition of local educational control. These levels, then, are the
Federal government, state and local government, and policy-making
bodics.

Rccommendations to the Federal Government
1. Relevant federal agencics should mount a basic research project

designed to identify the science knowledge, skills, and attitudes that
students will need in future job markets.




Q

ERIC

Aruitoxt provided by Eic:

2.

S.

Relevant federal agencics, or a coalition of statc cducation
agencics, should develop assessment exercises and techniques for
probing the range of undcrstandings, competencies, and attitudes
that make up the goals of elementary scicnce education. The
Federal government should also establish a science asscssment
center or network of science assessment centers to help spread
good assessment practice.

. The Federal government, in concert with a coalition of science

educators and administrators, should support programs for training
science education leaders. The Federal government should also
support research on the impact on science instruction of the
current trend toward site-based management of schools.

. The National Science Foundation aud the U.S. Department of

Education should create a study panel that will spend no more than
eighteen months developing a plan for enhancing existing
dissemination systems, and then implement a system that will
improve science curriculum, assessment, and staff development and
otherwise provide effective services to teachers and local school
district administrators.

The National Scicnce Foundation, in concert with a coalition of
science education organizations, should mount a small study project
on the quality of problems and cxercises included in science
textbooks and related teaching materials.

Recommendations to State and Local Governments

8]

. States, in collaboration with school districts, should devcicp

comprehensive, coordinated structures for supporting good scicnce
tcaching.

. State and rcgional agencics, in collaboration with districts, schools,

and universitics, should experiment with varying forms of staff
development.

. State agencies should support university and school district efforts

to develop elementary schools that simultaneously demonstrate good
scicnee teaching and serve as professional development schools for
both novice and expcricnced teachers.




Success will come by if
interested individuals at
all levels of the system
take up the challenge.

4. Staie and local educational agencies should endorse, and make it
possible for teacher- to implement, those instructional techniques
that are known to promote science learning.

5. State and local agencies should adopt a curriculum for clementary
scicnce and technology, and miajor organizing concepts should
inform this curriculu....

6. Academic departments in state colleges and universities must create
the necessary rewards and incentives for excellence in
undergraduate curriculum and teaching so that prospective
elementary teachers are equipped to teach science with
understanding.

Recommendations to National Policymakers

1. Concurrently and reciprocally with state efforts to develop model
structures, national educational organizations together with science-
based organizations should establish a broad-based group to identify
state and local laws, policies, and procedures that inhibit good
science teaching, and recommend changes.

8]

. A consortium of agencies, institutions, and organizations concerns
with science education should create a National Assistance Center
for Science Education that will put in the hands of agencies serving
teachers, scicnce educators, and policymakers the very best that is
known about effective scier e education.

Conclusion

H. G. Wells wrote that human history becomes more and more a
race between education and catastrophe. Getting Started in Science is
a first step in giving American s.udents the scientific and technical
education they will need to be productive and responsible citizens of
the twenty-first century. Of course, a plan is not in and of itself
enough. Success will come only if interested individuals at all levels
of the system take up the challenge. Educators, policymakers, and
legislators must be persistent and share their energy, inventiveness,
and expertise. Finally, the Center believes that America must make
the monetary and moral commitment to improving science education.

-
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CHAPTER 1

THE CASE FOR SCIENCE EDUCATION
IN ELEMENTARY SCHOOL

e —— At the very moment ia history when science and technology touch
WHY SCIENCE American lives more deeply than ever before, there is compelling
EDUCATION? cvidence that cnly a small percentage of the students who pass

P EEEEEESSEEE—— through the schools develop any uscful scientific understanding, The

cducational system may be continuing to produce enough highly
traincd engincers and scientists, but most Americans appear to lack
even a basic understanding of science and technology.

Widespread ignorance of science has increasingly unfortunate
personal, social, and cconomic consequences. The inability to take
pleasure from the natural world, to delight in understanding it, is a
personal i fortune.  An inadequate science education is a handicap
for the increasing numbers of Americans whose jobs will require at
lcast a basic knowledge and skill in science, mathematics. and
technology.

The link between poor science education and America’s lagging
industrial productivity has not yet been established; the causes of
declining productivity are varied and complex.  Although some jobs
require morc knowledge and skill, others require less. But it is clear
that some American industrics cannot find cnough workers with the
knowledge to operate complex equipment, to solve problems
independently, or even to profit from on-the-job training. The
increasing technological sophistication of the work place demands that
a far larger share of the population be handy with numbers,
comfortable with technology, and able to apply basic scientific
knowledge to the solution of a host of daily jobs.

As a nation, Americans seem Even for most of the population who will not work in science-

to have convinced themselves related or technical jobs, some understanding of scienee is increasingly
that only a handful of smart important to the quality of their personal and civic decisions.  What
students have the capacity must they know about acid rain in order to pressure governments to
to learn science. take proper actions? When the town leaders use numbers to express

the risks involved in transporting hazardous matcrials through their
town, can ordinary citizens interpret the numbers? As new dict fads
wax and wanc, how do people sort out the competing claims and
choosc a safe method of losing weight? Scientific understanding alone
may not suffice to guide such decisions, but its absence will likely lead
to poor solutions.

As a nation, Americans sccm 1o have convinced themscelves that
only a handful of smart students have the capacity to learn science.
The remaining students -- those who arc average, and cspecially,
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American students in
general, and at-visk
students in particular,
are not expected to
learn very mucl. about
science.
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thosc who are poor, female, or in a minority -- arc widcly assumed to
be incapable of learning the math required in science, too concrete of
mind to grasp scicntific abstractions, or unwiiling to endure the rigors
of science education.

There is ample cvidence, however, that the heart of the problem is
not children’s inability but that most children arc not taught science
at all, and when they are, they are taught in a way that progressively
diinishes their interest in the subject and their confidence in their
capacity 1o icarn it.  Almost all clementary schools scrving rural or
urban children teach only two subjects scriously -- reading and
mathcmatics -- on the flawed assumption that children cannot lcarn
other subjects until they have caught up with their advantaged peers
on standardized tests of basic skills.

The difficulty with this "first things first" approach is that skills and
understanding cannot be scparated; good teaching requires that
content and skills te woven together from the very beginning of
schooling. Morcover, the heavy-handed emphasis on disembodicd
skills makes schooling scem pointless to many children. Even wherc
children arc also taught content, the nature of the content and the
way it is presented often fail to engage children’s minds.

Even in privileged suburban school districts, clementary children arc
rarcly taught scicnce well. A few are taught science as a scries of fun
experiments, but for them, the magic goes out of scicnce when they
stumblc over the seeming rigor or uninspired teaching in junior and
senior high school scicnee courses. Others are offered "textbook”
scicnce where they are taught facts and concepts but arc not given
cnough time and experience to connect those facts with the realitics
ot the natural world or to grasp i underlying principles that make
sense of it all. Students quickly become bored by the scemingly
pointless memorization of facts and terms.

By the time these children reach junior and senior high school, they
are cxpected, with scant preparation, to apply mathematics to scicnce
and to memorize as many new terms as arc required in foreign
language classes  Not surprisingly, the majority of students from all
social classes and cthnic backgrounds decide that science is boring and
too hard.

American students in general, and at-risk students in particular, arc
not expected to learn very much about science.  Yet many
industrialized nations -- some with growing immigrant and language-
minority populations and parallel social problems -- cducatc a greater
percentage of their populations in the basics of science and
technology. The differences between American children and children
clsewhere cannot be fully explained by race, cthricity, income, or
culture. Instead, there is evidence that large numbers of Americe-
children are not learning science because they have not been gi.en
the opportunity to do so.

The idcas and recommendations in this report rest on the assertion
that the United States can no longer afford its present approach to
science education and on the belief that virtually all ch*ren are
capable of lcarning scicnce and should have the opportunity to do so.

2 "("
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WHY ELEMENTARY
SCHOOL?

This report advocates a
hands-on, inquiry-based
science program in elementary
school as the best possible
preparation for all students,
regardless of their circum-
stances.

ERIC

Aruitoxt provided by Eic:

Current approachics to scicnce education assume that serious study in
science can be delayed until middle or junior high school. But
lcarning scicncc, like lcarning mathematics and a foreign language, is
a cumulative process. To fully grasp the meaning of scicnee, students
need a stcady supply of experiences with the natural world, repeated
opportunitics to raisc questions and answer them, and time to develop
skills and attitudes that are nceded to understand and to do science.

Accumulating cxpericnce is important to the science Icarning of all
children, especially for poor urban and rural children whose Lves arc
often bereft of out-of-school expericnces that stimulate an interest in
scicnce.  The American ideal of equal opportunity for all rings holloi/
unless all children have access to a sound cducation. Yet current
practices deprive those children who need it most of a foundation in
science that will prepare them to succeed in high school, high-tech
vocational programs, or college.

Because the evidence on the cumulative nature of scicnce lcarning
is so compelling, we believe those responsible for clementary school
curriculum, if they expect more than a few clite children to become
scriously cngaged with scicnce, must give it cqual billing with rcading,
writing, and mathematics.

This report advocates a hands-on, inquiry-based science program in
clementary school as the best nossible preparation for all students,
regardless of their circumstances. Hands-on scicnce stimulates
children’s natural curiosity about scicnce and thus encourages them to
persist in the study of scicnce. Hands-on science stimulates children
to ask questions and to be skeptical of ready-made answers -- good
attributes for citicens in a democracy. Hands-on scienee teaches
students to solve problems and to work cooperatively with others in
sccking solutions -- skills that arc cqually uscful in advanced study, in
work, and in life.

Our vision of an clementary science program does not presume that
every topic in scicnce can or should be taught through a hands-on
approach. Some topics arc better learned by reading, others by
lecture, and still others by discussion.  Further, we acknowledge that
in naticns with higher levels of stud :nt achicvement in scicnee,
scicnce is often taught in the rote fashion we lament. We do believe,
though, that in the American cultural context, children arc most likely
to lcarn and remember if they have many opportunitics to observe
and touch the matcrials of scicnce itself -- plants, animals, rocks,
clectrical circuits, magnets, and the like -- to use the tools of
scicnee -- rulers, scales, microscopes, and so forth -- and (o raise
questions about natural phenomena and answer them through
experiments they help shape.

A strong clementary scicnce program provides children not simply
with experiencees, but with carcfully selected experiences that allow
them, cventually, to learn the principles of science.  If children see
scientific principles illustrated again and again, they are much more
likely to form correct and important genceralizations as they grow
older and to appreciaie science as a profoundly influcntial human
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THE CURRENT
RICHER
KNOWLEDGE BASE

It has long been known,
for example, that most
children learn best by
doing, even though the
schools have generally
failed to act on this
knowledge.
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inveation that is ncvertheless subject to human crror and correction.

There are good reasons to believe that the recommendations in this
report -- if taken seriously by polic, makers and educators -- will raise
American children’s achicvements in scicnce. The recommendations
arc grounded in old and new knowledge about how children lcarn in
gencral and how they learn science in particular. It has long been
known, for cxample, that most children lcarn best by doing, cven
though the schools have generally failed to act on this knowledge.
New knowledge derived from cognitive rescarch has shed more light
on how children think, This new knowledge infuses the
recommendations in this report concerning curriculum, instruction,
assessment, and teacher development.

Knowledge About Conceptual Change

New rescarch is demonstrating more powerfully than cver before
that children hold their own beliefs about the way naturc works. To
the degree that science is counterintuitive, children’s belicfs are
sometimes at odds with scientific knowledge. The most significant
aspecet of the new rescarch is that teachers are often unaware that
children hold idcas that get in the way of their learn’ag. Morcover,
children don’t naturally abandon their views simply by being told thcy
arc wrong; rather, they cling to them tcnaciously.  Children may
believe, for example, that molecules are bits of matter suspended in
cmpty space like blucberrics in a muffin. They arc unlikely to accept
the scientific view that molccules are matter, or that what appcars to
be empty space is composed of molecules, unless they arc encouraged
to bring their own views to the surface and, over time, have many
classroom cxperiences designed to help them change their ideas.

This body of rescarch strongly suggests that good school science
programs should tackle fewer topics and tackle them in greater depth.
When the pace is slow, students have time both to reveal their ideas
(many student ideas are grounded in their expericnce, cven if the
idecas are scientifically wrongy, to test their idcas against those of
other students, and to accumulate cvidence.

Rescarch Comparing Experts and Beginners

Other rescarch has compared how scicntists and beginners think
about scientific problems and how they approach their solutions.
Experts bring to a problem a dccp and highly structured knowledge
basc that allows them to sce patterns and relationships and to apply
knowledge from onc branch of science to another by analogy.
Beginners, though, because they barely understand cven the facts on a
particular topic, have trouble sceing patterns or using analogics.

Schools now try to show students that they need to draw on a large
factual basc before understanding gencralizations and abstractions.
The difficulty arises when the curriculum covers too many topics t0o
quickly and fails to help students develop the mental structures that
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Research on children’s
conceptions, the way
experts solve problems,
and the power of the
social group to teach
converges on one crucial
point: less is more.
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make the factual information memorable and uscful. This body of
findings also points to a nced to treat fewer topics in greater depth
so that students have time to absorb facts and fit them into
meaningful patterns.

The Social Nature of Scientific Work and Learning

Scicntists rarcly solve problems in isolation; they usually work with
and lcarn from other scientists working on the same preblem. That
same principle applics to students lcarning science in school; they
lcarn best through well-structured social intcraction with one another
and their tcachers. Students need to test their ideas against those of
the group. When students collaborate with others on school science
tasks, they sharpen their communication skills and acquire a deeper
understanding of what they are doing. Rescarch on children’s
conceptions, the way experts solve problems, and the power of the
social group to teach converges on onc crucial point: less is more.
Although most educators decry the excessive number of topics
covered in most school syllabi and commercial textbooks, their will to
address the coverage problem scems weak. These rescarch findings
can be used to strengthen the case for teaching fewer topics in
greater depth.

Active Icarning

Rescarch on icarning (not only in science but across the
curriculum) shows that studenis Icarn more, remember more of what
they learn, and are morc likely to use what they Icarn if they arc
asked to take more responsibility for their own learning. Students arc
more likely to Iearn science if they explore natural phecnomena
dircctly, pose their own questions, design their own experiments (in
clementary schoos, a "fair test"), and discuss the results with others.
Though poorly designed experiments contribute little to Icarning, a
teacher who understands how to help children sct up an appropriate
experiment can contribute much to student learning.

Morcover, the cvidence shows that not all children profit from the
same teaching techniques. Some children Iearn better through
cooperation with others than through cither solitary work or
competitive activitics. There is strong cvidence that many students
would Icarn more science and like it better if tcaching methods
required students 1o be more active and interactive than they are in
most of today’s science classes.

How Teachers Learn Science and Scicnee Pedagogy

Il hands-on scicnce is vital to good clementary science teaching,
teachers must themselves be exposed to that approach in their college
scienee classes. Yet few of today’s teachers took college science
courses, and those courses usualiy emphasized the facts of scienee,
not its processes or underlying concepts.  Since few teachers
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undersiand the major organizing principles in scicnce, they arc unable
to design experiences that will eventually lcad students to an
understanding of thosc principles. New cognitive knowledge about
lcarning applics to adults as well as children. Teachers in training
and teachers in service need to study both science and scicnce
pedagogy in ways that emphasize experience, inquiry, and the
continuous weaving together of theory and practice.

The Nature and Influence of Tests

Teachers emphasize what will be tested because they want their
students to de well on tests. Yet the tests most commonly used.
whether designed by teachers or mandated by cducational authoritics,
do not reflect a modern understaning of the range of important
science learning outcomes

Rescarch on student learning in science suggests that tcachers need
tools to probe students’ conceptions in order to shape their
instruction, yet current tests are not designed to do that. Teachcers
need tests that determine whether students truly understand basic
idcas in science, yet the cu ..o multiple-choice format of tests favors
factual knowledge at the periphery of science and sheds little light on
whether students understand connections between facts and concepts.
Learning how to conduct a valid experiment is a slow and difficult
process, requiring students to usc their hands, cyes, and minds with
increasing skill, yet these skills are not part of the current testing
program.

The chapters that follow are a blueprint for the construction of an
cffective system of science education in clementary schools. The
chapters have been shaped by knowledge about why science scems 0
difficult to so many people and about how ordinary children and
adults comc to understand science.

Even a brief look at our blueprint will reveal the need for
profound reforms in institutional practices and power arrangements
among various scctors in American cducation.  Morcover, many of
the changes required in any one scector depend on simultancous
changes in other scctors.  Given this couniry’s highly decentralized
public cducational system and the autonomy cnjoyed by colleges and
universitics, the needed coordination among scctors wili be hard to
achicve.

Still, other national imperatives have cvoked an appropriate
response from cither the federal government or powerful national
organizations. When the need was clear, creative leaders have been
able to mobilize politicians, educational lcaders, and scholars. They
have marshalled public opinion and influenced cven the most
entrenched institutions.  The realization of this blueprint for an
cffective, national system of science education for clementary cinidren
will reauire just that sort of creative leadership.

R
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AN OVERVIEW
OF THE REPORT

[C]hildren learn a great
deal from one another if
allowed to do so.

The insertion of even a few hours of well-conceived, inquiry-based
science instruction into the elementary school day is not a simple
matter. It requires a coordinated approach to curricular philosophy,
curriculum design, instructional methods, school and school district
management, the provision of materials for learning, student and
program assessment, teacher education, and the ongoing development
of teachcrs in service.

Chapter 11, "A Vision of Curriculum and Instruction for Science
Education in Elementary School,” deals with the what and the how of
an ideal clementary science program. The first half of the chapter
lays down a curricular framework that encompasses the knowledge,
skills, and attitudes that elementary children are able to learn if they
arc properly taught. The framework is intended to help states and
school districts design a series of experiences for children that will,
over time, accumulate into a mature understanding of science.

The sccond half of the chapter sets forth a framework for
instruction that emphasizes the importance to children of direct
expericnce with the materials of science, the truth that students learn
more when they probe deeply in search of answers to their own
questions about the natural world, and the fact that children learn a
great deal from one another if allowed to do so.

Chapter III, "Assessment in Element y Science Education,”
presents the case for a changed emphasis in the measurement of
student learning -- assessment in the service of learning. Siuce laige-
scale, multiple-choice tests seem to have reached the outer limits of
their usefulness, we proposc a redirection toward the kinds of tests
that kelp tcachers do a better job of tcaching science. Chapter 111
also discusses how school districts, in the absence of adequate
program asscssment tools, can judge the adequacy of their science
programs by assessing the essential ingredients of a good scicnce
program and how large-scale testing can better serve its intended
purposcs of monitoring and accountability.

Chapter 1V, "Teacher Development and Support,” calls for a radical
redesign of the scientific and pedagogical training of prospective
elementary school teachers and of staff development programs for
tcachers now in service. Since ceven the best trained tcachers cannot
withstand unknowing administrators or unsympathetic school district
policics and procedures, a discussion of the necessary administrative
supports and attitudes concludes the chapter.

Chapter V, "Recommendations,” presents a scries of
recommendations directed to the appropriate levels of political,
cducational, or institutional governance. It concludes with a
rccommendation for a mechanism to coordinate the cfforts of all
bodizs and institutions concerned with the education of the young and
the scientific literacy of Amcrican citizens.




CHAPTER 11

A VISION OF CURRICULUM AND INSTRUCTION FOR
SCIENCE EDUCATION IN ELEMENTARY SCHOOL

A
INTRODUCTION
S

COMPONENTS OF
AN EFFECTIVE
SCIENCE FRAME-
WORK

Bcscnlcd in this chapter is a vision of science education in
clementary school. The following material is pot a curriculum waiting
to be adopted by a school district in scarch of a ready-made syllabus.
It does not provid~ teachers with a list of topics and processes to
teach. Rather, it a curricular framework general enough to
accommodatc a wide variety of topics and skills and an instructional
framework broad enough to address the learning needs of an
increasingly diverse student population.

Gouls for Curriculum and Instruction in K-6 Science

The goals of the Center’s recommendations on curriculum and
instruction arc:

* To develop children’s innate curiosity about the world;

* To broaden their procedural and thinking skills for investigating the
world, solving problems, and making dccisions;

* To increase their knowledge of the natural world;

* To develop children’s understanding of the nature of scicnee and
technology; and

* To develop children’s understanding of the limits and possibilities of
science and technology.

The Center's vision for clementary science education combines several
components widely believed to enhance scicnee learning and better
preparce tomorrow’s adults for a world increasingly influenced by
developments in scicnee and technology.

Hands-On Experience and Scicntific Inquiry

At the heart of the Center's vision is the notion that children
need to build their knowledge of science on direct experiences with
the natural and human-made worlds. Textbooks and lectures have a
role in scicnce cducation, but the cducation of primary grade children




In the primary grades,
children need to see,
touch, smell, taste,
hear, describe, and
sort the materials

of science and tech-
nology.

Those who design curric-
ulum can judge the value
of particular topics and
processes in a curriculum
by the contribution those
topics can make to chil-
dren’s eventual under-
standing of these broad,
organizing concepls.

should consist almosi exclusively of expericncees that reveal, for
cxample, the propertics and behaviors of objects.  In the primary
grades, children need to sce, touch, smell, taste, hear, describe, and
sort the matcrials of scicnce and technology. They need to frame
their own questions and tc have tcachers who take their questions
scriously.

In the upper clementary grades, children can {urther cnhance
their understanding of science and technology by listening to their
tcachers and by reading science texts. But even at this level, children
should spend most of their time constructing and rcfining their
devcloping concepts by designing cxperiments for example to answer
the questions they have raised themsclves -- cven if their cxperiments
arc crude approximations of thosc that scicntists ¢ »nduct.

The casc for hands-on, or inquiry-bascd, scicnce is extremcly
powerful and has been made repeatedly. Yet, as matters stand, few
clementary teachers mrovide such experiences for children. Too
frequently, teachers believe they can speed children’s levels of
conceptual development and short-circuit the time children need to
link new knowledge with existing conceptual understanding, by relying
heavily un lectures and readings. Commercial textbooks subtly
discourage tcachers from organizing hands-on cxpericnees, and
policymakers scem reluctant to fund the materials-based curricula that
make that kind of teaching happen.

Translating the vision in this report into classroom reality is now
fecasible. To do so. school districts must take responsibility for
materials support and maintenance and for an ongoing cffort in
tcacher cducation tha: empowers teachers to use scicnce materials
with confidence.

Less Is More: Teaching for Understanding

The cvidence presented in Chapter T strongly suggests that if
students are more intenscly engaged in fewer topics, they are more
likely to find meaning in what they arc studying and will be better
prepared for advanced study. The less-is-morc principle leads
curriculum designers to a difficult question: Which topics arc most
worthy of in-depth exploration?  We have answered that question by
proposing a sct of majcr organizing concepts.  Those who design
curriculum can judge the value of particular topics and processes in a
curriculum by the contribution those topics can make to children’s
cventual understanding of these broad, organizing concepts.

A Conceptual Oricntation

The curricular framework that follows is organized according to
broad scientific concepts that can be applied to both science and
technology and to scientific skills and attitudes.  The fram=work
suggested in this chapter is intended to address several important
issues in scicnee cducation.
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Unless students are
being led graduaily to
a better understanding
of the underlying con-
cepts that make science
meaningful, their
fascination with partic-
ular topics begins to
wear thin, and their
pride in mastering
processes and skills
begins to pale.

First, for students to grasp difficult scicatific ideas, they nced
repeaied exposurc, over many years, to varicd illustiations of those
ideas. Elemcntary age children will not neces -rily draw th.
scientifically accepted gencralizations from a particular school
experience, nor should they be expected to. Moreover, clementary
school children should not be taught abstractions beyond their level.

We do believe, though, that cursiculum designers and teachers
should bec mindful of the need to design = long and continuing scries
of experiences that will accumulate and cventually result in the
students’ ability to understand these important abstractioas in later
years. Even though the concepts themselves may be too sophisticated
for young children, rudimentary manifestations of those concepts can
be presented to primary grade children, and progressively more
complex manifestations can be presented to intermediate grade
children

Sccond, a conceptual orientation respects the diversity of thought
in the United States about the specifics of what to teach in science
classes and recognizes that communities offer diverse climates,
landscapcs, life forms, anc human-made systems through which to
teach genceral scientific and technological concepts.

Third, both topical and process approaches to scicnce education
can call forth a "so what" rcaction from stadents. (That is the risk
associated with programs organized around topics and/or processcs.)
Uiiless students are being led graduaily to a better understanding of
the underlying concepts that make science meaningful, theic
fascination with particular topics begins to wear thin, and their pride
in mastering processes and skills begins to pale.

Technology as a Vital Component of Scicnee Education

The Center’s framework for curriculum and instruction also notes
that scicnce and techinology are increasingly interdependent and
mutually reinforcing aspects of ihe natural and physical world. It has
been said that technology is the face that science shows to the woric.
Few children, or cven adults, however, distinguish between ~cience
and technology, and it is not important for them to do so. But it is
important for curriculum specialists and teachers to clearly uaderstand
the differences between science and technology as they write
curriculum and plan lessons. We distinguish them as {olio:.s:

* Scicnee proposes explanations for observations about the natural
world.

* Technology proposes solutions for problems of human edaptaiion
1o the environmen;.

Figure 1 schematically represents the relationship beiween scicace

and technolegy and theit connections to the goals of the curricular
framewnrk that follows.

1



Figure 1

The Relationships between Science
and Technology and their Connection
to Educational Goals
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A FRAMEWORK
FOR
CURRICULUM

Although the relationships between science and technology arc
beyond the capacity of clementary school children, we belicve they
can begin to understand the following important idcas:

1. Science &> an attempt to construct rational explanations for what is
observed in the natural world.

8]

. Scicntific explanations about the natural world arc always tentative;
they continue to cvolve.

3. Technologics cxist within the boundarics of nature; no technology
can contravene biological or physical principles.

4. All technologics are incomplete and imperfect, and all carry some
risk; a society that depends heavily on technology incurs new and
complex risks.

5. Scicntists usc and depend on technology. As technology evolves,
so docs science.

Current science programs present little information about the
rclationship between science and technology. Textbooks usually
dcfine technology carly in a serics and se!'dom mention it again.
Although the study of the relationship between science and
tcchnology to socicty is becoming more common, it is still not a
promincnt feature of most science programs.

A curricular framework should shape, but not determine, the
particulars of what will be taught. The Center’s proposed framcwork
consists of organizing scicntific concepts, attitudes, and skills. The
concepts arc intended to give purposc and direction to the design of
a K-6 sct of cxpericnees that include the life sciences, the physical
sciences, and technolegy, which will enable students cventually to
understand the concepts.

Scicntific Concepts

1. Organization (or orderliness). Scicnce is a human invention, and
scicntists have made the study of science manageable by organizing
and classifying natural phenomenon. They have organized the
world in different ways, including hicrarchics, simple-to-complex
arrays, and symmetrics. Natural »bjects can be assembled in
hicrarchics {atoms, molccules, mincral grains, rocks, strata, hills,
mountains, and plancts). A range of organisms -- from singlc-
cclled amocba, to sponges, and from corals, and so on, to mammals
-- caa illustrate simple-to-complex arrays.  Objects can be grouped
according to their symmetry from top to bottom, front to back, or
in the repetition of shapes.
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Searching for causes and
explanations is the major
activiiy of science; effects
cannot occur without
causes.
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Even very young children can begin to learn the principles of
classificatic. that underlie scientific orderliness. Primary grade
children ca be asked to develop simple schemes for classifying
objects and ¢ “ganisms. Intermediate grade children can be asked
to classify a group of plants according to thc properties they
observe in them and then compare their own classification schemes
to the scheme currently accepted by scicntists.

. Cause and effect. Nature usually behaves in pr dictable ways.

Searching for causes and explanations is the major activity of
science; effects cannot occur without causes. Primary grade
children can begin to learn cause and effect by observing the
varying effects of light, water, and warm*h on seeds. Intermediate
grade children can discover that streamlining, carcfully aligned
axles, and good lubrication help a pinewood derby car run faster.
They also discover that if too much wood is carved off the car
body while streamlining it, weight must be aaded to keep it hcavy.

. Systems. In science, the concept of a system describes the

movement of matter, energy, and information through defined
pathways. The amount of matter, energy, or information in
reservoirs, and the rate of transfer through pathways, varies over
time. Children begin to understand systems by tracking changes
among the constituent parts of a system.

Primary grade children can begin to understand the concept of a
system by studying the less abstract notion of batasice, which an
aquariurt in the classroom might well illustrate. Fish nced a
balanced aquarium to suivive. Balancing the aquarium requires
children to lcarn how light and food follow pathways from plants to
water to animals.

Intermediate grade children could gain & more complex
understanding of balance by studying the school’s heating systcm.
The furnace and thermostat arc a homeostatic system; information
is relayed and acted on within the system to keep room
temperatures from fluctuating more than a few degrees on either
side of a sct point.

. Scale. Scale refers to quantity, both relative and absolute.

Thermometers, rulers, and weighing devices help students sce that
objects and cnergy vary in quantity. The idca that certain
phenomena can exist only within fixed limits of size is very abstract.
Yet primary grade children can begin to understand it if they are
asked, for example, to imagine a mousc the size of an elephant.
Would the mouse still have the same proportions if it were that
large?  What changes would have to occur in the elephant-sized
mouse for it to function?

O
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The water strider provides an observable illustration of the
importance of relative scale in nature. Water striders can run
across a puddle supported by the water’s surface tension only
because they are small enough not to break it. If they were much
larger, they would sink; if they were much smaller, they would not
be able to break away from the water. Primary grade children
could be asked to draw simple objects in actual size and compare
their drawing to a small-scale representation of the same object.
Intermediate grade children might advance their understanding of
scale by describing the magnification of a microscope.

\
|
5. Models. The concept of a model is important to both science and \
technology, but it is a difficult concept for very young children.
Primary grade children can begin to lay the foundations for this
concept by understanding the idea of representation. For example,
children at this level could be asked to draw a picture of a cell as
they observe it through a microscope. Intermediate grade children
could use a model of a segment of the earth’s crust to demonstrate
the causes of earthquakes.

6. Change. The natural world continually changes although some
objects or species seem unchanging because of human inability to
perceive the rate or scale of change. That mountains erode, or
species evolve, is not evident in a person’s life span; mutations in
genetic material are hidden unless they affect observable
characteristics. Some change is cyclic -- diurnal, lunar, scasonal,
and menstrual cycles, for example -- whereas others are one-
directional -- physical development, puberty, and menopause, for
example. Rates of change vary.

Primary grade children can be asked to observe the changes in the
position and shape of the moon over a month’s time. By tracking

the position of the moon cach night at the same time (a good way
to involve parents in a science project), and drawing pictures of the
moon’s changing shapc, they will learr **“at changes take place

The concept of a model during the lunar cycle. Intermediate giade children could be asked
is important to both to observe and describe changes in the properties of water when
science and technology, heating or cooling causes melting, boiling, evaporation, freezing, or
but it is a difficult condensation.

concept for very young

children. 7. Structure and function. There is a relationship between the way

organisms and objects look (fecl, smell, sound, taste) and the things
they do. The scent glands in skunks are related to protection.

The hummingb.rd’s tube-like beak allows it to suck the nectar out
of flowers. The role of natural selection in the development of
particular organic structures may be too abstract for young children,
but they can begin to lay the foundation for understanding
modification through descent by observing the simple relationship
between a plant’s or an animal’s structure and the things it does.
Children can learn to infer what a mammal feeds on by studying its

A
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Children can explore
and investigate a pond,
for example, to learn
that different types of
organisms feed on differ-
ent things and that these
organisms depend on one
another for survival.
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tecth, or what a bird cats by studyving the structure of its beak.

. Discontinuous and continuous properties (variation). To understand
the difficult concept of organic evolution and the statistical nature
of the world, students first nced to understand the notion of
propertics, which in turn involves some understanding of
continuous (and discontinuous) variations. All organisms and
objects have distinctive propertics, but some of their propertics are
so distinctive that no continuum connccts them (for example,
living/norliving, salt/sugar). in most of the natural world, though,
the properties of organisms and objects vary continuously.

Young children can hone their skills of obscrvation, and learn
about continuous variation, by obscrving and arranging color toncs,
for example. Older children can investigate the propertics of a
butterfly or a mealworm during its life cycle in order to discover
both continuitics and changes.

. Diversity.  Diversity is the most obvious characteristic of the natural
world; cven preschoolers know that there are many types of objects
and organisms. In clementary sci. 1, they nced to take a step
toward understanding that diversity in nature is essential to the
survival of natural systems and that the diversity of technological
solutions depends on cconomics, efficiency, and acsthetics.

Children can explore and investigate a pond, for example, to learn
that different types of organisms feed on different things and that
thesc organisms depend on one another for survival.

At first glance. the organizing concepts may appear far removed
from actual curricula. How can one of the nine concepts, models, be
translated into practice? There arc many ways in which teachers can
incorporate this concept into activitics across scveral grade levels.

A kindergarten class can be presented with the following assortment:

* a bean bag guinea pig

* a live guinea pig

* an inflated snake model

* a large model of a beetle

* a goldfish in a bowl

* «a small plastic farm animal
* and so forth,

making sure there are at least as many items as there are children. The
children are already familiar with sorting and classification games,
having used attribute blocks, leaves, shells, and rocks. The object of
s lesson is to differentiate between real things, i.e., animals that are or
were once living and models.  The children are asked if they have any
models at home: dinosaurs, castles, airplanes, cars, and trucks. The
discussion inevitably broadens children’s ideas of what characterizes a
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model.

The children sit in a circle on the carpet where two areas are
identified with cards labeled "model" and "real". One by one each child
is given something from the assortnient to place. Is it living? Was it
ever living? Is it the real animal or is it a model?

Another sorting exercise allows the children to further categorize the
“real" animals into living or previously alive but not now living. The
children then categorize the "models" into bigger than the real thing,
smaller than the real thing, end the same size as the real thing.

The discussion ihat follows focuses on why models are useful. It is
reasonable 10 expect children of this age to understand that larger-than-
life models are useful for studying real things too tiny to see; a model
cow or horse is useful for learning about farm animals at home.

Later in their school career, students make their own models. In
fourth grade, as part of an animal behavior study, they make a large-
scale model of a crayfish. Working from a grid of centimeter squares,
they trace a live crayfish, then in several steps enlarge the size of the
squares until the crayfish is 20 times the size of the living crayfish while
preserving the proportions.

As part of an insect study to reinforce learning the pattern of the
adult insect body (ie., head, thorax, mouth parts, compound eyes,
antennae on the head), the students make an insect model from a
photograph of an actual insects, and later perhaps a diorama to show
the habitat.

In fifth grade they choose from a variety of materials, paints, inks,
and markers, and make a visual representation of the relationship
between wavelength, frequency and color in the visible light spectrum.
Later in the year force a.1id motion are studied by making and modifying
paper airplanes.

In sixth grade students make models of the human heart as a
homework assignment, using boxes, tennis balls, bottles, shoes, tubes,
styrofoam, water with food coloring, and other objects, and present them
lo their classmates.

Mathematical models at the elementary level may begin with
graphically representing the results of a survey. Kindergartners can take
their own surveys, asking their own questions: "What is your favorite
farm animal? or "How many pets do you have?" They can then
represent their data pictorially using large-squared paper and markers.
First and second graders can investigate the changing colmns of leaves on
a maple tree in the school yard. At weekly intervals each child picks up
five leaves from under the tree. The over 100 leaves are then lined up
on the sidewalk beside the iree, leaves of each color are counted and
recorded on graphs with a leaf stamp for each square which are then
colored in. As trz weeks pass, the patterns of the colors change, the
once predominating green column replaced by yeilow, then orange and
brown. The children come to understand the relationship of the
numerical representation to the real changing event.

Perheps the most difficult kind of model for elementary children is
a conceptual model, because links to physical, observable, experienced
reality are tenuous and difficult to establish. However, teachers can
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provide experiences that will prepare children for eventual understanding.
While one would not expect children to fully understand the concept of
the evolution of the earth, some of the evidence scientists have used to
put together this model can be presented at an appropriate level.
Looking at beaches, roadcuts, and fossils in the locations can begin to
set the scene.

We now turn to the two remaining parts of the proposed
framework for curriculum.

Attitudes

A strong clementary science program can contribute to the
development of scientific attitudes, to the development of children’s
positive attitudes about scicnce, about the study of science in school,
and about themselves.

Scientific and technologic attitudes. A collection of attitudes
comprise the ethical tradition of the scientific and technological
communitics. Most of thesc idcals are also part of the ethical
traditions of cther disciplines. But the scientific and tecanological
enterprise is closcly linked to the life-and-death issues of national
defense, medical practice, and public health and safety. When
scientists fail to live up to this cthical tradition, the ncgative
consequences for socicty can be ecnormous. Therefore it is important
for children to bezin to learn the cthics of science. Some of these
attitudes arc:

1. Desiring knowledge -- a disposition toward knowing and
understanding the world

8]

. Skepticism -- a disposition to question authoritarian statements and
sclf-cvident truths about the natural and physical world

3. Relying on data -- using data as the basis for rigorous testing of
idcas and respecting the facts as they accrue

4. Accepting ambiguity -- data are scldom compelling and scientific
information scldom proves something. New questions arise out of

ambiguity.

5. Willingness to modify cxplanations -- a willingness to change
original explanations when the evidence suggests different ones

6. Coopcration in answering questions and solving problems --
fundamental to the scicentific enterprise

7. Respecting reason -- the quality of reasoning that lcads from data
to conclusions to the construction of thcorics
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[W]hen students begin
to acquire an under-
standing of science,
they also begin to
develop a sense of
control over their

own destinies and
thus more self-con-

fidence.

Helping children succeed
in science also helps them
develop a greater sense
of self-esteem.

8. Being honest -- present data as they are obsenved, not as the
investigator  1inks they should be.

These attitudes can be cultivated in any science program,
including clementary programs. They are best approached not as
scparate lessons, but as part of the daily science experiences. In this
way, children begin to sce science as one way of knowing their world.

Attitudes about school science. Students should enjoy science in
school and find the study of it interesting and uscful to their personal
lives. The development of a curriculum and instructional approaches
that foster positive student attitudes is a serious educational
responsibility; conversely, the maintenance of a curriculum that scts
most children up for indifference and failure is a scrious cducational
dereliction. Students are far more likely to valuc the study of science
if their ideas, however distant from the canons of science, are
respected, if they are given a chance to freely explore and inquire; if
the topics chosen are closcly interwoven with concepts, processes, and
skill development; and if science is presented as the exciting,
challenging, and practical discipline that it is.

Attitudes about the self. When children or adults view science as
mystcrious and difficult, or view scicntists as a remote group largely
made up of white males in laboratory coats, they tend to believe they
have lost any power to influence the forces that shape their lives.
Yet cvidence suggests that when students begin to acquire an
understanding of science, they also begin to develop a sense of
control over their own destinies and thus more sclf-confidence.
Helping children succeed in science also helps them develop a greater
sense of sclf-esteem.

Skills

The skills of science include practicat laboratory skills, intellectual
skills specific to science, and generic thinking skills needed in all
disciplines.  Practical laboratory skills include such things as the ability
to rcad a thermometer, connect a wire to a terminal, stake out a
quadrant, or focus a tclescope. The development of these manual
skills requires practice; the, are best developed in context as students
scarch for answers and try to construct valid tests of their idcas.

Intellectual skills specific to science include the ability to generate
a hypothesis; design an experiment that is a fair test of a hypothesis;
and collect, reduce, present and analyze data.

Generic thinking skills include problem solving and quantitative,
logical, and analogical recasoning. The development of these skills in
science classes not only contributes to studenis’ basic abilitics in
mathcmatics but also to their competence in nonscience arcas such as
written composition and social studics.
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Curriculum Sclection and Design

A varicty of themes or topics can be part of an clementary
scicnce and technology curriculum. The major organizing concepts,
attitudes, and skills presented above should be integrated into all
themes or topics that school personnel sclect for study. Some
possiblc themes and topics include structures, tools, ice cubes,
nutrition, patterns, transportation, waste disposal, the arctic, weather,
and pond watcr. Many morc arc possible. We suggest at lcast six
criteria for sclecting and designing themes and topics:

* they build upon children’s prior experiences and knowledge;

¢ they capture children’s interest;

* they arc interdisciplinary, so that children sce that reading, writing,
mathematics, and other curricular arcas are part of science and
technology;

* they integrate scveral disciplines;

¢ they arc vehicles for teaching major organizing concepts, attitudes,
and skills; and

* they allow a balance of science and technologic activitics.

It is increasingly clear that the how of instruction is as importart as
A FRAMEWORK the what of curriculum. The truism that not all children learn in the
FOR same way is becoming a truth well grounded in rescarch. Yet too
INSTRUCTION often the most prominently used method of science instruction at all

levels -- lectures, textbook recading, and discussion centered on
textbook questions -- fails to engage the minds of a significant
number of children.

Few current clementary programs capitalize on the most valuable
assct available to teachers of science in clementary school: children’s
natural curiosity about the natural world. That curiosity can be
nurturcd best by allowing children to ask questions and to explore
thosc questions, just as scientists do.

To channcl children’s questions into activities that will lead to
greater understanding of scientific concepts, teachers themselves need
With their students, teachers a basic level of conceptual understanding.  Yet teachers do not have
to be experts on cvery aspect of science, nor do they need to have
investigators in projects the answer to all the questions children are I.ikcly to ask. _With.thcir
where neither the teacher students, teachers can be co-learners and co-investigators in projects
nor the students know the where ncither the teacher nor the students know the answer. It is
important in these situations for tcachers to be expert coaches. Good
coaching requires teachers to develop their skills in framing questions
that probe student understandings of the problems at hand and that
lead students to inquire further. Good coaches must develop the
paticnce to wait a few moments after asking questions so that

can be co-learners and co-

answer.
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[S/tudents need time to
tinker, think, and thrash
things out.

students have time to think about their answers.

Should the teacher be only a facilitator?  Must all learning be
through hands-on discovery? The Center’s answer is no. Not all
topics lend themselves  hands-on lessons. Some teachers are
wonder"il storytellers.  me readings in science are highly
motivating, and somc a. .ccessary to help children connect new
knowledge lcarned through expericnce with their existing knowledge.
But there is cvidence that merely imparting information -- through
lecture or text -- is not cnough, especially for young children. Not
only do children need to amass direct expericnce with natural
phenomena, they also need time to accommodate their experience by
talking about it with their classmates and their teachers.

Coopcrative Learning

Coopcrative lcarning is not the same as the small group instruction
that many tcachers usc. Rather, members of tcams arc assigned
spccific roles (for example, principal investigator, recorder, or
materials manager) and rotate those roles so that all experience the
full range of responsibilitics in their groups. Teachers also structure
tasks so that children are required to depend on one another to
acnieve results.

When children work collaboratively in small groups, they hone their
communication skills and develop a sensc of responsibility for their
own lcarning as well as that of their tcammates. Teachers can help
students develop the personal skills required to interact successfully
with others -- skills that are neccessary in both life and scientific work
and that cannot be lcarned very well working alone at a desk

Coopcerative learning is often an excellent technique to help
students lcarn to solve problems and conduct valid experiments
becausc it capitalizes on the diversity of viewpoints and talents within
the group. This learning approach should thercefore be used
frcquently in clementary scicnce classrooms.

Problem-Solving and Laboratory Activitics

Truc problem solving cxists only when the learner is unclear about
what nceds to be done to arrive at a solution. Yet there is cvidence
that many hands-on activitics do not neccessarily require problem,
solving. Insicad, they often guide students step by step through
proccaures with no particular problems to solve. Although
rescarchers have much to !carn about how to structure laboratory
tasks so that students face a legitimate cognitive challenge, even now
there is abundant rescarch showing that students need time to tinker,
think, and thrash things out. Teachers can be most helpful when they
cncourage children to observe and scarch for clues to a puzzle, and
then nrod them with information and questions that lead them to
discover more clues.  Teaching, then, is as profoundly inductive as
children’s own lcarning and thus implics new roles for the teacher
who wants to implement the research findings on how one learns
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How can teachers translate
their findings into class-
room practice?

Through cooperative learn-
ing, children learn to
propose and accept alterna-
tive viewpoints, to listen
and to question, and to
parsist in seeking satis-
Jying explanations of their
observations.
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scicnce.  How can tcachers translate their findings into classroom
practicc? We believe that if teachers follow a tcaching model based
on human lcarning, then they are more hikely to involve their children
in active lcarning: asking questions, designing experiments,
interpreting data, sharing and challenging points of view, and solving
problems.

A Four-Stage Teaching Modcl

The four stages of the following teacling model parallel the
approach taken by practicing scicentists both in research and in
applying scicnce to create technologies. Morcover, the following
model provides tcachers with a basis for expanding their own
knowledge of science as well as their students’. The model can be
applicd to any classroom lesson, instructional grouping, laboratory
exercise, or ficid trip.

1. Invitation. Truc learning begins with a question or problem in the
mind of the learner. Teachers can invite students to learn by
posing problems or by stimulating questions in the their minds.
Instead of beginning a class with, "Today we're going to work on
Chapter II1I" a tecacher can bring a sample of pond water to class
and posc the question, "What lives in this drop of pond water?" Or
she can respond to the student who brought to school an empty
cggshell he found in the park by stimulating a class inquiry into
what once occupied the shell. It is important that the question be
once that students are curious about. If it is not, further
engagement will be difficult and not likely result in anything but
rote learning.  When well done, invitations quickly create a
classroom of cager learners.

2. Exploration, discovery, and creativity. The next stage is investigating
the question at hand. Here, the teacher must provide children with
the materials they need to observe, to collect data, and f{inally to
begin organizing information and thinking about experiments they
might try. The teacher can pose questions that motivate children
to link new findings with their previous knowledge.

3. Proposing explanations and solutions. In this stage, tcachers help
children refine their understandings as they consider the alternative
interpretations of their classmates. The teacher can guide children
to design additional investigations, usually more focused than the
first oncs. Through cooperative lcarning, children learn to propose
and accept alternative viewpoints, to listen and to question, and to
persist in sceking satisfying explanations of their observations.

4. Taking action. In some situations, the new e ings children
acquire are socially useful. If so, children can be encouraged to
defend their viewpoints before the class or write a letter to a local
authority taking a stand on a scicence-related public issue.  In other
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situations, new lcarnings suggest another form of taking action --
applying the new idca to new situations.  I{ se, it is important for
the tcacher to design a lesson that cxpands on the new learnings.

Time and Moncy for Scicnce

Since school boards have For any scicnce program, time is the most critical variable.

seldom provided adequate Without adequate time, teachers cannot prepare hands-on lessons, nor
funds for hands-on science can they properly teach them. More time spent on science does not,
and teacher preparation, in itsclf, guarantce greater sci_cncc learning. Even spending more

it falls to the federal time doing laboratory work will not, alone, produce the desired
government, business and results.  Children’s minds, as well as their hands, must be fully
industry, and parents and cngaged, and they must be able to sce the connection between their
teachers to convince them activitics and the larger patterns of science.  Morcover, unless

that the investment is tcachers have adequate training and readily available equipment and
worth it. supplics, a laboratory Icsson can fall flat.

Since school boards have scldom provided adequate funds for
hands-on science and teacher preparation, it falls to the federal
government, business and industry, and parcents and tcachers to
convince them that the investment is worth it.  Concise presentations
of the evidence on how children best learn science, along with
information about socicty’s increasing need for scientifically and
technologically literate citizens, would scem to be a good place to
start in making the casc for increased funding.

Most school boards will want to know how they can determine the
cducational valuc received for their greater investment.  Chapter 11
discusses how school systems can organize the assessment of science
lcarning in ways that support, rather than hinder, the cfforts of
tcachers and students.
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ASSESSMENT IN ELEMENTARY SCIENCE EDUCATION
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It is a truism, and a truth, that what gets tested gets taught.  Acting
on that widely held belief, policymakers have sought to improve
student performance by periodic assessment, generally through broad-
scale, standardized tests of student achievement.

This improvement policy, however, depends on the quality of the
testing. It assumes that testing experts know how to measure the
things that arc most important for students to Iecarn and that the tests
they design do meesure these things. It assumes that tcachers wit ve
spurred ¢ teach these things, and students to learn them.

It is becoming increasingly clear, however, that the most common
form of asscssment -- paper-and-pencil, multiple-choice (or short-
answer) tests administered to scores of children -- is the weakest link
in the educational chain.

Asscssment Today

Educational assessments are designed to yield information for
particular purposcs, but no form of assessment {ulfills all the purposcs
of the various constituencics of public education. The most
{requently used form, multiple-choice tests, are efficient to administ- -
and scorc. Therefore, they can be given to thousands of students,
allowing a varicty of coraparisons. But they are not particularly uscful
in helping teachers become more effective. And they do not convey
to students the importance of science or its ¢ssence.

Assessment for policy purposes. Assessment has been most often
used to monitor the outcomes of instruction, indicating the condition
of education in the nation, a state, a district, or a school. With
intensifying public pressure to improve educational results, states and
local districts havc invested heavily in mass testing programs for the
purposcs ol monitoring and accountability.

Policymakers have used scores on standardized tests to highlight
incquitics between schools, districts, and states.  These incquitics gave
political lcaders a basis for mobilizing public willingness to remedy
serious incquitics in funding and sci <ices.  Similarly, lcaders have used
the performance of American students -- embarrassingly bad
compared to students clsewhere -- to motivate a greater public and
privatc investment in American cducation.

Despite these accomplishments, assessment for the purposcs of
monitoring and accountability has not lived up to the expectations.

)
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deeply understand;
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a student has applied
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Using test results to guide policy decision: has proved datficult
because ihere is no clear-cut relationship between scores and
resources; policymakers have found it casicr to point out deficiencics
than to remedy them. For example, in some states and localitics,
policymakers have linked tecacher cvaluation or pay to student
performance on t2st scores, believing that the lure of higher salaries
would motivate teachers to work harder and teach better. Bu. the
evidence thus {ar suggests that "high-stakes” testing mainly cncourages
teachers to drill students on the limited factual information and skills
that standardized tests are best designed to mcasure.  Although ncarly
everyone agrees it is important to test factual and vocabulary
knowledge, few (other than the teachers themselves) anticipated that
the link between teacher policies and student test scores would
narrow tcachers’ cfforts down to the conteat of multiple-choice tests.

As tcachers have found it in their best interests to "teach to the
tests,” textbook publishers have found it profitable to produce
textbooks designed to help teachers improve student performance on
standardized iests. Cu..cent textbooks emphasize the factual
information and simpic problems that characterize tests and tend to
discourage inquiry and experimentation. Thus an interlocking system
of curriculum, textbooks, tests, and teacher and school evaluation
systems appears to be driving instruction in the wrong direction by
discouraging teachers from stretching their students beyond the tests
requircments.

The prevalent forms of testing pose problems for all curricular
arcas. The content and format of current tests tell students that the
purposc of schocling is the memorization of a arcat many dry,
claborate, and unconnccted details.  But short-. wer tests pose
special problems for science because science is a way of thinking as
well as a body ol factual knowledge. It also involves doing.  Science
requires carcful understonding of underlying principles, concepts, and
theorics; without that understanding, the details lose their meaning
and arc quickly forgotten. Current tests do a0t require students to
think, to do, or to deeply understand; nor do they shed anv light on
the reasoning a student has applied to a test item.

Not only arc the tests limited in the types of knowledge and skills
they assess, they also often fail to correspond well to that part of the
curriculum they do address.  If they measure anything well, it is the
students’ general knowledge in science, not what students have
learned during some period of instruction.  Unfortunately, even the
mcasures of students’ general knowledge show hat America:, students
arc not lcarning very much about scicnee in school.

Teacher-controlled testing. Tcachers often devise ests of their
own, or usc the problem sets and quizzes provided by the textbook,
to find out what their students are learning. Idcally, these tests
should provide teachers with  :tter information than do standardized
tests designed to be valid across many curricula.  Yet there is
cvidence th2t teacher-made tests, or even teacher-controlied tesis, are
no better av probing eritical «nd hard-to-test aspecis of scicnce
knowledge than are conventional techniques used in large-scale tests.
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SERVICE OF
LEARNING

[W]e pronose a change
in emph:.is: testing
in the service of
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Few teachers have been trained to develop the kind of exercises that
probe <tudent understanding, and few have the skill to interpret them
or the time to administer them.

Regrettably, assessment that helps teachers teach better -- that
gives them immediate feedback on student progress, tests a range of
important skills und processes in scicnce, and probes students’ grasp
of conncctions and patterns -- has generally been left to the ingenuity
of individual teachers or entrusted to publishers of commercial
textbooks. This largely ignored, but extremely important, branch of
asscssment is the primary focus of this chapter.

Suppose there were a scicnce assessment system that mecasured the
full range of knowledge and skills required for scicnce. Suppose this
system were aligned with the sort of instruction that characterizes
good scicnce teaching, combined formal and informal assessment
approaches (including performance on hands-on activitics), and tested
the students’ ability to think through a problem as well as their ability
to remember facts. Suppose cach level of assessment, from first
grade on, were carefully matched to children’s level of physical and
intcllectual development -- neither too concrete nor too abstract at
any given point.

We argue that such a system is a necessary, if not sufficient,
condition for improving the tcaching of science and for producing
scicntifically literate citizens. Since tests do drive instruction, teachers
would nced to change the way they teach science in order to preparc
students for these richer and more varied torms of assessment.

A better assessment system would make . necessary for teachers to
tcach for understanding rather than fer facoal recall. It would
become necessary to teach fewer things in depth, rather than many
things supcrficially. It would also become necessary for school
districts to provide students with the needed cquipment and supplies,
for without them, testing students’ skills in faboratory work would not
be possible.  Since testing these skills vould require teachers to
administer assessment excrcises individually oi in small groups -- a
time-consuming activity -- school districts weuld be compelled to
provide tcachers with the time and training needed to conduct such
assessments. Since a full-bodied assessment program of this kind
would represent all the aspects of Iearning critical to science, tcaching
to the tests would become a positive rather than a negative practice.

Thus we proposc a change in emphasis: testing in the service of
lcarning. Later in this chapter, we discuss the kinds of asscssments
that could be uscful to policymakers, but t' « purposc we have
subordinated to the urgent need to help teachers find out what
students know and can do in clementary scicnce.

An cmphasis on asscssment in the service of Icarning docs not
compete with other forms of assessment, but it differs from them.
Asscssing the status of individual learncrs involves techniques dilferent
from those that assess the performance of an institution.
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Whether the long-term goal of science education is to make all
ASSESSING WHAT students literate in science, or to lay the foundation for the science
MATTERS carcers of only a few students, or both, the short-term goals

T — encompass threc major catcgorics of outcomes: knowledge, skills, and

attitudes (scc Chapter II). The challenge to commcrcial test

publishers, or to the states that develop their own tests, is to improve
the quality of tests put in the hands of teachers so as to make
instruction based on them worthwhile while avoiding certain negative
effects of testing.

The informal and formal asscssment techniques proposed here
have to be used with care. For example, although the assessment
techniques we suggest will encourage hands-on activities and
laboratory experiments, these may run the danger of being rcduced to
a sct of prescribed behaviors. leading to unreficctive, cookbook
activities. The right pedagogical moves can never be prescribed ahead
of timc; they depend on a host of particulars of the context and the
lcarners.

Characteristics  of Assessments of the Future

An asscssment of science learning for any purpose is authentic
only if it matches the curricular and lcarning goals we have cutlined
above. What would such assessments look like?

Of most usc to teachers of clementary school children, especially
those who tcach primary grade children, arc assessment techniques
that are informal, focuscd, incremental, and closely tied to the
particular material being taught. As children grow older and lcarn
more, it is uscful to balance informal approaches with assessments
that are formal, systematic, infrequent, and based on broader
curricular goals.

Techniques to help teachers teach better. Here are scveral
informal techniques that should help teachers:

. -ssments would match instruction, and asscssment cxerciscs
would be indistinguishable from instructional tasks.

As children grow older * Excroises would include hands-on performance tasks that allowed
and learn more, it is students to demonstrate their skills in laboratory techniques and in

useful to balance thinking.
informs! approaches

with assessments that
are formal systematic,
infrequent, and based

on broader curricular * Asscssme s would reveal to the teacher whether the student used
goals. the right method to get a wrong answer, or vice-versa, and thus
cnable the teacher to address the student’s mistake appropriatcly.

* Assessments would probe the child’s depth of undcrstanding as well
as his or her mastery of particular facts and terms.

* Assessments would include an array of informal techniques,
including systcms by which teachers could record their obscrvations
of tudent:, document studene performance, and evaluate student
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Clearly no single test
will be able to address
knowledge, skills, and
attitudes simultaneous'y,
nor demonstrate whether
the student has made
the right inferences.

lcarning over time.

States, coalitions of states, or the fedcral government need to
invest in the development of appropriate exerciscs, performance tasks,
and an array of informal mcans of asscssment for usc at the
classroom level.

Techniques for assessing outcomes for policy purposes. Thc array
of informal assessment techniques available to tcachers should be
complemented by an array of more structured exercises and
cxaminations to cvaluate student lcarning morc formally and to help
policymakcrs judge the cffectiveness of the instruction. At this level,
outcomes should be the primary focus; assessment should be
indiffcrent to the curriculum (by allowing a choice of problems) and
tc the teaching mcihods. How onc might coordinate informal,
classroom-based and formal, systcmatic assessment techniques is
illustrated in the report prepared by a British task force on
assessment (Dcpartment of Education and Science and thc Welsh
Officc, 1987). The usc of mixed assessment techniques, accompanied
by specific teacher training, is required as part of a scrious effort to
achicve the goals cnvisioned in this report.

Critcria for Choosing Tests and Assessment Techniques

What kinds of assessment instruments should teachers look for?
What kinds should school officials and policymakers look for? And
what kinds of questions should they ask about tests?

Both informal and forma! asscssment techniques need to be part
of an ongoing process that captures a wide range of student
competence and knowledge over time. Clearly no single test will be
able to address knowledge, skills, and «ttitudes simultancously, rcr
demonstrate whether the student has made the right inferences. That
is why we urge multiple asscssments <ver time.

Impreving informal assessments. Informal asscssments arc most
uscful to teachers, yet teachers find it hard to systematically and
credibly manage the task of recording their observations of student
activitics and performance. School 1:aders need to help teachers
improve their skills in thi, arca, giving them logistical support and
training on the pitfalls of informal asscssment.

Teachers need to be aierted to the human tendency to notice the
atypical and ignore the commonplace. Knowing that, they can be
persuaded more casily to make their observations systcmatic,
obscrving all students at regular times, tor cxample, rather than when
random cvents would prompt an observation. Tecachers might carry
around a packet of index cards and spend a few minutes now and
then jotting down obscrvations on what students do. Notations about
an individual student’s growth can be reviewed periodically. Teachers
should be encouraged to become scientific obscrvers of their students
as the students lcarn to become scientific obsc~crs of nature.

The reliability of tcacher obscrvations also can be increased when
the obscrvations arce replicated in different contexts employing
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Students, parents, principals,
and colleagues should know
the expectations for learning
and the basis for assessing
performance.
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different tasks. If a child can make a drawing illustrating an idca, talk
or write about it, and sct up a reievant experiment, the teacher can
be quite confident that the child has assimilated the idea. And the
child’s work can be retained to produce a record of progress over
time.

It is also important that tecachers make explicit their criteria for
assessing student performance and lcarning.  Students, parents,
principals, and collcaguces should know the cxpectations for lcarning
and the basis for asscssing performance.

Improving formal assessments. The following questions are good
ones to ask about scicnce curriculum materials and tests:

1. Arc there problems that require students to analyze situations; for
cxample, does a particular statcment make scnsc?

N)

Docs the test feature scts of problems that call for more than
onc step in arriving at the solution?

3. Arc there some problems with more than one correct solution?

4. Arc there opportunitics for students to use their own data and
ceeate their own problems?

S. Arc students encorraged to usc a variewy of approaches (6 solve
a problem?

6. Arc there exercises that encourage students to first estimate the
answer and then check the results?

7. s the information in the problem accurate?

8. Arc there exercises that assess studeats” skills in hands-on
activitics?

9. Arc there some exercises that need to be carried out over time?

10. Arc students occasionally asked to find crrors in problems or
critique the way a problem is sct up?

11, Arc students given the opportunity to make up their own
problems or questions?

Until formal assessment programs with these characteristics are
available, there are some practical things tcachers can do. At the
intermediate grade levels, teachers can use topics in end-of-chapter
quizzes in the textbook as a starting point for assessing in some other
mode.  Multiple-choice questions can be converted into open-cnded
questions.  Textbook questions can serve as the basis for essay
questions, discussion, drewings, or other representations of ideas.
Laboratory activitics can be modified into performance tasks obscrved
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and graded for assessment purposes.
Making Good Usc of Asscssments

Short-term assessments.  Ongoing, informal asscssments should be
cmphasized in elementary school, especially in the primary grades.
Such assessments are important before, during, and after instructional
units:

* Before instruction begins, teachers nced to find out what students
alrcady know about the content and skills relevant to the unit to be
taught so that they can frame the range of the students’
understanding and plan the scrics of Iessons intclligently.

* During instruction, tecachers should continiually observe students and
ask them questions. By listening to young chiidren’s oral reports,
and by reading the written repnrts of children in the intermediate
grades, teachers can find out how students arc progressing and
adjust their tcaching accordingly.

After instruction, tcachers need to use both informal and formal
ways of finding out what students have Icaincd. Whether tcachers
cncourage class discussion or conduct structured tests, they need to
cmphasize additional applications of the new ideas students have
lcarned to find out whether students have gained understanding or
are simply regurgitating content in a rote fashion.

As children move into the upper clementary grades, tcachers can
expect students to become more proficient in written and oral
communication and in laboratory activitics. End-of-unit tests should
net revert to exercises in rote recall.  As an alternative, teachers can
obscrve students’ performance during hands-on activitics and cxamine
portfolios of the students’ work during the unit of study. Whatever
mcthod of more formal assessment i< used, students should be asked
to communicatc what they have learned; if they cannot communicate
their science knowledge, they probably haven’t gained much
understanding.

Long-term assessments. Certain kinds of Icarning -- problem-
solving skills and the development of laboratory skills -- occur in such
small increments that short-term assessments do not register any
discernible change in performance. Thus long-term assessments arc
nceded both to monitor individual student development and to shed
some light on program quality and the articulation of programs from
grade to grade.

Somc skills -- writing, for example -- cut across content arcas.
Monitoring the development of these gencral skills provides important
information about the overall success of the school program. Data
for this type of asscssmeat can be amassed by keeping portfolios of
student products across the curriculum. Students could be asked to
write about cach subject including scicnce every month, to respond to
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tecacher critiques by rewriting, and to add the finished picces to their
portfolios. In a spring conference with cach studerit, teachers can
comparc their work at the beginning of the year with their work at
the end of the year. The comparisons give students a good
opportunity to lcarn how to judge their own perfoimaiice and take
pride in their growth.

The development of adequaie measures of student achicvement
to guide tcachers, and to inform local, siate, and national cducational
policy, will requirc a national rescarch cffort. This cffort will nced to
be supported by networks of other agencics and institutions to test
out, refine, and disseminate a coherent sct of assessment designs.
Beyond that, states and districts will need to train tecachers to use new
asscssment tools and cncourage textbook publishers to improve the
problems and cxcrcises in textbooks.

Asscssing  Attitudcs

Although there arc now no technically credible methods to find
out whether students apply scientific habits of mind to out-of-sckool
situations, studcnts’ attitudes about scicnce can be probed informally.
There may be merit in asking students whether they like scicnce and
in monitoring differences in attitudes toward science among subgroups
-- for example, males and females; whites, African-Americans, and
Hispanics; poor and middlc-class students. There may also be valuc
in keeping record on how many students, and what kinds of students,
go on to take optional scicnce courses in high school. If informal
surveys and course-taking data show that some groups of students do
not take advauced science courses, school planncrs need to determine
whether the students have been inadequately prepared, whether they
believe that science careers are not pertinent to their lives, or both.
Whatever the cause, the condition needs to be remedicd.

Conscquences of Goed Assessment

The approaches to assessment we have outlined above would
have scveral desirable conscquences for scicnce teaching and Iearning.
First, the issuc of tcaching to the test will become moot; if the
content is worthwhile, tcaching to the test is worthwhile. Since only a

small portion of our proposed asscssment program involves rote
memorization and recall, it largely resists manipulation through
coaching or drilling. Morcover, many of the asscssment exercises arc
designed to teach as well as test; the boundary between teaching and
testing collapses when the student is expected to apply knowledge to
the solution of problems. When tcachers’ asscssment questions are
well framed, and when teachers provide siudents with effective and
immediate feedback, the very act of answering a question tcaches the
student to think and to harness knowledge and skill for both
intcllectual and practical purposcs.

Second, the asscssment system will not be tightly
compartmentalized into subject arcas. Though some of our proposed
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assessment techniques are labor intensive and time consuming, a good
pait of the extra time is paid back to a!’ other disciplines, including
not only mathcmatics (thc most obviously related discipline) but ako
rcading, writing, social studics, and history. When an assessment
cxercisc calls for the use of mathematics to solve a scicnce problem,
students are lcarning to apply math. If a science assessment exercise
requircs students to write a paper explaining a scientific phenomenon
(and if the teacher critiques the paper and encourages rewriting),
students arc lcarning to write. The "thinking skills" that have become
such a concern of late are exercised when children are asked to think
through a mcaty asscssment task.

Third, the very act of assessing science learning will communicate
to clewcentary school children that scicnce is at least as important as
rcading and mathematics.

Fourth, in a well-designed assessment program, the knowledge,
skills, and attitudes being taught and assessed will be imbedded in rich
content.  When choosing the particular subject matter to tcach, it is
important to choosc topics and exercises that bear some relationship
to the broad concepts sct forth in Chapter I1. - Although clementary
school students are too young to understana these concepts in their
abstract form, they can be provided with experiences that they can
draw on in forming these concepts in the higher grades. Asscssments
should rcgister student progress toward the understanding of these
concepts.

Fifth, a good asscssment design also will build on the new
knowledge about how children learn science (see Chapter I): it is
important to find out what children already know; children’s prior
conceptions can get in the way of their learning; students need time
to construct their own knowledge; children learn more when they
study fewer topics in greater depth; and students lcarn a great deal
through interaction with other students.

Sixth, if taken seriously by states, school districts, schools, and
tcachers, the less-is-more principle means that curriculum writers in
various localitics will chose fewer topics from a wide varicty of
possibilitics. Thus not all students will be studying the same topics.
Some topics might be chosen because they are immediately important
to children and their parents and communitics. For cxample, such
current and hotly debated issucs as acid rain, oil spills, epidemics, or
carthquakes can be vehicles to teach fundamental scientilic concepts
and skills. Othcer topics might be chosen because curriculum writers
support a national consensus that certain learning outcomes arc
important whether or not they are currently relevant.  As state or
school district lcaders develop banks of asscssment exercises (o
support their curricula, they need to recognize that the particular
topics students will be studying will vary as public issucs emerge and
as national scicentific o1 anizations change their formulations of what
students should learn. Therefore assessment instruments too closcly
ticd to particular examples may miss the mark.

In Britain as well as in the United States, assessment lcaders have
advocated a way to assess student progress in 2 manner that
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recognizes a legitimate variety in the choice of particular t.  cs:
Students (or teachers) can be given a choice of assessment problems
to solve. Giving students or tcachers a choice of problems conveys
that not cverything has to be covered. Moreover, fewer problems to
answer during a tsting period permits an cmphasis on depth --
problems with many parts that rcquire time to understand and solve.

Several states, including California, Connc:ticut, Illinois,
Massachusctts, Michigan, and New York, are tiying to devclop
assessment exercises that will come closer than can paper-and-pencil
tests to probing some of the important goals for science ed xcation in
clementary school. But the full development of those exercises will
be a long time coming.

Mcanwhile, school leaders need to develop assessment techniques
that will circunvent the tendency of current testing programs to
narrow science tcaching so that students will "lcok good” on limited
outcome measures. An asscssment of program features can at Icast
determine whether a school district or school provides the conditions
that permit good scicnce instruction to takz place: time and the
opportunity to learn, facilitics, matcrials, staff preparation, and
expectations.  The presence of these conditions docs not guarantee
cftectivencess, but their absence certainiy constrains tcachers’ abilitics
to be effective.  Collecting and displaying information about thesc
enabling conditions may be, in the short run, the best way to
counterbalance the negative effects of limited outcome measures.

Time and the Opportunity to Learn

The assessment of two critical program features -- time and the
opportunity to lcarn -- rar bc most uscful to policymakers when the
data permit an analysis of the experience of subgroups of studc “ts.
Not only is it uscful to gather data according to race, class. gender,
and school; it is also important to find out how different subgioups of
students experience the same programs in different class assignments
within the same school.

Recent data from the International Association for the Evaluation
¢f Educational Achievement’s (IEA) Second International
Mathematics Study demonstrate this point nicely. The study collected
data about the types of classrooms 8th graders were cnrolled in
(remedial, typical, enriched, algebra) and the type of calculus
classroom: 12th graders were enrolled in (calculus or pre-calculus).
An analysis of the data suggested that the students enrolled in the
"casicr” class levels accounted for much of the low achievement of
U.S. students compared to equivalent students in other nations. The
study aiso collected information about opportunity-to-learn, finding
that students in the casier class levels had much less exposure (o the
topics and skills tested than their peers in other countrics and their
pecers in more rigorous courses in the United States. Thus one cluc
to the poor saowing of U.S. students was that many of them simply
hadn’t been taught the material.
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Time for instruction and student activitics is critical to science
learning at the clementary level, yet the typical K-6 curriculum
minimizes the time available for science. Time for science in
elementary school neced not come totally at the expense of other
subjects. Rcading, writing, and mathcmatics can be closely intecrwoven
with science; social studies, art, and music can also, though less so.
And science can provide topics for use in the other subjects. Thus,
the matter of more time devoted to science is not, and should not be,
a simple matter of taking timc away from other subjects and giving it
to scicnce.

Curriculum Content and Materials

An assessment of program features should also collect data on
the curriculum content, as embodied in the curricular framework,
textbooks, haids-on exercises and laboratory materials, additional
reading matciials, audiovisual materials, and availability of computer
hardwarc and software. Data collection must then be followed by an
cvaluation of the quality of these materials. Judgments about the
quality of materials for clementary children might involve evaluation
of the importance and accuracy of the science content, what teachers
say about the uscfulness of the materials in their teaching, and about
children’s interest in the material what the children themselves say
about the materials, and what classroom observers report about their
actual usc.

School Structurcs

Asscssing student access to scicnce knowledge also involves
mecasuring the following tangible program fcatures: Do student
assignment practices and the curricvlum associated with ability
groupings restrict the exposure of subgroups of students to science
instruction? Arc there science specialists available cither to tcach
science or to help regular teachers tcach more cffectively?  Are there
after-school tutoring programs to hclp students who fall behind? Do
schools provide science fairs, ficld trips, asscmblics, muscum programs,
or other program cmichments? Arc parents asked to involve
themsclves with their children’s science projects and activitics? Do
teachers have opportunitics to learn more about science teaching and
science itself? Do school staft members believe that science is
important for all students? Do teachers assign science homework?

A Systemwide Press for Science Achievement

Whatcver the views of individual teachers and loce! facuitics,
scicnce education in the elementary school is not likely to flourish
unlcss the schooi distiict’s lead.rs believe it is important. A school
district’s intentioas can be assessed by the following features: Doces
the system organize opporwnitics for schoolwide and systemwide
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recognition of student achievement in science? Does the board and
superintendent support, by word and deed, science in clementary
schools? Do district hiring practices and staff development programs
recognize the relationship between teachers’ knowledge of science and
their ability to teach it well? Does the school system permit or
cncourage nonacademic interruptions that interfere witl: science
tcaching? Docs the school district purchase an adequate supply of
kits, cquipment, supplies, and matcrials and organize a system that
makes them available to teachers when needed?

Professional Conditions for Scicnce Teaching

Teacher satisfaction and the professional cliaate in the schools
arc related, even if indirectly, to teacher effectiveness in scicnce
tcaching. An asscssment cf program features should therefore inciude
a review of program ingredients that contribute to tcacher satisfaction:
tcacher salary levels compared with those of nearby districts; teachers’
class size and pupil load; the adequacy of clerical support for
noninstructional tasks; time for school-based, collegial goal sctting,
pregram planning, curriculum devele | nent, and staff development; a
voice for teachc ~ in schoolwide decisions; and the principals’
commitment to, and support for, scicnce teaching and professional
cxperimentation.

These conditions arc only proxies for good science instruction,
but the collection, analysis, and dissemination of data about these
program f{catures will at lcast tell policymakers if their policics and
budgets help or hinder science programs.

Gtate and local educational officials will continue to seck information
about whcther students have made progress over time, whether state
and district policics and resources have made a positive difference,
and whether some of the children they arc accountable to are
achieving better than others. They also will want to compare the
achicvement of their own students to those in other states and
nadons. For these reasons, testing for the purposes of monitoring
and accountability appcars t« be a permanent fixture in American
cducation.

The weakness of the current tests and their inability to measurce
student understandings and skills essential to science underscore the
nced to improve broad-scale testing programs so that they will
support and guide excellence in science teaching and learning. We
therefore advocate the following:

* The development of externally mandated assessments that conform
closcly o the characteristics of good scicnce currizula and
instruction, as sct forth in this report, including the requirement
that students interact with objects and apparatus as well as with
paper and pencils; attertion to student understandings of concepts
as well as to their factual knowledge; and the evaluation of
individual and group approaches to the solution of problems as well
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as cvaluation of their answers.

A coordinated national effort to align assessments conducted at
different levels for differem purposes so that national and state
assessments encourage better science teaching at the local level and
local assessments inform state and national policics.

* Morc atiention to carcful and informative analysis of asscssment

results and to the manncer of reporting and dissecminating the results.

A simplistic ranking of schools, or of students, especially when
accompanicd by rewards or sanctions, may quickly crode the validity
of the assessment as teachers try to improve scores without
improving the student undersiandings that the scores were intended
to represent.

Surmounting the present iimitations of accountability testing is an
urgent and attainable goal. Properly constructed and used, a
coordinated asscssment program designed to tes. the full range of
desired lcarning outcomes has the potential to improve teaching; to
tcach children cven as they are being tested; and to inform the
decisions of thosc who design curriculum, manage school systems, and
arc accountable to the public for the cffectiveness of cducational
programs.
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’I-;]C Center’s proposed reforms in teacher education, staff
development, and organizational support arc the most radical and far-
recaching component of its design for elementary science education,
but tk -+ are essential.  The plan sct forth in this chapter requires
nothit  short of a fundamental change in the content and pedagogy
of scicnee education for undergraduate students preparing to be
clementary teachers and in the professional development and support
of current teachers.

Before any of these proposed changes can occur, the rhetoric of
cooperation between science facultics and educational scheol facultics
will have to become a reality.  The long-lamented obstacles o better
coordination between the colleges and the schools will need to be
removed.  The plan sct forth here requires change -- from the
classroom to the federal government -- in the policies and practices
that now inhibit good science teaching.

Although the changes proposed here have long been proposed by
others, the institutions involved have thus far resisted them. But in
our view, major shifts in institutional norms and boundarics are
required if policymakers and cducators at all levels are seriously
intc-csted in creating a scientifically literate population ir the, next
generation. Our case for significant changes in teacher development
begins with what is known about clementary school teachers’
knowledge of scicnce and how they currently teach science.

Surveys conducted by the National Science Teachas Association show
that only 31 pereent of K-3 teachers and 42 percent of 4-6 tcachiers
have taken its recommended series of beginning courses in biology,
physics, and carth science. Fewer than half the states require
clementary teachers to tak: » course in the mothods of teaching
scicnce. A 1985-1986 survey s, ved that 82 pereent of clementary
teachers fclt qualified to teach reading, but only 27 percent felt
qualificd to teach cither physical or carth/space science.

Although teuchers report that they use inquiry-based methods and
stress higher-order thinking and concept development, rescarchers
who observe teachers repeatedly find that they stress factual learning,
Studics of both preservice and inservice clementary teachers show
that teachers’ knowledge of science resides exclusively in memorized
nam~s and {echnical terms, and because they lack an operational
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understanding of these names and terms, they are unable to reason
wita them in specific instances. Many teachers lack sufficient
understanding of scicnee to distinguish between memorizatica of facts
and the concepts and reasoning processes that make science
intciligible, interesting, and usable.

Somc states have responded to this discouraging state of affairs
by simply requiring tcachers to take more scicnee and science
mcthods courses.  We believe, however, that such a policy will fail
unless colleges and universitics fundamentally change their approach
to the cducation of prospective teachers.

Most current lower-division college scicnce courses assume that
an ovcrall survey of a discipline is the best way to prepare students
for further and deeper study in that discipline or is best if the
students will take only one or two courses. Yet the
cvidence on science learning shows that Icarners are buried in an
avalanche of difficult and unfamiliar terms and facts when « > many
topics arc "covered” in the typical college (and school) course. The
underlying principles and explanaiory theories get lost in a blizz rd of
dctails.

The less-is-morce principle sct forth in Charter I applics a.
powcerfully to college students planning to be tcachers as it does to
the students they will eventually teach.  College courses need to be
re ‘esigned so that prospective teachers acquine an understanding of
basic scientific concepts.  That understanding needs to be firm enough
to permit teachers to apply those concepts across the topics anu
scientific disciplines typically taught in public schools.

But a deep understanding of content is not cnougl.. Te' -hers
also nced a rich and flexible understanding of a teaching model
appropriatc to young children. Teachers cannot become masters of
the four-stage teaching model sketched in Chapter 11 by sitting in a
college lecture hall; rather, achicving this requires repeawed exposure
to both theory and practice.

Teacher development is currently compartmentalized, occurring in
discrete phases and different locations:

* The first phase usually involves liberal arts coursework in acadciaic
departments.

* The sccond phase usually . ..olves professiona: coursework in
schools or colleges of cducation.

* The third phasc usually involves inservice education planned by
administrators in local school districts.

Rarcly is there coherence or continuity across these phases, nor i
there much meaningful contact among the partics involved.  There is
usualty a sharp scparation between the acquisition of subject matter
knowledge and its application to teaching in cducation courscs.
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At the end of their preserviee preparstion, which is usuaily
tantamount to state certification, newly hired teachers are assumed to
be ready o take full responsibility for a class -- often, a class so
difficult to teach thar expericneed teachers have been able to escape
it through scniority.

Oncce on the jeb, teachers’ opportunitics to continue learning
usually consist of personal decisions to take advantage of a
smorgasbord of inscrvice workshops or courses, which are cither short
term and practical or long term and theorcetical. Teachers are scldom
cngaged in a coherent, long-term, development cffort.

Over the last few years, many states, universitics, and local school
districts have tried to address these well-recognized deficiencies in
tcacher preparation and aevelopment.  Although we sapport some of
these cfforts, others scem to fall short of the goal o! improving
scicnee education in clementary schools.  Our vision of excellent
cducation for teachers ol clementary scivnee has the following
characteristics:

1. Teacher development is organized so that its components -
scientific knowledge, prolessional knowledge, expericnees with
children. and the assumption ol [ull responsibility for students --
arc morce gradually and continuously interwoven,

o

. The theory of learning applied to the education of teachers in
training paralicls the theory of lcarning they will apply to the
cducation of their future students.  Adult begianers in scienee
experience the naturai world direcetly, and they assimilute knowledge
i collaboration with others engaged in the same quest.  After
being exposed to knowledge about stages of development in
children’s language and thinking, and to the art and cralt of science
tcaching as practiced by master teachers, teachers in training have
opportunitics to absorb and appropriate that knowledge through
repeated cycles ol theory and practice.  Learning through
experience is good for both the mastery of scientific content and
the mastery of good seience pedagogy.

3. Campus instruction, licld instruction, and inscrvice ceducation
overlap.  As prospective teachers progress through their training,
they spend less time on campus and more time with children in
schools.  As they gradually assume teaching responsibilitics, teachers
arc more and morce under the tutelage of expert clementary scienee
tcachers and less under that ol university faculty; this transition is
gradual rat.cr than abrupt.

4. University faculties. school districts, state certification agencics, and
tcacher unions develop @ consensus and collabora.e because all
partics recogn. * that productive change in one part of the system
almost certainly rests o~ simultanicous changes in another part of
the system.

s
41 N



THE EARLY
PHASE OF
TEACHER
DEVELOPMENT

Prospective elementary
teachers need to major
in an academic discipline.

Q

ERIC

Aruitoxt provided by Eic:

5. Teachers exemplify the ideal of continuous learning by secking out
opportunitics to lcarn more about science and scicnce teaching.
The school district creates inscervice opportunitics that teachers
rclish, rather than disparage, and children find value and pleasure
in lcarning because their teachers demonstrate a love of Icarning.

Given what clementary school teachers need to know and be able to
do, the first phase of tcacher development should include (1) a major
in an academic discipline rather than in education, (2) the study of
onc or more of the sciences in courses where teachers experience
science gs science rather than as an exercise in memorization, and (3)
coursework in child lcarning ana development that invelves theory
and cxpericnce and that includes the study of cultural and community
influcnces on teaching and learning.

Prospcctive clementary teachers need to major in an academic
discipline, rather than in education, which typically includes one or
two courscs from a large number of disciptines. Majoring in one
discipline gives prospective teachers depth of understanding, so they
know what a body of knowledge is -- a requircment if they are to
represent bodies of luowledge to their students and encourage their
students’ pursuit of in-depth study.

All prospective clementary teachers, whatever their colicge major,
nced to know znough science to teach it well. The National Science
Tecachers Association recommends one couise cach ia life, physical,
and carth science. Others recommend at lcast two couises in one
scicnce, with exposure to other sciencees as well.  Although we
support the idca that clementary school teachers should study several
branchces of science, far morce critical is how those sciences are taught.

Courses designed for students intending to become scientists
usually dcal with the facts and principles of scicnces but scldom with
the history and philosophy of scicnce or the nature of scientific
thinking. Because public school teachers will come into contact with
parcnts and other laymen who fear sciencee, or swho believe it is
hostile to their religious or personal values, stadents who intend to
become publ. school teachers also need to answer questions such as:
What is unique about scientific knowledge? Which aspects of scientific:
th...king arc like "common sense” thinking? Which are not? What
kinds of questions can scicnee answer? What kinds cannot be
answered by science? Redesigned science courses for teachers should:

* Teach scicnee in the way it is practiced, which means that students
pursuc rcal questions about the natural world and incorporate
investizative methods with knowledge of the important facts and
concepts of the discipline

* Rclate one branch of science to the others

* Ground the students in the phiiosophical ascumptions of modern
science and provide historical context
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* Help students relate scientific content to social and cconomic issues

A course with these features would spend more time on fewer
concepts han current courses do.  The instructor would back off,
slow down, and give students a chance to follow and absorb the
development of fewer major scientific idcas. The development of
such courses requires collaboration among professors of different
scientific disciplines and between science professors and professors of
history and philosophy. In the rescarch universitics, where professors
arc rcwarded cnly for rescarch and publications, the neceded
interdisciplinary cooperation will probably require professors to make
some small sacrifices -- unless those concerned with tenure criteria arc
willing to dcpart 1rom standard practices.

We arc not calling for a course called "Science for Nonscience
Majors" or "Science for Elementary Teachers.” If prospective teachers
arc isolated in special, watered-down courses, they are deprived of
both the content and the high-level discourse that science majors can
stimulate in class. Prospective elementary teachers (as well as
prospective scientists) benefit from scicnce courses that involve
expericnee and exploration as well as reading.

For teachers of young children, the carly phasc of teacher
development abso requires the study of child development and the
school context. Teachers are usually unaware of the concepts about
the natural world that children have formed for themselves or cven
that children have such concepts. A well-designed coursc in child
icarning helps prospective teachers learn to structure and interpret
their cbservations of children’s conceptions ana to probe children’s
idcas skillfully.

The importance of the rescarch on children’s prior conceptions is
not mercly that chadren come to school with some "wrong” beliefs
about the physical world: that has long been known. Rather, it is
that good tcaching requires teachers to know what children do not
know. or incorrectly know, which is far more difficult than it scems.
Much knowledge and skill are required to find out what is in the
children’s minds and to help them replace scemingly reasonable idcas
about the world with the canonical ideas of scicnee.

Study of the social organization of schools, as wcll as the
influcnce of culture, social class, income, values, and politics on
schools, helps teachers understand more about what makes students
and schools tick. The country’s changing demographics -- where
culturces, first languages. and everyday cxperiences of children in
Amcrica’s schools are rapidly becoming less like those of their
teachers -- make it cven more important that prospective teachers
have oppurtunitics such as these. With these understandings, teachets
can better distinguish between helpful and harmful school structures
and attitudes and arc thus in a better position to reform unsupportive
learning cnvironments when they find them.

Learning about child development and school organization must
be grounded in both theory and expericnce. When students mercly
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study theory in class, they do not learn how to recognize
manifcstations of the theory. Merely observing children in their
school and home cnvironment is not cnough cither although that is
what prospective teachers are often sent out to do. Obscrvations of
children take on mcaning only when they are structured by a sound
intcllectual framework and when the Iearners arc helped to interpret
what is happcning and why.

In this phase, prospective teachers move from studying about scicnce
and children to learning how to foster children’s academic growth in

the classroom and schooi through practice teaching or internship.  As
they move towards tcaching, prospective tcachers must:

* Decvelop a repertoire of teaching techniques, including those that
specifically apply to children’s growth in the understanding of
science

* Practice those techniques in various teaching situations with
guidance

* Acquire a knowledge of science teaching and materials

¢ Assumc classroom rosponsibilitics under supcervision (student
tcaching or inteinship)

* Receive continuing feedback from experienced classroom teachers
and scicnce specialists

Giving prospective teachers lectures on "tcaching strategics that
work” has not proved to be a very cffective method.  Effective
training 2lso requires beginners to obscrve, practice, and master both
subject-specific and general teaching techniques. Some techniques can
be applied across disciplines, ¢hopcrative learning, for example. can be
uscd to teuch science, ianguage, or history

But tcaching techniques, however useful, are only vehicles for
tcaching particular content to particular ¢*ildren at various ages and
stages of development. Unless instructors arc as versca 1 content as
they are in technique, and unicss the examples they use o Hiustrate
techniques are appropriate to both content and developmental level,
the training will not be very cffective.

After prospective teachers have been exposed to a repertoire of
techniques, and understand the theory and rationale for cach, they
need to practice the technique on others (videotapes are cspecially
helplul) and receive feedback from them. Then they need to do as
much in a classroom with one child or a small group of -hildren, with
coaching from an cxperienced practitioner.  Because the key to good
tcaching is making appropriate decisions on wien and how to usc
cach techmque, prospective teachers need a lot of time to discuss
with experienced observers the use of various techniques in particular
situations.
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Good science teaching, however, requires more than a mastery of
techniques.  Teachers need to be able to answer the questions, "What
scicnce should  tcach?" and "How should I sequence my instruction?”
Well-conceived lessons are much more than a sct of fun experiences
of science content. If children arc to accunaulate the experiences that
eventually "cad them to understand the underiying concepts set forth
in Chapter II, tcachers need to learn how to organize specific content
in reference to those long-term, conceptual goals.

Frospective teachers best learn to make connections between
particular lessons and * arning outcomes by sccing, using, and
adapting lessons and activities from various sources -- textbooks,
science kits, and some of the more up-to-date programs developed
with federal or district support. Finally, they nced to learn about, and
in -omc cases develop and usc. assessment techniques that test a
varicty of scicnce outcomes in a variety of ways.

With the growing number of at-risk children in today’s schools,
clementary school tcachers arc faced with difficult questions about
classroom priorities. During the middle phasc of their development,
when teachers are not yet burdened with the anxiety of full
responsibility, tcachers can more thoughtfully answer these questions:
Is scicnee a priority wien the kids don’t know how to rcad and
computc? How cun I teach hands-on scicnce when I can’t keep the
class under control? What sciecnce content is most relevant to these
children’s lives? Why should I tcach science when I am evaluated only
on my ability to tcach rcading and math?

Prospective teachers preparing to teach at-risk students should
lcarn that the kind of science teaching described in this report is good
for all children. All children have a low tolerance for uninteresting
activitics that they see no purpose for. Much of the mind-numbing
drill imposed on at-risk children today falls into that category. But
sciencee, properly taught, is perhaps the subject with the most intrinsic
appcal to children because it involves things they can sce, manipulate.
and change; it allows thens to explore, investicate, and test.

All children, but especially children at nisk, are more likeiy to
become cngaged with school science if teachers plan learning
cxperiences that pay attention to:

* Content that draws on the students” immediate environment and
thus relates to their daily lives outside school

* Conwent that makes 1t clear to students, through biography and
history, that science is not the exclusive provinee of white males

* Content that uses out-of-school resources, such as muscums, zoo0s,
gardens, and hospitals, to expand students experiences

* Cooperative lcarning, which is not only good science pedagogy for
all science students but may also significantly affect the
~chiceveraent levels and social skills of poor and minority children
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* Instruction based on expericnce and inquiry, which losters a
student’s cognitive growth, conlidence in his or "er ability to learn,
and a sense of control over * ™~ or her fate -- issues for every child,
but cspecially for tac vulneravle child

* Instruction informed by the knowledge that children from various
cultures view the natural woild ditferently and approach le..ning
variously

Prospective teachets also need exposare to and expericnee with
the potential of new clectronic learning technologies.  Projects across
the country (and across the world) are developing ways for
microcomputers, vi Jeodiscs, and other tools to expand student
lcarning. These tools can create microworlds where students can
manipulatc variables more quickly and accurately than otherwise
possible.  They permit an individualization unhcard of today, and they
motvaic cvern the most recalcitrant youngsters to learn.

Opportunitics to work with these technological innovations, 2nd to
determine how they can enhance the lcarning of the concepts, shals,
and attitudes discussed in Chapter II, are mportant features of the
preparation of teachers in the middle phase.

Student teachers or interns should have the opportunity to
observe and work with tcachers who teach science well and ar.
committed to it. This ideal differs sharply from current practice,
which cmphasizes mimicry of a particular tecacher who wants to
supervise a prospective teacher but who may not exemplify a range of
desirable practices.  Unless teachers in training have this direct
contact with outstanding teachers of elementary science, they are
unlikely to teach scicnee well, or at all, when they assume full
classroom responsibilitics.

The continuum of teacher development now moves to a critical
placc -- the teacher’s first ycar. The first year of teaching is very
stressful, and because it is, far too many well-cducated, cnthusiastic,
and potentially great teachers leave teaching prematurcely.
Policymakers and administrators have begun to recognize the folly of
the "sink or swim” approach to iirst year teachers. especially when
they face nearly certain shortages of well-qualified teachers.  Twenty-
two states now have special programs for beginning teachers, and
other states and local school districts are developing them. The best
of these programs have well-chosen, well-trained mentor teachers who
are good at teaching both children and aduits. Budgets and schedules
allow mentors and begianing teachers to observe one another and
sharc their observations.  Beginning teachers are given relatively casy
assignments rather than difficult ones.

Geod induction programs help beginning teachers become
comfortable with inquiry-based teaching methods, guide their choice
of curriculum and matcrials, develop their skill in the use of hardware
and softwarc. and help them establish workable routines so that the
burdens of teaching are bearable. They also reinforce the norm of
continuous learning so that teachers, from the start, seek ways to
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grow in scicnce knowledge and teaching skill.

Few ¢! today’s tcachers have had the kind of preparation just
described.  They vary widely in their preparation to teach science,
their comfort with teaching it, and their commitment to continuous
lcarning. The varicd nature of the present teacher population calls
for an cqually varicd approach to the development of teachers in
service.

Much of what we have alrcady rccommended Jor preservice and
beginning tecachers we also recommend for inservice teachers.
Current tcachers nced more knowledge of the primary concepts and
principles of the scientific disciplines, an understanding of their own
and their children’s conceptions of science, and a repertoire of
techniques to help children understand science.  This scientific and
pedagogical knowledge should be the content of good staff
development for clementary teachers.

Staff Development Approaches

Typically, teachers renew or fill gaps in their knowledge through
bricf, inservice workshops or in highly theoretical university
coursework. Lither way, tcachers are unlikely to change their
practices because the training is either too superficial or too removed
from classroom realitics to have a lasting cffect.

Even the NSF-sponsorcd institutes of a decade or two ago, which
were long and intense ana combined theory with practice, often failed
to produce meaningful change becausce the institutes removed teachers
from their home context. When solitary teachers returned to their
districts, they had little administrative support for trying out new
approaches and no support from peers who had experienced the same
training.

Over the past decade, rescarchers have le..ned a great deal
about what kinds of staff development do produce jasting changes in
teachers’ practices.  Effective approaches allow for intensive study and
cngagement with new knowledge and skills over time, with time to
practice and work out problems of implementation.

e didactic approach to teacher training scems to dominate
current approaches io staff development, yet this approach is often
done poorly. When done well, didactic training  .ich is only onc of
scveral effective approaches) includes:

* Exposition of the theory ¢ -ationale behind new teaching
approaches to be learned

* An opportunity for teachers to see experts demonstrate a new
approach

* An opportunity for tcachers to practice the approach with other

adulss in the training sctting

47

)




The entire weight of the
institution works against
change.

ERIC

Aruitoxt provided by Eic:

* An opportunity for teachers to practice the approach in their
classroomrs with children and to be observed and given feedback by
cither trained administrators or peers.

Another approach to staf¥ development puts morc emphasis on
obscrvation and asscssment.  The key components of good science
tcaching ¢ 'n be described, and these descriptors can be used by a
trained principal, peer, or science specialist to obscrve teachers and
then work with them, individually or collectively, to remove barriers to
and provid~ support for good science teaching.

Arother approach is to ask tcachess to develop curriculum. As
tcuchers gather information and matcrials, and review rescarch about
cffective science teaching and lcarning, they enhence their knowledge
of appropriatc science content and learn to design and test coherent
progr *ms. In doing so, ihey develop their own knowledge and skills
for good science teaching.

Capturing the Benefiis of Inscrvice Training

The changes in science teaching brought about by even good
training programs arc fragilc, although they arc less fragile than the
usua: short-term, hit-and-run workshops. T} : tcaching act is highly
complex, and science is only one of the many responsibilities an
clementary school teacher must juggle. Morcover, the entire weight
of the institution works against change. If teachers perform new
techniques awkwardiy at first, and arc discouraged on that account,
they tend to revert to teaching the wav they were taught -- telling,
assigning, and testing.

Even exemplary staff development programs work only when the
school district advocates better practices, permits teachers to refinz
those practices, and allows teachers to work together to 18aforce new
behaviors, solve problems, and continue their professional growth.
Good structures convey that the smooth acquisition of unfamiliar and
cffective teaching techniques is important and that teachers are
cxpected to learn and use them.

Institutes similer in design to the NSF-:ponsored institutes permit
an antense, in-depth experience that allows teachers to experience
sc’ence the way scientists do. By drawing several teachers from one
school (and if the principal can attend, so much the better), who can
then reinforce one another when they return to their school, the
problem of the lone teacher returning to an unsympathetic school is
alleviated.

Teacher centers, sometimes in the school and sometimes within
the district, provide close-to-home support for teachers” use of new
practices.  Centers can usc a number of staft de2lopment modeis:
convenirg and supporting groups, finding ana assembling materials,
bringing in cxpert consultants or trainers, ccaching in classrooms, and
generally providing the kind of ongoing stpport that keeps an
inscrvice cffort from fading away.
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Even the best educated teachers can be thwarted in their attempts to
teach science if the school or school system fails to support them.
Just as few teachers know science or feel comfortable teaching it, few
principals fecl comfortable providing lcadership and support for
scicnce tcaching. Moreover, the recent emphasis on reading and
math test scorcs has led to the neglect of science (as well as social
studics). And tcachers rarcly have the materials they need to teach
hands-on science. rew states or school system coordinate science
goals with materials, staff development, st ident testing, and program
monitoring. Clearly, the crrrent organizational context fails to
support cxcellence in science teaching.

The body of rescarch on science teaching and cducational change
suggests that successful science programs require five ingredients:

1. Clear purposes, outcome measures, aird program designs. The statcs
arc in an exccllunt position to cooird’nate all the clements of a
program: curriculum, instruction, assessment, tcacher certification
standards, and critcria for the selection of teaching materials.
Increasingly, states are excrcising their power to harmonize these
clements.

2. Adequute, appropriate resources. Districts then need to make state-
dcfined programs operational by cnabling pcople at various levels
to come together on an agenda for science education. The agenda
should includce the scope and sequence of the scieace curriculum,
with topics and units of instruction for cach grade level; a coherent
sta:” development program for teachers and administrators; a
systematic way to provice teachers witk the basic facilitics,
cquipment, supplics, and reading materials; and an assessment
program that not only promotcs good classroom dccisions but also
tracks outcomes districtwide.

Teorher assignment policies should atso be part of the discussion
on resources.  Since the opportunity to lecarn scicnce depends, in
part, on tcachers who arc knowledgeable, enthusiastic, and
committed to science teaching, the question of whether to employ
scicnce specialists nceds careful consideration.  Where one teacher
on the staff is very knowledgeable about science and inquiry
methods, it is probably wisc to usc that tcacher as a specialist who
tcaches science across the grades. In that case, though, it wouid be
important to structurc classes <o that the scicnce teacher has time
to observe the children in other subjects and to plan closely with
other tcachers. If zommon planning time cannot be arranged,
teachers know some science, and an :inscrvice training program can
be mounted, the best solution may be to have everyone tcach
scicncc.

3. A coordinated, coherent, sustained staff development program. A
district that carcs about science learning wiil help tcachers develop
and rcfresh their knowledge and skills by offering a staff
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development program directly related to the district’s s¢2nce
program. The program should include in-classroom coaching and
follow-up scssions that promote reflection and collegiality.

. Teacher voice in school decisions. Tcachers who help make

decisions arc more willing to implement them, and the decisions
arc nearly always better when informed by teachers’ knowledge of
students, classrooms, and programs. Though states or districts arc
responsible for setting overall goals and developing curricular
frameworks, teachers can best guide decisions about what topics,
activitics, and materials are most ayppropriace for children at
different grade levels and where science can best be integrated with
other subjects.

. Strong and clear leadership. Rescarch on successful implementation

confirms that Iecaders need to provide clear direction.  Program
success may depend on school and district administrators
maintaining pressurc on tcachers to give new practices a fair trail,
but only if they also provide the assistance and support nceded to
make them work.

Srheol and district leaders have the authority to create and retire
prioritics.  When science is a priority, lcaders provide relcase time
for teachers to prepare for teaching, plan with other teachers, and
attend training scssions. Good leaders announce, and continue 10
announce, that science is aportant in clementary school and that
children need the opportuaity to learn it. With strong
organizational support, tcachers can and do tcack the kind of
science needed to increase the scientific literacy of future citizens.
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Thc rccommendations that follow arc intended to reconcile an
urgent, national nced with the reality of a cherished tradition of local
control over education.  They arc a mosaic of short-term and long-
term cfforts, of small special-purpose projects and large coordinating
projects, of basic rescarch and direct action. Each recommendation is
addressed to the governmental or educational level best cquipped to
carry it out. Morce specific reccommendations for science education
specialists, administrators, tcachers, and parents will be forthcoming in
a scrics of implementation guides based on the Center’s work.

Our rccommendations involve changes in:

* The organiczation and dircction of the Federal government’s efforts
in scicnce education

* Policics of states. school districts, and colleges and universitics
affecting teachers

* The what and the how of clementary school science education

* The way in which states, testing companices, and school districts
assess student learning in science

* The deployment of time and resources at the local level

Although the Federal government’s role in the strat:gy proposed
here is small, its purposcful involvement is still crucial. Rescarch
questions that cry out for answers are not likely to be addressed
unless the Federal government defines the task and provides the
funds, nor arc the scparate cfforts of states likely to be efficiently
coordinated unless tne Federal government asserts Ieadership.  The
Federal government is best positioned to convene all the relevant
groups and urge them to define policies at cach level that will work
in harmony.
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1. Relevant federal agencies should support rescarch designed to
identify the scicnee knowledge, skills, and attitudes students will
nced in the job market of the future.

Although most cxper.s predict that there will be an increasing
number of jobs in the future requiring more scicntific and technical
knowledge, not enough is known about the particular kinds of
knowledge that arc nceded today and that will be nceded in the
futurc. Before the cffectiveness of science cducation programs can
be assessed what children nced to know must be clear. Without the
development of a shared sct of expectations, curriculum will continue
to be fragmented and trivial, and assessment will continue to address
the lowest common denominator.

2. Relevant federal agencics, or a coalition of state education
agencics, should develop asscssment  exercises and techniques
designed to probe the range of understandings, competencics, and
attitudes that make up the goals of clementary scicnee education.

In an idcal world, the development of assessment tools would
await the results of rescarch programs on what science knowledge is
most nceded. But the need is too great to await those results.  Basic
reseerch and the development of assessment tools should be
supported concurrently so that they can inform cach otlier. The
Federal government should also establish a center or network of
scicnee assessment centers. There is a need for ways to document
student performance and thinking not now captured by written work
or test scores. The federally established centers would collect
promising examples of innovative assessment techniques, cvaluate their
quality and [casibility, and make them availabie to agencics designing
large-scale assessment and to intermediaries who help teachers devise
improved, teacher-controlied, assessment tools.

3. The Federal government, in concert with a coalition of science
cducators and administrators, hould support programs for
training scicnce cducation lIcadeis, as well as rescarch on the
impact of the current trend toward site-based management of
scicnee instruction.

Science leaders should be trained to olan comprek .nsive science
programs, cvaluate good science teaching, mount stalt developrient
programs that have lasting cffects, and skillfully lcad tcams that
include teachers, trainers, and administrators.  Also, with the new
cmphasis on allowing the school, rather than the district, to make
cducational decisions, a study should be launched now to determine
the impact of these new structures on how science is taught in
clementary schools.
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4. The National Scicnee Foundation and the U.S. Department of
Education should create a study pancl that will spend no more
than 18 months devcloping a plan to enhance cxisting
disscmination systems, and then implement a system to provide
cflective services to teachers and local school district
administrators to improve scicnee: curriculum, asscssment, and
siafl dev.lopment.

Disscmination and implementation arc more costly than rescarch
and development  Funds arc available through Title 11 of the
Education for Economic Sccurity Act preciscly for the implementation
of better scicnce programs. These funds should be focused on a
coherent dissemination and implementation strategy. Enough is
alrcady known about the techniques of effective dissemination and
implementation to climinate the need for further rescarch on how to
do it. Lacking is the commitment to, and funding for, the critical task
of disscminating and implementing the fruits of the rescarch
advocated carlier.

5. The National Science Foundation, in concert with a coalition of
scicnee education organizations, should mount a small study
projeet on the quality of problems and cexercises included in
scicnee textbooks and related teaching materials.

The results of the study would foim the basis for a conference of
commercial textbook publishers and state education chiefs designed to
Icad publishers to incorporate better-quality science problems,
excrcises, and test items in science textbooks and tcaching materials

6. States, in coll-Loration with school districts, should promotc and
develop comprchensive, coordipated structures at the district or
state level to suppert good science teaching,

These structures should have at least the following clements: (1)
common and clear goals and programs for elementary school scicnee;
(2) links to teacher certification, employment, and cvaluation; (3)
teams representing difterent levels and groups whose members play
critical roles in planning and implementing curriculum, instruction, and
staff development; (4) comprehensive staff development for teachers;
(5) leadership development for those responsible for the support of
good scicnee cducation; and (6) systems to provide teachers with
cquipment in good repair and the prompt delivery of adequate
supplics and materials for science teaching,

Because few such comprehensive structures eaist in school districts,
models should be cestablished that are known to promote good science
t« iching.  Fedceral and state agencics, or private foundations, shorld
fund the development and demenstration of such school district
structures for at least five years in order to give the models a fair
trial. To be useful to other school districts, casc studics should be
conducted to capture the model development and implemer .ation and
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provide cvidence of cffectiveness. Successful structures should then

be described ina way that promotes their dissemination and usc by
!

other districts.

7. Statc and rcgional agencies, in collaboration with districts,
schools, and universitics, should support experimentation with
varying forms of stail devclopment.

Emphasis should be on stafl development models that enhance or
replace training workshops as the typical mode of stalf development.

8. Statc agencies should support university and school district
cfforts to develop clementary schools that simultancously
demonstrats good scicnee teaching and scerve as professional
devclopment schools for both novice and expericneed tcachers to
improve their scicnee teaching skills.

Funding for these laboratory schools sao ' be provided for at
Icast five years, and cach project should be do cribed and cevaluated
so that others can benefit from the demonstration.

9. Statc and local ceducational agencices should endorse, and make it
possible for tcachers to implement, those instructional techniques
known to promotc science Icarning.

These techniques include recognizing the importance of children’s
prior knowledge and their need to reconstruct and refine their
knowledge of the world through active, hands-on study.  Instructiona;
techniques should capialize on children’s natural curiosity, but within
the organizing principles of a curricular framework, and permit
chi' 'ren to develop their growing understanding of concepts in science
and technology.  Rather than merely reading about science. children
need to learn by doing and by collaborating with other students and
the teacher to find solutions to questions that have personal meaning,
to them.

10. Statc and local agencies should adopt a curriculum for
clementary scicnee and technology informed by major organizing
coneepts.

We suggest the adoption of the concepts recommended by the
Center. Whatever organizing principles are chosen should meet the
following criteria:

¢ They should apply to both scicnce and technology.

» They should have application beyond science and technology.

* They should be teachable, in some appropriate form, to children of
all ages.

* They should be powerful, explanatory concepts,
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When there are clear indications from states and localitics about
the substance of the curricula and instructional techniques to
implement them, textbook publishers will pereeive a market large
cnough to justify the development of kits, readings, and laboratory
matcrials that ~upport the curricula.

11. Acadcmic departments in colleges and universitics must create
the necessary rewards and incentives for excellence in
undcrgraduate curriculum and tcaching so that prospective
clementary teachers are cquipped to teach scicnee with
undcrstanding.

Significant improvements in the nature and quality of lower
division scicnee courses are not likely to occur until the criteria for
tenure and promotion arc revised to recognize geod teaching or until
morc departmental funds are diverted from rescarch to the
development of excellent, hands-on science courses for prospective
tcachers.

12. Concurrently and reciprocally with state cfforts to develop model
structurcs, national policy bodics in cducation and scicnce
cducation should cstablish a broadly based group to identify
state and local laws, policics. and procedures that inhibit eood
scicnee teaching and rccommend changes that will facilitawe it.

Specifically, the group needs to stuuy state statuies, state
cducation agency mandates an . programs, district mandates and
programs, school procedures, the role of the principal, university
tenure criteria, teacher certification requirements, and policics and
procedures affecting the sclection of textbooks and other learning
matcrials.

This group rhould consider how to implement the Center’s
ieccommendations in onc or more small-scale pilot projects (for
example. in several districts of a single state}, focusing specitically on
needed changes in policies and procedures.  Implementstion strategics
should be thoroughly documented and disseminated to assist others in
making policy changes for better science education in the clementary
gradces.

The special-purpose rescarch projscts, demonstrations, and
collaborative fforts recommended above are essential to progress.
Nevertheless, these efforts must influence one another and ultimately
be harmonized into a whole. The magnitude of the task for
improving scicnce education calls for  unique disseminat’on systen,.
‘The goal of such a system would ultimately be to . wvide good
science instruction to all American children. To achieve this goal,
federal and state agencies need a mechanism for reaching national
arademic organizations institutions that cducate and train teachers,
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school districts, tecacher unions, and classroom teachers.

13. A consortium of agencics, institutions, and organizations
concerned with scicnce education should create a National
Assistance Center for Scicnce Education that will put in the
hands of agencics serving tcachers, science educators, and
policymakers the very best that is known about cffective scicnce
cducation.

The National Assictance Center for Science Education would:

*» Package information and matcrials, recommendations, and modcls
that flow from rescarc:: centers and special groups created to
address the need for octler science education. It could build on
the National Scicnze Resources Center and draw {rom such
national efforts as Project 2061, the exemplary programs identificd
by the National Scicnce Teachers Association and the Naiional
Diffusion Network, the NSF-{unded elementary curriculum
development projects, and the work of the assessment center(s)
proposed in this report,

* rmulate the most effective strategies for training cxpert tcachers
ana iccal sciencee leaders for the science-related training of other
school or district siaft, for awarcness sessions for parents and
school board members, for manuals for tcachers and principals, and
for policy bricfs for supesintendents and local and state legislators.

* Develop and endorse delivery syster: by identifying cxisting
organizations, agencics, and nctworks, interacting with them, ard
fostering cooperation among them.

» Coordinate ongoing services to school districts and teachers, and
establish quality controls that monitor the soundness of the scrvices
and the equitable distnibution of informatior materials, and
SCrvices.

* Provide information to policymakers, rescarchers, developers, and
service agencics about how teachers and administrators experience
new programs and scrvices and about what they belicve they need
to reach ihe goals.

No feature of the Natioaal Assistance Center for Scicnee
Education should displace or duplicate the work alrcady being done
by others. Instcad, the Assistance Center would enhance the work of
others and build on their efforts.  Every function of the recommended
dr semination and implementation . st .m should serve multiple
constituencics through multiple channcls. A more detailed discussion
of the system including the proposed functioning of the Assistance
Center is availabic from the National Center for Improving Scicrice
Education.
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ANNOTATED BIBLIOGRAPHY

General Reference

Baron, J.B. and Sternberg R.J. (1987). Teaching Thinking Skills: Theory und Practice. New York:
W.H. Freeman & Company.

Guidance for teachers and education:al administrators, based on an cxamination of the rescarch
basc regardiag the development cf reasoning, nroblem-solving, and other thinking skills.

Committec on Rescarch in Mathematics, Science, and Technology Education (1985). "Mathematics,
Science, and Technology Education: A Research Agenda." Washington, D.C.: National Acadery
Press.

Examines current rescarch, summarizes findings, and makes recommendations for addressing
critical knowledge gaps. Topics covered include rescarch on reasoning, on instruction, on
settings, and on new learning systems.

Driver, R., Guesne, E.. and Tiberghien. A. (1985). Childrcn’s Ideas in Science Great Britain:
Open University Press.

Studies of chiren’s conceptions of natural phenomena. based on thair observations and
interpretations of the world around them. Illustrated with children's drawings. discussions, and
wr.ting.

National Science Board Commission on Precollcge Education in Mathematics, Science and
Technology (1983).  Educating Americans for the 215t Century. Washington, D.C.: National Scicnce
Foundation.

Recommendations for improving rathematics. science, and tecinology education.
Natioral Sci~nce Resources Certer (*988). S.ience jor Child . Washington, D.C.; Nudonal
Academy Press.

An annotated listing for teachers of curriculum materials, other rescarces, and sources of

information and assistance available in scicnce coucation for the clementary grades.
Resnick, Lauren B. (1983). "Mathematics and Science Learning: A New Conceeption.” Scic e
220(4):477 478.

Summarizes recent advances in cognitive rescarch.
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Resnick, Laurcn B. (1987). Education and Learning to Think. Washington, D.C.:  National
Academy Press.

A monograph written by one of the leading rescarchers in the ficld. She defines higher-order
thinking skills, duscribes pertinent research, and discusses current efforts to teach thinking skills

Weiss, Iris S. (1987). Report of the 1985-86 Nativnul Sun«, of Science and Muathematics Education.
Prepared for The National Scicnce Foundation. No. SPE-8317070. Avauable from the U.S.
Govarnment Printing Office.  Washington, D.C.:  National Scicnce Foundatio..

A survey of over 6.000 scicnce and mathematics teachers on instructional practices, teacher
background, and tcaching conditions in scicnee and mathematics.  Information s provided at all
three cducational levels: K-6. 7-9, and 10-12.

Curriculum and Instruction

Bybee, R. (1986). "The Sisyphean Question in Science Education:  What Should the Scientitically
and Techrologically Lit crate Person Know, Value, and Do -- As a Citizen?"  Science-Technology-
Society, 1935 NSTA Ycarbook. Washington, D.C.: National Scicnce Teachers Association.

This investigation of the rationale and goal fou curriculum development in S.T.S. contains a
conceptual {iamework for scientitic and technological Lucracy.

Hodgkinson, H. (1985). Ail One System: Demographics of Education, Kindergarten through Graduate
School. Washington, D.C.: Institute for Educational Leadership.

In this report the author describes the changes 1n population groups in the U.S. and the
cducational consequences of these demographic changes.

Chaempagne, A. and ilornig. L. (1987). "Practical Application of Theorics About ILearning.”
Studerts and Scionce Learnig., Washington, D.C.: American Association {o- the Advancement of
Scicnce.

Three questicns were asked « £ cognitive and soci! learnig theories: How s learning defined.
Whet view is held about the nature of the learner?  Under what conditi-»s 1 lcarning assumced
to ake place? Applying theories thai are congruent with community and socict=! expectations
regarding the process and defimtion of learning was recommended.

Hurd, P. (January 1986). "Perspective for the R form ¢ Science Education.”  Phi Delta Kappan.

The aathor addresses Fey issues in the reform p ovement. the history of the reform movement,
srearess of curriculum reform. and recommendations for the next steps in reformulating science
cducation.
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Linn, M. (1986). Estublishing a Research Base for Science Education: Challenges, Trends, and
Recommendations. Berkeley, CA: Lawrence Hall of Scicnee and the Graduate School of
Education.

Rescarch themcs include a growing conscnsus about the nature of the learner, a new view of
the curriculum, a new view of teaching, and eaploiting the new technologics.  Recommendations
and steps for the implementation of these recommendations are proposed.

Assessment

Departmeat of Education and Sci.~ce and the Welsh Office (1987). Naiional
Curricutim:  Task Grouy on Assexsment and Testing: A Report. Great Britain:  Department of
Education and Scicnee and the Welkh Office.

A dctailed plan £ cducational assessment in Great Britain which combines teachers’
assessmenus with formal, externally desigaed assessment exercises and tasks.  The assessments are
designed to sene botk instructional and monitoring purposes. -

Internatis 'al Associction for the Evaluation of Educational Achicvement (1988). Science
Achievement in Seventeen Countnes. A Preliminary Renort. Elmisford, NY: Pergamoa Press. .

The results of scicnce tests administered to 10-year olds, 14-year olds, and students in the final
year of secondary school. Ten-year old U.S. students placed 8th: 14-year olds and 12th graders
placcd among the lowest-scoring countrics.

Mullis, Ina V.S, and .cak Lyon B. (1988). The Science Report Card.  Elements of Risk and
Recovery. Nationa' Asscssment for Educational Progress. Report No. 17-S-04. Princeton, NJ: w

Educational Testing Service. B
Report of the most recent assessment of science leartanz of US. students conducted in 1986.
Comparisons arc mede among different popalation groups ond vitu performance in previous
wsCsSmens. -
Murnane, Richard J.. and Raizen, Scnta A Ed. (1988). Improving Indicators of the Quality of
Science and Matiematics Educatior in Grades K-12. Commiutee on Indicators of Precollege Science
and Mathematics Education, Natioral Rescarch Council. Washington, D.C.: National Academy
Press.
L]

Discussions of how to scicet cducational indicators and assess the following components of
cducational uality: student learning. student behasior, teaching quality. curricelum quality, and
{inancial and lcadership support.
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NAEP (National Asscssment of Educational 1 ogress) (1987). Learning by Doing. Report No.:17-
HOS-80. Princcton, NJ:  Educational Testing Service.

Manual discussing and illustrating cleven hands-on tasks for assessing a varicty of laboratory an‘d
thinking skills in scicnce.  Equipment needed, question sheets, and appropriate student responses
arc given for cach task.

Oakes, Jeannic (1986). Educational Indicators: A Guide for Policymakers. OPE-01. Santa Monic. ,
CA: Rand Corr:oration.

An cexplication, written in non-technical ' nguage, of the uses of and problems with educational
‘ndicators.

Raizen, Senta A. (1987 "Assessing the Quality of the Suence Curriculum.” In Audrey B.
Cha pagne and Leslic E. Hornig (eds.), The Science Cumeulum. Washington, D.C.: American
Association fc: the Advancement of Scicence.

Factors to consider in evaluating the several components of a science curniculum.

Raizen, “enta A, and Jones, Lyle V., eds. (1985). Indice®  of Precollege Ed... ution in Science and
Maihermatics. A Preliminary Review.  Commitice on Indie s of Precollege Science and
Mathematics Edacation, National Rescarch Council. Washington, D.C.: National Academy Press.

Reviews and critiques the data available on guality and quantity of teachers. quality of
curriculum ¢ ..tent. instructional time and .ourse enrollment, and student attitudes and
achicvement in science and matk  atics.

Teacher Development and Support

Carncegic Forum on Education and the Economy (1986). A Noidon Prepared.  Teachers for the "lst
Cenuery. New York: Carncgie Cerporatioa.

Peporting on the current state of teachers and teaching in Amcrica’s schools, this report maxes
a sct of recomruendations aimed at upgrading the teaching prolession. Among them is the
establishment of a national standards board .at certifies teachers al different levels,
accommodating the need for different roles for teachers. particularly in making decisions about
the operations of classrooms and schools.
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Crandall, D.P. and Associa‘cs (1982). People, Policies, and Practices. Examining; the Chain of
School Improvement, Vols. I-X. Andover, MA: The NETWORK, Inc.

A set of ten reports of the Study of Dissemination Efforts Supporting School Improvement,
which cxamin~d federal, state, and local cfforts to improve schoc's using a varicty of strategics.
Surveys and case studies focused on classroom and schocl im- nien..tion, external assistance,
and government support to determine factors that ir.sence wne suceess of change =fforts.

Fullan, M 11982). The Meaning of Educational Change. New York: Columbia University,
Teachers College Press and Toronto: OISE Press.

This book is a s 1csis of he rescarch and literature on educational change, with special
emphasis on he  _u 5 co.aponent of the cducation system responds to change and can influcnce
its success.

Holmes Group (1986). Tomorrow s Teachers: A Report of the Holmes Group. Lansing, MI:
Author.

A report of 2 ¢ nsortium of major rescarch universitics in the country, this report profiles the
current state of teacher education and calls for a restructuring cffort that inclu 'es new roles for
teachers, p.ofeasional development schoows, longer preparation programs, and collaboration
hetween universitics and schools.

s0yce, B.and Showers, B. (1988). Studeni Achiesement Through Staff Deyelopment. New York:
Longman.

This book describes an approach to changing teachers™ classroom behavior that results in
increased student learning. Training that takes place over Laie and is reinforeed by coach.ng is
further enhanced by sc. 100l and dlsmu cxpectadons and support.

Loucks-Horsley, S., Harding, C.. Arbuckle, M.. Dubca. C. Murrav, L., and Williams, M. (1987).
Continuing to Learn: .1 Guidebook jor Teacher Developn.nt.  Andover, MA: The R :gional
Laboratery for Educational Improvement of the Northeast and Islands.

This guide synthesizes the rescarch and Fierature on stafl development, outlines how to build
cffective school and disirict systems to support profussional growth, and profiles 12 different
approac”es 1 stuff development that go beyond the traditiona! inservice workshop.
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The National Center for Improving Science Education,
funded by the U.S. Department of Education’s Office of
Educational Research and Improvement, is a partnership
of The NETWORK, Inc. and the Biological Sciences
Curriculum Study (BSCS). ts mission is to promote
changes in state and local policies and practices in science
curriculum, science teaching, and the assessment of
student learning in science. To do so, the Center synthesizes
and translates recent and forthcoming studies and reports
in orcer to develop practical rescurces for volicymakers
and practitioners. Bridging the gap between research,
practice, and policy, the Center's work promotes
cooperation and collaboration among organizations, * sti-
tutions, and individuals committed to the improvement
of science education.
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