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FOREWORD

This report is one of a series produced by the National Center for Improving Science

Education. The Center's mission is to promote changes in state and local poli:ies and

practices in the science curriculum, science teaching, and the assessment of student

learning in science. To do so, the Center synthesizes and translates the findings,

recommendations, and perspectives embodied in recent and forthcoming studies and

reports in order to develop practical resources for policymakers and practitioners.

Bridging the gap between research, practice, and policy, the Center's work is intended to

promote cooperation and collaboration among organizations, institutions, and individuals

committed to the improvement of science education.

The synthesis and recommendations in this report were conducted with the help of the

study panel whose members are listed in the front of this report. We gratefully

acknowledge the help given to us by many individuals who have supplied materials, and

made recommendations and suggestions for the text of the report. We wish to thank

Milbrey McLaughlin of Stanford University, who acted as an outside reviewer of .he

report, for her critical comments. Thanks are also due to the support of the Center's

monitors at the T J.S. Department of Education, John Taylor and Wanda Chambers.

11vo other panels have produced companion reports on assessment and on curriculum

and instruction. A summary report integrating all three of these documents will be

prepared and will be available from the Center. This integrative report will be

supplemented by implementation guides for Jtate and district policymakers and

practitioners, and by guidelines especially tailored for additional audiences including

teachers, principals, school boards, parents, and teacher educators.

The Center, a partnership between The NETWORK, Inc., of Andover, Massachusetts

and the Biological Sciences Curriculum Study (BSCS) of Colorado Springs, is funded by

the U.S. Department of Education's Office of Educational Research and Improvement.

Members of Advisory Board are listed in the front of this report. For iurttier

information on the Center's products and work, please contact Senta Raizen, Director,

National Center for Improving Science Education, 1920 L Street, Suite 202, Washington,



DC 20036, or Susan Loucks-Horsley, Associate Director, National Center for Improving

Science Education, The NETWORK, Inc., 290 South Main Street, Andover, MA

01810.
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CHAPTER I. INTRODUCTION

A Science Classroom

"How do seeds live? Can seeds grow way, way deep in the ocean and make
seaweed?" "How do seeds get inside of watermelons?" "Hey! How do they make
watermelons without seeds in them?" "How do seeds grow plants?" These were some
of the many questions asked by Ms. Lopez's second graders. Today, they are thinking
about seeds, the topic they are about to study, and Ms. Lopez is keeping track of these
questions on a chart titled: "Questions We Have about Seeds." Another chart titled:
"What We Know About Seeds" is filled with such statements as: "Seeds grow in
gardens," "You can eat sunflower seeds," and "Carrots don't have seeds." These
charts are referred to time and again as the teacher encourages questions to develop
concepts and change opinions. Ms. Lopez uses the children's questions and comments
to decide that the children are ready for a "seed walk."

The next morning, the students go to a nearby field to collect seeds. Each child,
besides carrying a collection bag, wears an adult sock over one shoe and pulled up
to the knee, providing a fuzzy surface to which seeds can cling. When the children
return from the walk, they each select one seed to study carefully with a hand lens.
After each child makes observations about what the seed looks, feels, and smells
like, and guesses how it might have traveled, the child makes a presentation to the
group in the meeting circle. The teacher keeps track of the kinds of seeds
discussed by taping the specimens onto a chart. After the children tally the
number of the different kinds of seeds the group has collected, they develop picture
graphs of the results.

That evening, after the "seed walk," Ms. Lopez reflects on the differences in the
children's understandings of the structure and function of seeds. She notes which
children easily made observations and which ones had more difficulty, which
children made more obvious or more unexpected responses, and which children
seemed comfortable using the lens for examining their seeds and which ones
seemed more awkward. As she thinks of the multiple activities for the next day,
Ms. Lopez uses her notes to place children in gr, <ps so that their discussions will
prompt and challenge one another's inquiry.

The next day, some groups count the seeds on their socks and then plant them in
large plastic baggies, watering and setting them in the window area. In the days
that follow, they will be encouraged to observe the gemination process carefully
and compare the total number of seeds witti the number that sprouted by making
"ratio" sentences. Ms. Lopez invites other children to compare sizes of seeds by
outlining the seeds on graph paper and then counting the number of graph ,cquares
each seed covers. The students discover there is a great diversity of sizes and

1
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shapes in different kinds of seals, and lint the same kind of seed has variations in
size and shape.

Still other groups choose to continue working in the "seed journals" that she
requires all to keep. They are either to paste in or draw the specimen and then
"write" about three seeds of their choice, including the same sorts of observations
they shared earlier in meeting circles. Since students of this age have a range of
"sentence" writing capabilities, the teacher meets with each child to discuss that
individual's observations and writing. She uses the journals and evidence from the
meetings to monitor the level of understanding the children have of such concepts
as diversity and cycles.

Ms. Lopez's class spends most of the week working on this science topic,
incorporating writing and math, as well as inquiry-based science activities. Other
activities she will do with the children include: a fiction slog about how a native
American girl uses seeds and plants, a garcka song, and drawing the seedlings as
they sprout. Her ,'Irematic Getive learning approach is similar to that she observed
and practiced during a year of induction, when she was coached by a mentor as
she tried her first interdisciplinary unit.

In successive lessons, Ms. Lopez will call groups together and, based on their
explorations, ask several question-. As she records the responses, Ms. Lopez will
ask the children to clarify their answers. Eventualb, she will introduce some new
vocabulary information that helps the students to reflect on their developing
concepts. Sonic of the children may not he sure about the new information; they
will need more time to talk about it and do some additional testing of their ideas
to help make the new information part of their personal understanding of seeds.
Last year when she did this unit, for example, several youngsters Maimed that the
lima bean embryos they discovered earlier would grow into lima bean plants even
without the "seed halves" attached. They were convinced that the embryos could
"eat" the soil and water and grow into an "adult" lima bean plant. Through
careful questioning, Ms. Lopez was able to guide these children to design a test of
their beliefs. She found that these children changed their point of view after tiie
conducted the investigation, and that they now had some additional question., to
pursue.

Af:er several weeks of studying seeds, Mc. Lopez recognizes that the children have
learned a great deal about such science concepts as diversity, life cycles, and
structure and function. They leave become adept "observers" and ask questions of
each other and of Ms. Lopez concerning these developing concepts. Ms. Lopez
knows they will soon he ready to apply these new levels of knowledge and skills to
other science areas. The children wilt, as a group, construct a booklet on how to
plant seeds and care for the seedlings. Ms. Lopez will keep notes on the progress
of individual children and the class as a whole. This mill then help her plan and
design more effective science instruction to use in future classes. It will also
provide the source material that will enable her to make more formal assessments
in report cards, in conferences with parents, and for the class as a whole to
Mr. Sandowski, the 3rd grade teacher.

2
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Science is a way of knowing about, understanding, interacting with, and appreciating the

natural world, and Ms. Lopcz's second graders are being given ample opportunities to

do so. Yet such s^,enes are not characteristic of elementary school science lessons.

Whcrc Ms. Lopez begins by probing, qu stioning, and in other ways assessing the

understandings her children bring to school, other teachers assume children come to

school with few understandings that will help them learn science. Whcrc Ms. Lopez

uses children's questions, cxpericnccs and initial understandings to adapt and carefully

structure hands-on inquiry activities, other teachers move lock -step through a series of

curriculum activities. Whcrc Ms. Lopez encourages a variety of ways for children to talk

and write about their inquiries, guiding them towards the development of important

concepts, other teachers, even if they use hands-on activities, allow insufficient time

either before or afterwards for children to make meaning of their experiences. Whcrc

Ms. Lopez sees scicncc as a coherent set of concepts and processes for children to know,

that use language and matnematics skills as tools for exploring and ccrnmur.icating,

other teachers relegate scicncc lessons to a specific time segment in the day, rarely

integrating it with other teaching content. And finally, where M Lopez monitors each

child's progress .)r continual regrouping, differentiated assignments, a.id a recore upon

which to base more formal assessments, other teachers lead all children through the

same cxpericnccs and rely heavily on written tests and the demonstration of effort for

their formal assessments.

In fact, there is cicar evidence that such science teaching does not occur in elementary

classrooms, with significant consequences for both students and our country as a whole.

Science teaching consists largely of lecture, with some discussion (Good lad, 1984).

Factual information, disconnected from experience and conccpt development, is stressed

in teaching, in testing, and in the most commonly used curriculum materials -- textbooks

(Bybee ct al., 1989). As a consequence, scicncc learning in our country ;s far below that

in othcr countries (Lapointe, Mead & Phillips, 1989), students do not choose to take

scicncc courses when they have the option (Mullis & Jenkins, 1988), and the level of

scientific literacy is far less than needed to make informed decisions about such issues as

personal health, the environment, and energy use.

3
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But there is reason to be optimistic. While some say that good teachers are born, not

made, we believe that the understandings and abilities that teachers such as Ms. Lopez

have about science and about science teaching are ones that all elementary school

teachers can develop.

Since teachers play a primary role in creating opportunities and possibilities for learning

it is critically important for a report on science education to consider how to maximize

the capabilities of teachers to create learning experiences for their children. What do

teachers need to know and be able to do to teach science well? How can they be

assisted to learn and continuously renew their learning? What organizational policies

and structures can support their teaching?

Overview of This Report

In this report we address each of these questions. We continue in this introduction to

set the stage for our discussions of science teachers and teaching. We examine what is

known -- and thus what science teachers need to know about children's learning, and

about the science content and instructional strategies that best promote that learning.

We ask, "Do elementary school teachers know this and can they and do they apply this

knowledge?" And we complicate the answer to this question by considering the

changing world in which science teaching must occur through a look at demographic

projections, especially in urban schools, where these trends are already apparent.

At the risk of destroying the suspense, we can say with some degree of certainty that

elementary teachers generally do not know enough to teach science well. Their

knowledge about learning and science is limited, if observations of their teaching ar_ any

indication. Consequently, the chapters in this report discuss the implications for the

prepa.-ation of teachers, provision for their ongoing learning and support, and the

organizational policies and practices -- at levels from classroom to federal government

that are needed to promote good science teaching.

4
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For each area of interest, our report considers what currently exists, how it ought to be,

and what steps might be taken to get there. Our discussion is based on data from

research and sound practice, and from proposals from many quarters calling for future

change. Since some visions for the future are discounted as idealistic and impractical,

we have tried to base ours on what is possible, citing instances where such practices are

already being used. We have also tried to create recommendations that can be

implemented either all at once or in stages. Thus those who have the readiness and the

resources to undertake major changes have some guidance to do so; those who need to

move a step etas time, for whatever reason, can also do so.

What Is Good Science Teaching?

If the task is to achieve good science learning for our country's elementary school

children, then let's shift back to Ms. Lopez's classroom, where we think good science

teaching is occurring. This scenario illustrates optimal curriculum and instructional

strategies for elementary school, discussed in depth by our Center's report on curriculum

and instruction (Bybee et al., 1989). The report recommends that the elementary school

science curriculum incorporate nine major concepts -- powerful explznatory constructs

that are applicable to science and technology and that accommodate different

developmental levels. These concepts, with some teaching examples, are:

1. Organization (or orderliness) -- understanding of organizations such as hierarchies,

simple-to-complex arrays, and symmetry. Some teaching examples at the primary

level are sorting objects or idemifying groups of similar animals or plants; at the

intermediate level, recognizing interaction within and :linong the atmosphere,

hydrosphere, lithosphere, and ecosphere.

2. Causality -- the search for explanations and links between causes and effects.

Some teaching examples are growing plants and determining what factors optimize

growth, and exploring health risks.

3. Systems -- understanding how matter, energy, and information move about from

reservoir to reservoir through carefully delimited pathways. Some teaching

5
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examples are exploring different body systems and describing whole systems such

as toys and machines.

4. Scale understanding the quantitative variations of matter and energy, both in a

relative and absolute sense. Some teaching examples are drawing simple objects in

perspective, recognizing the differences in children and adults, and mapping a

small area.

5. Models understanding the essential character of phenomena of interest through

physical, verbal, or mathematical representations. Some teaching examples are

constructing a graph and differentiating between a model and reality.

6. Change understanding the nature of change as explanations of phenomena in the

natural and artificial world. Some teaching examples are identifying different

seasons, describing different life cycles, and naming the stages of development

7. Structure and Function understanding the relationship between the way

organisms and objects look (feel, smell, sound, taste) and the things they do.

Some teaching examples are describing the structure of an animal or plant,

designing a common object, and recognizing the relationship of structure and

function in humans, buildings, and environments.

8. Discontinuous and Continuous Properties (Variations) -- understanding the

distinctive properties of organisms and objects, and the variations among them.

Some teaching examples are describing different tones of colors and analyzing a

graph of heights within the class.

9. Diversity understanding the different types of objects and organisms and the

importance of maintaining ecological diversity. Some teaching examples are

developing a simple classification system and investigating a simple ecosystem to

identify the diversity of organisms.

6
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In the scenario above, Ms. Lopez chose her seeds unit to incorporate many of these

organizing concepts of science. She used instructional strategies that form a four-stage

learning sequence. They first 1) invit.. the students' participation. Students then have

opportunities to 2) explore, discover, create and 3) propose explanations and solutions.

Thej can then 4) take tc apply their new (earnings. This sequence is grounded in

research on how children learn science. This research comes from sever.ii fields of

psychology, among them cogn:t ve, social, developmental, and behavicral, and has

recently been brought together and applied to school settings (Champagne, 1987;

Resnick, 1983).

Cognitive psychology has contributed to major ideas in science learning. First, in studies

of the ways experts solve problems, researchers have discovered that the knowledge and

mental processes that they call upon arc quite complex. Their knowledge bases, built

over time, allow them to see patterns and relationships so they can generate efficient

solutions. Furthermore, the research po:nts out that experts are not explicitly aware of

the knowledge or thinking strategies that they use. These two points imply that

(1) learners need a large amount of experience and information to understand new

concepts and apply them in new situations, thus phenomena must be pursued in depth if

learning is to occur; and (2) lectures are often not the most effective ways of teaching,

since much of the knowledge experts have is tacit, they know too much to tell, and most

are not aware of all that needs to be told (Champagne, 1987).

Anotner line of research indicates that learning for novices and experts alike depends in

large part on what the individual already knows. As the knowledge base becomes

stronger, the amount that can be learned per unit of time increases (Ausabel, 1968).

Yet another line of cognitive research constructivist theory demonstrates that

children often come to school with a set of deeply held conceptions about how the

natural world works (Helm & Novak, 1983). Sometimes these views form a strong

foundation upon which new and elaborated concepts can be built. At other times the

child's conception is an alternative to scientific principles. Learning can only u when

the child becomes aware of the inconsistencies or unsatisfactory nature of his or her

prior conceptions of the world and is helped to either aban:.!on or reconstruct these

7 16
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conceptions. Clearly then, teaching is not as ,:asy as delivering new information.

Rather, it takes patient elucidation over time, sometimes long period of time, with

opportunities for students to surfac_ their self-constructed theories and test them against

evidence. When that evidence illustrates that the world differs from their beliefs, they

need time and many more experiences which encourage them to make connections and

to construct new meanings. The kind of classroom in which this can be done resembles

that of Ms. Lopez: it is flexible, encourages inquiry, exploration, testing of ideas, and

risk taking (Harlan, 1985).

Social interaction is a critical part of this learning environment, although it is not at all

clear how it contributes to learning. While Pinet's perspective attributes concept

development to interactions with the physical world, some social psychologists see social

interactions as a more powerful influence on cognitive growth. As Day, French and Hall

(1985:51) point out, "Cogniti' e abilities are CO socially transmitted, (2) socially

constrained, (3) socially nurtured, and (4) socially encouraged." Extensive classroom

research by the Johnsons (1987) and Slavin (1988) does not take an either/or stance,

but rather points out the key role social processing of information plays in learning. For

them, the optimal classroom environment is one where active participation by students is

ensured through well structured and continuous interaction with each other and with

their teacher.

Another fiLld of psychology that contributes to our understanding of science learning

and teaching is often forgotten in light of the new research. Behavioral psychology

suggests that skill development such as the development of higher order thinking skills

like learning-to-learn, problem solving, and scientific inquiry best occurs in an

environment where students can exhibit the desired skills and where performance of the

skills is refined by feedback from the teacher and peers. Student behaviors that

approximate desirable behavior are rewarded. This common principle from behavioral

learning theory has an important contribution to make to science concept and skill

learning (Champagne, 1987).

The four-stage teaching model, exemplified in Ms. Lopez's classroom and discussed at

length in our Center's Curriculum and Instruction report ( (3ybee et al., 1989), is derived

8
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from these sources of psychology research. Teachers first invite students to learn,

creating opportunities for them to experience new phenomena, connecting them to what

they already know, and encouraging them to confront and articulate their own

conceptions of how those phenomena work. Students then explore, discover and create,

experimenting with the phenomena in greater depth; they then create explanations

often using language and mathematics -- f3r what they observe. These explanations arc

enhanced through introduction of science content, including factual knowledge and ways

to do and think about things, and the incorporation of this knowledge into students' own

conceptions of the phenomena. Finally, the students take action: using their new

understandings and applying them to the world around them.

Like Ms. Lopez, good elementary science teachers create environments that nurture this

kind of learning with content which incorporates the organizing principles described

earlier. But before turning to more in-depth discussion of how this kind of teaching can

become the norm rather than the exception, let us consider briefly the changing context

within which Ms. Lopez and her peers will have to work. What arc changes in the

world that our discussion of good science teachers will need to incorporate?

Changing Settings for Science Teaching

Any report that makes recommendations for the future must incorporate information on

future trends. Two important trends deserve mention in a report on education and, in

particular, science education. One is the promise of technology for providing educators

with tools that can transform the nature of teaching by creating environments that

readily promote higher level thinking in children and simulate scientific phenomena that

previously could only be described in the abstract. It is :mpossible -- and, more

important, irresponsible -- to ignore this potential in efforts to improve science teaching.

The second trend is in demographic projections that portend a dramatic change in the

student population our public schools serve.

9 13



The Promise and Challenge of Technology

There are many who would argue that current research in cognitive science, coupled

with advances in computer technology (both hardware and software), are likely to extend

the content we are able to teach in elementary science. Moreover, technology is likely

to make it possible to teach many concepts to children at earlier ages than now thought

possible. An example describes the marriage of cognitive science and computer

technology for teaching.

This example is drawn from a project, aimed at teaching sixth grade children how to
read graphs (Mokros & Tinker, 1987). That this is a difficult subject has been amply
documented by cognitive scientists, who have succeeded in demonstrating that most
high school students are incapable of reading and interpreting any but the most
straightforward information presented in graphical form.

The graphs in question were of position and velocity' (and even, at times, acceleration)
versus time and were created by moving an object (typically the students themselves)
with respect to a distance measuring device (the autofocus from a Polaroid camera)
that was connected to a computer. Special-purpose software was then used to
construct a graph of the motion on the computer screen in real tune. Thus, for
example, if the student remained motionless a graph of his or her position versus time
would simply be a straight line parallel to the X axis and located at a Y position
corresponding to his or her distance from the computer. A graph of the student's
velocity with respect to time would, of course, be a horizontal line along the X axis
(i.e., at Y = 0). If the student were to walk toward the computer at a constant rate of
speed, the graph of his or her position vs. time would be a straight line sloping
downward, whereas the velocity' graph would still be a horizontal line, but this time
located below the X axis. More complicated graphs can easily be drawn by having the
student change his or her state of motion during the time (approximately 20 seconds)
that the graph is being drawn.

This .system has been used successfully with sixth gigde children in a curriculum
segment lasting no more than a week. A typical activity consists of haling the
students pair up, one student acting as the dancer and the other as the choreographer.
Each team of students is given a drawing of a grapl, that they are to produce. Thq
first confer to try to determine what sequence of ma ions will be required to produce
the desired outcomes. The dancer than stands in front of the computer and moves
back and forth according to directions from the choreographer. Both students are able
to see the coordinates of the graph as they change on the computer screen. it does
not match what they arz trying for, they may simply erase the graph and try again.
When they are satisfied vith their production they may obtain a hard copy of it.

At tile end of a week of such activities, with appropriate teacher intervention, the
students were successful on a test requiring deep understanding of both position and
velocity graphs. For example, one of the questions on the test was:

10
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Which of the following velocity/time graphs depicts a situation in which the
student changed direction?

time

time

time

time

This example has significant implications for teacher behavior and therefore preparation

and professional development. The activities are open-ended and are directed at

affecting the way students think about science content (White & Horwitz, 1988).
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Raizen (1988) has argued that, in addition to creating these kinds of new learning

opportunities for students, computers and associated technology can:

Remove computational barriers by recording data and performing arithmetic and
algets-aic operations on them. Computers can also retrieve information from large
data bases, allowing real data to be used in science problems rather than having to
be artificially constructed. This eliminates the need to both gather experimental
data and do time-consuming mathematics operations (Linn, et al., 1987).

Help teachers to individualize instruction by taking into account what an individual
student already knows and the most suitable pace and learning method for him or
her (Gallagher, 1983). Computers can give immediate feedback to both student
and teacher and monitor student progress.

Motivate students, especially those at-risk, to learn. Computers allow students to
repeat sequences again and again or change the approach, or skip material they
already know. When a student can control the pace of instruction without
receiving negative feedback that is often emotionally charged, learning is
stimulated more effectively (Kulik et al., 1983)

Enhance the professionalism of teachers. When computers take over time-
consuming record-keeping and individualized instruction tasks, teachers are free to
engage students in hands-on exploration, confer with them one-on-one or in small
groups, and conduct other more situation-specific activities that call on their own
creativity and special talents.

Computers and other technologies open up a wide range of choices of how learning can

occur and can enhance collaboration among individuals of different competencies (Cole

& Griffin, 1987). The community can be linked with the school through out-of-school

learning sites; experts from institution', of higher education or industry can be connected

to the classroom or directly to the 1,:arner; and schools and individual learners can be

connected to each other. Teacher., can benefit from new access to each other's best

ideas as well as those of scientists and science educators.

While the prospects of technology use for the future are promising, the challenge of

using the advances in ways that enhance learning are many. For example, although

activities such as the example given earlier would be tempting to incorporate into

science instruction, it is very important that they not make a curriculum piecemeal
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rather than coherent and comprehensive. To make good decisions, teachers need to

understand clearly what science knowledge and processes different applications of

technology can promote. Technological tools need to be incorporated into their own

knowledge base, becoming a formal part of their preparation and career-long

development sequence. Technology may case some of the tasks of teaching, as noted

above in its individualizing and record-keeping applications. But its use will further

complicate the careful decision making that makes science instruction a challenge by

creating more options -- and ones highly motivating and therefore also potentially

distracting to both students and teachers that need to be incorporated into a

systematic, comprehensive approach to science teaching and learning.

Demographic Projections and Urban Schools

The second trend that must be considered in a report that make, recommendations for

the future is demographic. Simply stated, the population of our schools is changing

rapidly and will continue to. As a consequence, schools of the future will have:

more children entering from poverty and single-parent households

more children from minority and linguistically different backgrounds

more children with physical or emotional handicaps

more children who were premature babies, often of teenage mothers, leading to
more learning difficulties in school

more children with working mothers (McCune, 1986).

While these trends indicate that the populations of many schools will change significantly

in the next ten years, today's urban schools already serve these populations. And few

would argue that while our urban schools are not meeting their students' educational

needs in general, their ability to help students learn science seems especially limited

(Mullis & Jenkins, 1988). The very small number of minorities that work in scientific

fields further suggests that we are failing to meet the educational mcd:, of minority

populations with resoect to science.
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For this report to be useful for the future, its recommendations must be applicable to

our current at-risk populations.

Atkin arid Raizen (1988:1) view the central challenge of meeting the educational needs

of at-risk students as "figuring out what it takes to draw them seriously into schoolwork."

While other students often have successful role models, parents and jobs that motivate

them to do what is required, education is not a priority for most at-risk students. "Like

everyone else," note Atkin and Raizen (1988:1), "at-risk students have low tolerance for

activities that are intrinsically uninteresting and for which they see no purpose."

Research and experience suggest that many of the specific strategies ider 'led in this

report and in our Center's Curriculum and Instruction rcr ort as good science teaching

arc precisely those that enhance learning for at-risk students (Bybee et al., 1989;

Mortimore et al., 1988). The content and instructional strategies appropri- for such

settings are those described earlier, with even more attention to:

content which is either culture-free, or draws on the urban environment and
relates to the daily lives of students outside of school

content which provides a view of the field of science as more than a white, male
domain through role models, biographies, and historical perspectives

content which uses resources outside the school, such as museums, zoos, gardens,
hospitals to enrich and expand ..iudents' experiences, particularly since they are
less likely to encounter such informal learning opportunities outside of school than
are middle class students (Beane, 1985)

approaches that use science content as a vehiLle for teaching language and applied
mathematics skills, and encourage a wide range of higher order thinking

cooperative learning strategies, which have significant impact on the achievement,
motivation, and social skills of minority and poor students (Slavin, 1988)

experiential and inquiry-based instruction, which has impact on cognitive growth,
student academic self concepts, their sense of fate control, and the internalizing of
locus of control (Beane, 1985; Bredderman, 1982)

sensitivity to cultural differences between the teacher and students which result in
different ways of viewing the n itural world and of approaching learning both of
which must influence the environment in which science learning occurs.
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Inner city children, like those in tomorrow's schools, have fewer opportunities to learn

science -- through trips to exhibits and museums, reading, and interactions with

scientifically literate adults -- than do thc morc advantagcd children. Thus thc

consequences of not learning scicncc in school are morc serious. The kind of science

teaching occurring in Ms. Lopez's classroom must bccomc commonplace for all children,

for it has all the characteristics of the list above.

Other Trends to Consider

In addition to the challenges of technology and changing school populations, tomorrow's

elementary school teachers will have to contend with changes in the very nature of

science. The last decade has seen large changes in how scicncc is being done, both its

processes and its increasingly interdisciplinary nature. In addition, the impact of scicncc

on socicty and thc nature of scicncc as a human activity has been the sourcc of much

consideration and dialogue (Bybee, 1988; Yager, 1984). As our Center's Curriculum and

Instruction report points out, technology has bccomc inseparable from science as one

considers our changing world and applying our knowlcdgc to its problems and needs.

Thcsc trends and those discussed earlier are certain to tax the knowledge, abilities and

flexibility of even tcachcrs !ikc Ms. Lopez, and have important implications for tcachcr

preparation and opportunities for their ongoing development.

Teacher Knowledge and Skills

Do elementary school teachers currently know what they need to teach scicncc?

Lacking an appropriate measure of teacher knowledge (Murnanc & Raizen, 1988), we

have only random indicators that, in fact, many elementary school teachers may lack

such knowlcdgc. The indicators include:
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Survey data on science courses taken it college. The National Science Teachers
Association standards recommend one course each in biology, physics, and earth
science. Only 31% of K-3 teachers and 42% of the 4-6 teachers meet these
standards (Weiss, 1987).

State course requirements. Fewer than half the states require elementary teachers
to take a course in science methods (Blank & Espenshade, 1987).

lf-r riecaeadequacy to c science. A 1985-86 survey indicates that, while
82% of elementary teachers judge themselves well qualified to teach reading, 27%
feel the same way about their qualifications to teach life science, and only 15%
feel qualified to teach either physical or cartrspace science (Weiss, 1987).

Classroom behavior. Although teachers report that they use strategies of inquiry
and stress higher order thinking and concept development, research studies
repeatedly show their teaching to be characterized as lecture, with sonic discussion,
stressing factual learning (Goodlad, 1984).

In his observation of the science teaching of both pre- and in-:,ervice elementary

teachers, Arons (1983:113) notes that

the majority use concrete rather than formal patterns of reasoning; they cannot
do arithmetical reasoning involving division..., do not control variables; they
cannot visualize possible outcomes of changes imposed on a system; their
"knowledge" of science resides exclusively in memorized names and technical
terms, and because tl ey lack adequate operational understanding of these names
arid terms, they are unable to reason with them in any specific instance.

Thus from a scan of teachers' coursework, their classroom behavior, ohscrvatioi s

their work with science concepts, and their own self report, it appears that many

elementary teachers have significant gaps in what is needed to teach science. They do

not know science content, so have limited ability to apply reason with basic sc

principles. Nor do they know the strategies and approaches required to teach science

well.

Before turning to ways teachers can he better prepared and supported to teach science

well, it is well to ask the question, "what should teachers know and he able to do?" The

recent explosion of knowledge about learning and concept development requires us to

answer this question directly, since merely turning hack to the indicators mentioned
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carlicr and requiring (1) morc collcgc scicncc courscs and scicncc mcthods courses, and

(2) less frontal tcaching and emphasis on factual Icarning will not providc sufficicnt

guidance.

Teachcrs nccd to know both scicncc contcnt and pedagogy to tcach scicncc well. As

Shulman (1986) argues, it is not enough to havc good generic tcaching skills; rathcr,

cach disciplinc rcquirc, its own tcaching strategics. Tcachcrs' contcnt knowlcdgc as well

as thcir "pcdagogical contcnt knowlcdgc" arc both of conccrn.

Andcrson (1987) responds to this qucstion of tcachcr pcdagogical knowlcdgc in scicncc

by portraying what he calls "strategic teaching". Incorporating his vicw with our carlicr

discussion of good scicncc teaching, we believe that a tcachcr nccds to know:

that scicncc is morc than a sct of facts, ruics, and definitions, and even moic than
thcsc plus process skills; rathcr, it is an attempt to describe, cxplain, and
appreciate the natural world;

basic princip'cs of Icarning and tcaching that guide her or him to tcach for
undcrstanding;

that tcaching for conccptual change or dcvc!optncnt requires a prcparition phasc,
whcre studcnts arc invitcd to Icarn by tapping thcir own cxpericnccs, arousing
thcir interest and excitement, and cngagimz thcir rcal world as a way of assessing
thcir prior knowlcdgc; a presentation phase, whcrc studcnts arc given opportunitics
to cxplorc, challenge, cnhancc or rcconstruct thcir own conccptions; and an
application phasc, whcrc studcnts takc action, using ihcir ncw knowlcdgc by tcsting
its value in a variety of ways;

how to asscmblc and/or rcconstruct print matcrials and activitics so that thcy
cmphasizc scientific thcorics and principlcs to cxplain thc phenomena in the
natural world and help studcnts cxplorc and construct ncw understandings;

the major principlcs and thcorics of lifc and physical scicncc or enough
undcrstanding of thcsc hodics of knowlcdgc to know whcrc to go whcn more
information is nccdcd; and

how to create an environment in which each studci.1 is engaged in activitics, with
sources of authority, and in communication with othcr studcnts and thc tcaciwr f3i-
thc expressed purpose of conccptual development.
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The remainder of this report suggests an approach to helping elementary school teachers

develop the knowledge, skills and routines they need to teach science well.
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CHAPTER H. TEACHER DEVELOPMENT

Introduction

If, by objective mast!' and by the,. own admission, teachers don't know much about

science and science teaching, then their initial and ongoing development takes on

enormous importance. What does it look like now, and how must it change to promote

a vision of effective science teaching?

Currently, an individual may teach elementary school having had no or very little

opportunity to learn science or science teaching. This is true of those preparing to teach

and those presently teaching. University, state, and district requirements are so varied

that the current low levels of knowledge and skills are not surprising.

What we refer to as "teacher development" -- conscious attempts to help teachers or

prospective teachers learn what they need to know presently is compartmentalized,

occurring in distinct stages. These stages typically include science courscwork;

professional education courscwork; clinical experiences; and inservice education. What

is taught at each stage is the responsibility of different people and institutions (e.g.,

liberal arts and sciences faculty, teacher education faculty, district staff developers

and/or curriculum coordinators). There is rarely coherence or continuity across stages

and responsible parties. As a consequence, there is no one institution or formal

collection of institutions responsible for ensuring that teachers have the science and

science teaching knowledge they need- this is left to the individual elementary school

teacher who may be (and probably is) more interested in language development and is

least likely to understand the implications of under preparation in science. In addition,

the processes by which teachers are taught vary from a more "knowledge delivery" mode

(e.g., science courscwork), to a pure modeling mode (e.g., student teaching). Some

stages combine learning processes, for example, in a professional education course or an

inservice workshop, teachers may be given new knowledge, which they then observe in
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use, then practice themselves. But the acquisition of new knowledge and its application

to teaching are most often separated.

Finally, it is assumed that teachers arc capable of taking full responsibility for the

classroom when they arc certified to teach. This is typically at the end of their

preservice preparation.

Because teacher development efforts have traditionally had these characteristics, few

teachers are prepared to teach students well at the time they become fully responsible

for a class. The beginning teacher attrition rate is enormous. Further, once they are

hired as teachers, their continued professional development is largely learning by doing.

The more formal opportunities for learning are ones they select from a smorgasbord and

experience as individuals. They are either short-term and largely practical or long-term

and largely theoretical. They are rarely part of any long-term development effort.

While the current approach to teacher development is problematic for teachers in

general, the consequences for developing good elementary school science teachers arc

most dismal. Science coursework is limited; professional education courses include. t

best, one course in science pedagogy; only coincidentally does a clinical experience occur

with a model science teacher; and inservice offerings in science arc most often attended

by teachers already skilled in science teaching.

Although the last several years have seen renewed efforts to improve teacher education

in general, we believe that a new approach is needed to improve the capabilities of

elementary teachers for science teaching. At a general level, this approach does not

differentiate science teacher training from the development of elementary teachers as a

whole. As the report progresses we indicate areas particularly relating to science. We

should also note that our current discussion is of the preparation of all teachers to teach

science. A discussion of science specialists appears later, although, even when specialists

arc used, regb.lr teachers need a basic understanding of science teaching and of ways to

integrate science into their own responsibilities.
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The approach we propose has five characteristics. First, teacher development needs to

be viewed as on a continuum rather than in distinct stages. The continuum includes

what is now undergraduate preparation, continues through a period of induction where

responsibility for students is assumed gradually, and incorporates the remainder of the

teaching career. Over this extended period of time the teacher learns and renews what

he or she needs to provide optimal science learning for students.

Second, the process of teacher development should incorporate a the-ry of learning that

mirrors that of student learning. We noted in the previous chapter the constructivist

views on learning. Like all learners, teachers need to construct their own knowledge

and theory of science learning that is developmental and that is based on experience,

reflection, interaction with others, and exposure to effective teaching models. This

means that current teaching strategies must change, from science coursework through

inservice opportunities.

Third, there should be much more overlap between campus and field instruction in

teacher development, with a gradual shift of primary responsibility to the field. As

teachers require more and more exposure to and interaction with children to foster their

learning, their time is spent less within the walls of the university and more in the

schools. As their need increases for strategies to teach, they need more and more to be

under the tutelage of expert teachers of elementary school children, and less of

university faculty. This transition should not be abrupt, but rather a gradual shift. Thus

the difference between what has previously been called preservice and inservice is more

a change in support structures than in content or process.

Fourth, collaboration between and among the various organizations involved in teacher

development (e.g., the university faculties, school districts, state certification agencies,

teachers' associations) is no longer an option, but a requirement. Teacher development

needs to be a joint responsibility. Not only do they need to have close working

relationships with clear understandings of how responsibilities will be shared, but they

need to change simultaneously, since the success of a change made by one part of the

system wil! likely rest on a change made in another.
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Finally, the development and ongoing support of teachers needs to exemplify a norm of

continuous learning. The vision of schools as learning communities fo both the adults

and children within them can only be supported if teachers believe that they themselves

are learners. The best kind of teacher development helps teachers live this norm so that

they can model it for their children.

The Need for Experiential Learning

Experiential learning is the key to teacher development approaches with these

characteristics. Creating opportunities and environments in which it can occur requires

understanding and attending to the developmental nature of teachers' knowledge, skills

and feelings. Learning research suggests that, without an experience base upon which to

develop personal meanings, concepts and principles are not learned. This is true for

learning science, learning about learning, and learning about tcaching ')roviding

opportunities to develop, elaborate, and sometimes change, prospective teachers'

personal meanings for concepts of science, learning, and teaching is the primary

challenge for teacher educators at all stages.

Teachers develop affectively as well as cognitively, and experiential learning approaches

attend to these needs as well. Fuller's (1969) research indicates that prospective

teachers develop in their concerns about teaching from very self related issues, to

concerns about how to get the task of teaching done most effectively, and finally to

concerns about how their students are faring. The implication of this research is that, as

individuals approach, begin, and continue their teaching careers, they need opportunities

to resolve their earlier concerns so that later ones can emerge. To do so they need

many earlier and different kinds of experiences with materials and in settings such as

schools and classrooms so they can feel increasingly more comfortable and more

competent with content and with the challenges of teaching.

Thus both cognitive and psychological research undergird the need for experiential

learning opportunities at every stage of teacher development. In science courses this

means investigating phenomena much as scientists do. In child development and

learning courses it means spending time observing and working one-on-one with
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children. And in the study of pedagogy, it means a considerable amount of time spent

in school settings.

The implications of this argument call for fairly substantial change in methodology, in

setting, and in approach throughout the teacher preparation and inservice sequence.

The Phases of Teacher Development

While we are committed to much greater coherence and connection among the

components of a teacher development sequence, there nonetheless appear to be phases

of development that have distinguishing characteristics. In the early phase teachers are

typically students in universities. Their primary aims during this phase should be

developing a strong background in the liberal arts and an understanding of children and

their development. In the middle phase the emphasis is on teaching. Here the aim is to

develop and practice the knowledge and skills needed to teach a class of children in a

competent and comfortable way. Finally, the later phase involves experienced teachers

in the updating and renewal of their capabilities to teach children and assume other

educational responsibilities as well.

We think that the time spent in each phase should and will vary. This is partly because

teacher development is a process that, if done in an optimal way, should be flexible,

depending on the needs and progress of the individual teacher. So a given program

should have its own flexibility. Further, there are currently a number of different

scenarios being proposed and tested for the development of teachers, and there are as

yet no strong data to support the strength of any one scenario over any other. For

example, there are those who argue for a four-year liberal arts degree before beginning

the professional sequence (Carnegie Forum, 1986). Others argue for programs lasting

five or more years which incorporate a liberal arts degree, professional certification, and

often a masters degree as well (Holmes Group, 1986). Half-year and full-year

internships are both common, as are one- and two-year induction programs. In addition,

alternative certification programs are preparing people with bachelor degrees and work

experience to teach through various approaches, including intensive summer institutes

and/or after-school seminars.
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Our vision of an optimal teacher development sequence, while flexible, does have some

parameters. It makes sense that an early development phase that focuses on liberal arts

and child development should take between three and four years. The middle phase

with teaching as its focus should have one to two years with full supervision (i.e., before

certification) and one to two years of support once hired, even provisionally, as a

teacher. Thus our vision ranges from a time allocation that is fairly traditional (i.e, four

years undergraduate, but with at least one year of supported induction for the first year

teacher) to the more extreme vision of a five-year professional sequence plus two

additional years of supported induction.

We do not support the call for an abbreviated preparation period for elementary science

teachers; the reason will be clear in our discussion of what needs to be in a program.

There is simply too much that teachers of elementary school science need to know to

make non-teachers into teachers overright, regardless of their qualifications. We also

doubt the efficacy of a program that has all of what would traditionally be known as

"teacher education" in a single [fifth] year. This is for the same reason: there is simply

too much to learn.

The actual choice of how many years should be invested in the early and middle phases

of teacher development should depend on (1) evidence from the current experiments,

(2) the resources available, and (3) the background and qualifications of the individual.

We believe that these are the characteristics of good elementary school teacher

development programs. But where does science come in? First, through a teacher

development program that gives science the emphasis it deserves in elementary

education, i.e., puts it on equal footing with language and mathematics. Since neither

teachers nor districts give high priority to science (Bybee et al., 1989), teacher

development efforts need to ensure that elementary teachers are grounded in not only

the knowledge and skills needed to teach science, but the conviction of its importance as

a basic.
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In actuality, elementary schools have two clear options ',r promoting science learning.

One is to have every teacher prepared and then continually supported to teach science.

Another is the use of science specialists, where fewer teachers know and can teach

science, and do so for all students in the school, while other teachers specialize in other

subjects. This option is discussed in greater length in Chapter III, since it is an

organizational issue. In this chapter we simply note that this appears to be a viable

option for later elementary grades, and we discuss implications fir the development of

such specialists at a later point.

Early Phase of Teacher Development:

Learning about Science and Children

We would argue that, given what elementary teachers need to know and Je able to do

to teach science, this early phase should include:

a major in a discipline, although not necessarily science;

coursework in one or more sciences that allows teachers to experience science the
way it ought to be taught; and

an introduction to child learning and development that is simultaneously
experiential and theory-based, and to the influence of cultural and community
differences on learning and teaching.

A Major in a Discipline

One of the problems with many current teacher preparation progr is is that teachers

major in elementary education, rather than in a discipline. As the report of the Holmes

Group (1986:14-15) notes,

For elementary teachers, this degree has too often become a substitute for learning
any academic subject deeply enough to teach it well. These teachers are cert'fied
to teach all things to all children. But few of them know much about anything,
because they are required to know a little of everything. No wonder so many
pupils arrive in high school so weak in so many subjects.
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Students majoring in elementary education take courses from a number of disciplines

and do not come to understand the nature of a discipline -- its methods, products,

relatior:thip to society and to other disciplines. It is then no surpri,e that, when faced

with teaching physical science, for example, they do not understand that there arc major

principle.; of physical science that should help them organize their curriculum so that

children will develop conceptual understanding. The premise underlying this

recommendation is that if teacher majors in a discipline, i.c., takes a large number of

courses that encompass the breadth and depth of a body of knowledge, even if that

major is in history oi cc nomics, then how to organize the content of scnence instruction

would be more info; ined (Champagne, personal communication, 4 'April 10S9).

While there arc traditional programs in a major, there are other kinds of prognms that

achieve the same outcomes.

An &ample from the Cametie Report (1986 illustrates that such bre, Ith and deptl-
con be more- 0,0:1 'nerdy acquiring a large .zun:ber of credi. /rot /s in one subject.
Bic!o) aajo,-5 clanford Lliaver,iy oirounter an interdisciphnary program staffed by
profescors of psychiatty, arithr)p,liripy, geolor, genetics. rucliolog.% chemistry,
sociology. .! to name a few., It differs from otiler interdisciplinary programs

:1-nt it disco,,rtigef dabbling. Rai:ier, pfirlicular field in-depth,
apply they knowledge tc prnrtical problems, and, during hat e
oppornmily rn contribn:;* to gy,rk the field.

Beginning with coursework that expose, tl-2m to the central ideas in Pie natural and
social sciences, students then take 'weed cuiases in an area of special interest.
Their curriculum is grounded in statistics and the fundamentals of public policy. It
provides opportunities for intellectual engagement over time and for testing their
knowledge by applying it to real problems or situations.

One could imagine that an elementary school teacher with such an undergraduate

preparation program -- whether or not in a science discipline -- would come to teaching

with a rich understanding of learning and a sound respect for knowledge.

Well Presented and Organized Science Content

Our previous point about majoring in any discipline did not mean to imply that teachers

do not need knowledge of science to teach it well. Indeed, we believe they should have

several science courses as part of their undergraduate education. The NSTA
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recommends one course in each: life, physical and earth science. Others (Champagne,

personal communication, 4 April, 1989) recommend at least two courses in one science

(biology, chemistry or physics), preferably with exposure to otl, cicnces as well. This

is because science is a special kind of discipline, with its own cc it and ways of

thinking. As noted by Anderson and Smith (1987), teachers need answers to the

questions: What is special about scientific knowledge? What aspects of scientific

thinking are like our common sense thinking? What are different? What are the basic

conceptualizations upon which knowledge in a scientific discipline are built?

But do current science courses answer these questions? Typically no. Rather, university

science courses organize their discipline around a set of facts and principles, and do not

address more epistemological or historical questions such as these.

The implication, then, is that, while teachers need to take courses in science, they are

not the courses that are currently being offered (Yager & Penick, in press). As Arons

(1983:94) points out:

To develop a genuine understanding of concepts and theories, the college student,
no less than the elementary school child, must engage in intense deductive and
inductive mental activity coupled with interpretation of personal observation and
experiences. Unfortunately, such activity takes place in only a handful of passive
listeners, but it can be enhanced, nurtured, and developed in the majority,
provided it is experientially rooted and not too rapidly paced.

The best kind of science courses would:

teach science in the way that it is practiced, pursuing real questions about the
natural world, and incorporating investigative methods with knowledge of the
important facts and concepts of the discipline

be interdisciplinary in that they relate their particular field to related fields (e.g., a
chemistry couisc would bring in physics, math, biology)

ground the discipline in its philosophical assumptions and historical context

help students relate the content to societal issues (Champagne, personal
communication, 4 April 1989).
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A course that had these features would:

spend relatively more time on fewer concepts than traditional courses, and, as
Arons (1983:97) says, "back off, slow up, cover less, and give students a chance to
follow and absorb the development of a small number of major scientific ideas at a
volume and pace that make their knowledge operative rather than declarative"

require close collaboration with professors of other disciplines, including those
outside the natural sciences (e.g., history and philosophy)

prepare people with basic facts and principles of the science and some thinking
skills so that when they want additional information about the science, they have
the necessary data base and skills to access it.

An illustration of such a course is the introducto-v geology course at Carleton College
in Northfield, Minnesota. Its goal is for students to act as scientists and perceive
science as a way of behaving rather than as a body of knowledge. A typical textbook
introduction to geology would begin with the earth and its place in the solar system,
and progress through matter and minerals, rocks, the geologic cycle and geologic time,
the evolution of the lithosphere, and geology and industry. Instead of using this
textbook orientation, students are given a series of problems that require them to learn
about various aspects of geology in order to solve them.

For example, the class might go to a river where several large gullies were apparently
caused by erosion. Teams of students attempt to determine what is happening. Then
the group convenes to discuss their observations, air their questions, and decide what
further observations and information are needed. Back on campus, class meetings
focus on gaining more information about the topic. They discuss whose responsibility
it is to stop erosion, how it could be stopped, what scientific technology is available to
stop it. In this way, knowledge is built and used, applied to the same kind of
problems for which students will need science in the future.

Note that this example is not one of a course entitled Scicncc for Non-Science Majors

or Science for Elementary Teachers. It describes a fundamental course in a science that

is available to all, majors and non-majors alike. It accommodates the criticism of survey

courses which emphasize breadth rather than depth in terms of what teachers need to

know. As Arons (1983) notes, such courses, which typically attempt to give students an

insight into the major achievements of science, have little impact on students. Further,

courses with the titles noted above are notorious for their reputations as courses for the

less intelligent, and, while in and of themselves they may be intellectually challenging,

they lack a broad spectrum of students, some of whom can elevate the level e` 'iscourse

in the class.



At Alvemo College, students participate in an integrated science laboratory that takes
a developmental, constructivist approach to helping students learn science principles in
depth. Students' initial leaning experiences

'focus on observing phenomena and making inferences about mechanics and enemy.
Those who already know how to make abstract statements relating weight and
distance in the balancing of an object are encouraged by the instructor to identify
within themselves the process those statements represent, to discover the stages of the
process, and to begin to understand how an analytic framework contributes to
scientific inquiry.

Those for whom science is !Prritny unexplored, and often threatening, work from a
more familiar perception like their experience of a teeterboard and how they have
made it work by adding the support of another body on one side or moving forward to
make it balance. Gradually they establish alternative ways to balance a poised plank.
They then discover that what they did by feeling their way, has patterns (indeed laws)
of operation that can be formulated, proved, varied, and reapplied. Thus they come
to an awareness of the process by a different route, one with many side stops on the
way to clarify, incorporate, and fly out new knowledge (Loacker et aL, 1984:53)."

An Experiential and Theory-Based Introduction to
Child Development and the School Context

As noted by Anderson and Smith (1987), teachers are not always aware of the

conceptions of the world that children have constructed for themselves, nor, oftentimes,

of the fact that children even have these conceptions. While these particular authors

have focused their work on developing conceptions of science, sufficient work has been

done in other areas, such as language and mathematics, to indicate that there are

important commonalities. A course in child learning and development would provide

the opportunity for preservice tcachcrs to observe and probe children's conceptions in

and across several content areas. They would then learn developmental theory to help

explain and put some structure on their observations.

In a similar way, preservice teachers need to be introduced to the contextual factors that

make schools the social organizations that they are through experiences that they can

then relate to theories and cone -pts. How are schools organized? How does this

organization influence the lives of tcachcrs and children? What influences do

community factors such as wealth and values have? What influence does the political
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cnvironmcnt have? What are various scenarios for change in the organization and

structure of schools that seep to optimize the positive influence of these factors?

These learnings about child development and schools as organizations necessarily nccd

to be simultaneously experiential and the my -based for several reasons. First, while

there are sound theory bases for both, without cxpericncc upon which to develop

personal meanings, prospcctivc tcachcrs cannot really learn the concepts and principles.

It is important to apply this understanding to the learning of students in a teacher

preparation program as well as to the children they are preparing to teach.

While many prospcctivc tcachcrs have spent time with children, they typically have not

focused that time on gaining an understanding of how children learn. Further, they have

only their own cxpericnccs in classrooms, i.c., those of being 3 student, to provide

understandings of the social context of schools. Thus before preserviee tcachcrs arc

introduced to theories of learning and social context they nccd highly structured

opportunities to observe and work directly with children of different ages, within

different kinds of activities that promote different kinds of learning; and they need

opporttnities to explore and probe the cnvironmcnt of schools both the internal

environments and the communities in which they exist.

Only with this kind of experience base can prcscrvicc teachers begin to relate to

research on learning and schooling. Theories take on meaning as they provide a useful

framework for the students' observations and experiences.

An illustration of such a child development course comes from If Iledock College
where a two-semester Human Growth and Development course is complemented by
field work in which students spent one-half day a week with children. Guided
observations and journals help students articulate the developmental theory learned 9n
campus with observed behavior. Relationships between theoretical and practical
knowledge are considered in small tutorial meetings.

To illustrate a course related to the social context of schools,

The University of Houston's Reflective Inquiry Teacher Education (RITE) program
helps prospective teachers develop an inquiry approach to their own learning by giving
them opportunities to reflect on the environments in which children grow and learn.



This is particularly important in their setting, where an emphasis is placed m
preparing students to teach in urban and limited English speaking communities.

In the first hours of their program, students complete detailed comnzunity study
projects that take ?hem into the residential and business areas surrounding selected
Houston area schools. As they complete the tasks within the project, thry meet and
interview parent_, policy workers, librarians, real estate agents, and others. They
observe living conditions, recreational opportunities, and ident;k: community support
services. Tho.e projects stimulate questions about community factors that might affect
students' attitudes and performance in school.

A second project focuses on school ccnteits and their influence on the practice of
teaching. Students are introduced to research 9n effective schooLs with a particular
emphasis on the role of the principal (or other instructional leaders) in creating a
climate that is conducive to learning. They examine several classrooms and compare
the organizational patterns and the ways teachers manage instructional time. Once
again, they are encouraged to rail? questions this time focusing on school level
factors that enhance or diminish a teacher's ability to work with children.

The following excerpt from a student's final project illustrates the awareness of

contextual factors:

I never gave it much thought that I would be teaching students who don't get three
balanced meals and nice, warm clothes in winter.. I didn't :!;ink of the fact that I
might be expected to teach students who couldn't read, write, or speak Engh."
just hope I'm ready for whatever challenge is ahead of me and I hope I'm ready
fo: 'whatever tam I take (Waxman et al., 1988:4).

Middle Phase of Teacher Development:

Learning About Science Teaching

This phase of teacher development focuses on teaching. It is here that the preservice

teacher moves from an understanding of children and their development to the ways a

teacher can foster that development within the context of the classroom and the school.

For elementary teachers, we include attention to science as a content area. Thin. phase

includes:

development of a repertoire of teaching strategies that apply knowledge of content,
including science, and of child learning and cvcloprnent;
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opportunities to practice these teaching strategies with guidance and feedback in
situations that gradually change from the more ideal, one-child, low constraint
situations to those of the real classroom;

special attention to content areas, in particular, for the purposes of this report, to
science teaching and materials;

assumption of classroom responsibilities under supervision, also known as student
teaching or internship; and

supported induction activities.

Activities throughout this phase require opportunities for intensive, exemplary

experiences in classroom settings where theoretical constructions can be integrated into

the real world. Twenty years ago it was typical to keep a student on campus until the

last semester of preparation: student teaching. Now it is becoming increasingly

common to see a course sequence that incorporates experiences in classrooms from the

beginning. We began to do so in the child development course described in the early

phase. However, a fully integrated preparation program is far more than periodic

opportunities to observe and try out new ideas in classrooms. It is designed conceptually

to provide students opportunities to answer the questions of most relevance to them as

those questions emerge, to learn conceptual frameworks when their experiene s; base is

large enough for such frameworks to be useful, and to see and expericn,:e exemplary

teaching and learning.

In the middle phase of teacher development preservice teachers integrate and apply

their learnings about subject areas including science, children. and schools tc creating

learning experiences for children. They moc from one-on-one experiences that help

them feel r re comfortable about what children are like, to mastering small group

teaching strategies, to taking full and legal responsibility for a classroom of children

under the helpful guidance of a mentor.

What kind of a setting can afford such opportunities? Not just any elementary

classroom, not in today's schools. This is particularly true in term., of providing models

of science teaching and learning. Unfortunately, there are too few Ms. Lopez's.

Therefore the concepts of clinical classrooms and professional development schools take
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on critical importance (Holmes Group, 1986; Schlcchty, Ingwerson & Brooks, 1988).

These are settings in which the teaching is exemplary and in which there is a

commitment to the preparation of teachers as well as children. Teachers in such

settings work collaboratively with university teacher educators to formulate and then

provide optimal learning settings and experiences for preservice teachers. Clearly this

requires close collaboration if the classroom is also to serve the learning needs of the
children. Here the study of teaching can best occur.

An example of such a setting is the Devotion School in Brookline, Massachusetts, a
collaborative 'professional practice school" where teacher preparation is supported by
Wheelock College. There, a team of three classroom teachers and one half-time
remediation specialist work with three interns participants in a masters program at
Wheelock The interns work fill-time in classrooms and are included in every facet of
the school day. In addition, they take two courses per semester.

Classroom teachers play a major role in training the interns; one teacher has 20%
time designated to supervise them and team-teach a graduate student teaching seminar
at Wheelock One reason this program works is because another component of the
Devotion School project is team teaching, with the team having control over time and
individual teaching assignments. This provides the flexibility to accomplish several
goals, including both pupil and teacher learning, with a variety of possible staff roles.
It also models for interns the kinds of collegiality and restructured teaching and
learning environments that may characterize schools in the future.

Development of a Repertoire of Teaching Strategics

Therc are two possible scenarios for component. They differ in specification of
content. In the first, teaching strategi,.. ,re introduced and applied across a variety of

content areas. For example, cooperative learning is learned and used to teach science,
language and math content. This is based on the assumption that there arc some

common teaching strategies and some genctalizability across content. It requires that

the instructor be versed in all content areas and select or help prospective teachers

select relevant teaching examples.

In another scenario there would not be treatment of generic teaching strategics. Rather,
instructors for each contcnt area would select and teach those strategics most useful to

their content, coordinating with others so the prospective teacher experiences some

coherence across content arca . The argumcrt for this approach is that there is limited
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transfer of Icarning across content areas, that certain strategies are more important than

others in some content areas, and that strategies need adaptations for different subject

areas.

Whichever scenario is chosen, it is important that relevant content be embedded in the

development of every teaching strategy. To illustrate, it would not be appropriate to

model a cooperative learning strategy, as has been done repeatedly at a well-regarded

university, by asking each person to bring his or her favorite recipe for chocolate chip

cookies, with the assignment of cooperatively developing a single recipe. A more

content-embedded assignment would be to give the group earthworms and ask them to

generate questions about the characteristics of living things using the worms and then

testing their ideas.

This component of teacher development addresses the question: What is good teaching?

Although there is debate about this in some areas. we have defined it for science.

While it is tempting to answer this question through a series of training sessions in

effective teaching strategics, preservice teachers first need to see exemplars teaching first

hand. They need to conduct structured observations of a variety of teaching strategics

so they understand what teachers do that results in different kinds of behaviors in their

children.

Once preservice teachers have a rich experience base and can recognize good teaching,

a training sequence (Joyce & Showers, 1988) can help them develop the knowledge and

skills they need to master different strategies. Research on teaching car indeed provide

a starting list of strategics useful to teachers for teaching scic9ce, including inquiry-based

instruction, cooperative Icarning, questioning techniques, discussion and presentation

strategics, classroom organization and management. motivation, and assessment

approaches. A discussion of the theory and rationale :or the strategics should be

followed by a demonstration, either in the classroom or using videotapes. The strategy

should be practiced with feedback in a non-classroom setting, then in a classroom with

one child or a small group of children, with coaching (Joyce & Showers, 1988). Because

the key to good teaching is making appropriate decisions about when and how to use
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which strategy (Saphier & Gower, 1982), discussions should follow that consider how

each strategy might be used.

Special Attention to Science Teaching and Materials

Whether or not the study of teaching strategies focuses exclusively on science, there is

need to spend time helping prospective teachers pull together their various learnings in

order to walk into a classroom and teach science. Particularly important is the question,

"What science do I teach?"

Responding to this question involves helping prospective teachers articulate the goals for

science in elementary grades, understanding the issues of content and process, breadth

vs. depth, etc. They then can be helped to use the organizing concepts described in our

Center's Curriculum and Instruction report and listed in the first chapter of this report

to consider the science content and processes learned in their early science courses, so

that an appropriate set of learning activities can be designed for children This is not to

suggest that prospective teachers will be encouraged to develop all their own materials,

but rather to build a framework that guides the selection of materials.. They need to see

and actually do activities from a variety of sources. For example, existing programs such

as SCIS (now available as SCIIS) and ESS have a scope and sequence and hand-on

activities that reflect of the organizing concepts. Activities fron-, tilt :se programs, in

addition to those from other NSF-funded curricula of the past two deezdes, have been

collected, indexed, and captured on the CD-ROM Science Helper, currently under

development by Mary Budd Rowe at the University of Florida, with support from the

National Science Foundation. Prospective teachers can also explore the elementary

science programs that are in the National Diffusion Network, such as Life Lab and

FAST (Lewis, 1988), and those dis'rict programs described in the NSTA's Focus on

Excellence (Penick, 1983; Penick & Bame, 1988). Also, the newly funded NSF

elementary science curricula offer teachers new approaches to science education that

incorporate a "hands-on, minds-on" dimension with technology and connections to

society (Bybee, 1988). While still in their devek)pmety. stages, these programs' formats,

approache,-, and materials form useful study material for science teachers.
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Prospective teachers also need to review popular textbooks and analyze how they can

best be used. Finally, the issues of science assessment and alternative strategies for use

in the classroom, most often ignored at both preservice and inservice levels, need to be

discussed and tried out (see Raizen et al., 1989, our Center's report on assessment of

science learning, for useful references and resources).

Develcping an understanding of the goals of elementary school science, science

curriculum scope and sequence, the integration of science process and content in

designing activities, the use of the teaching strategies developed earlier within these

activities, the availability and use of alternative approaches to science assessment this

provides a strong foundation for science teaching. Prospective teachers need

opportunities to observe and analyze science lessons; try some activities with one or two

children; and finally develop and teach science units, followed by feedback. An example

of an approach that helps them develop their own understandings from their varied

experiences follows.

Such an approach is taken by the University of Northern Colorado's model program in
science and mathematics for elementary preservice teachers. Integrating coursework in
science and math content, and science and math teaching methods, ti_ program has
a constructivist orientation, influenced strongly by the work of Piaget and more recent
cognitive psychologists. If children build their own mathematical and scientific
notions, then teachers must know how to link instruction with learners' developmental
processes. They learn about maturation, physical and logical experience, social
interchange, and reconciliation of contradictions and the roles they play in elementary
school science and mathematics.

The science and mathematics methods courses are coordinated so that mathematical
skills, critical thinking, and problem solving in science are integrated. This also links
mathematics to science, technology, and society.

A central design feature of the project is that effective teaching strategies (such as
inquiry techniques, use of a modified learning cycle, and hands-on activities) are used
to teach the project's science and mathematics content courses. In the methods
courses the students reflect on and analyze these strategies, which provide a common
base from which methods topics are developed and extended.

The methods courses emphasize inquiry, questioning strategies, cooperative learning,
classroom management skills, and appropriate evaluative measures for
inquiry /discovery learning. Gender, minority, and special education issues are directly
addressed, as are concerns about student attitudes toward science and mathematics
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learning. Approximately 30% of student time in science and mathematics methods
classes is devoted to observations and activities in schools.

Science methods course students teach selected lessons from elementary programs,
including K-6 materials under development by BSCS. Using these lessons as models,
students then develop their own and teach them in K-6 classrooms of cooperating
local schools, in the UNC Laboratory School, and in UNC class sessions (Heikkinen
& McDevitt, 1987).

Assumption of Classroom Responsibilities, with Supervision

This component of teacher development is alternately referred to as student teaching

and as an internship, although some See the latter as necessarily longer and offering

more in-depth opportunities for teaching practice. During this semester or year-long

experience, two features are critical: the gradual assumption of increasingly more

classroom responsibilities, with intense coaching; and a placement where exemplary

practice is continually modeled and di.;cussed. The difference between the typical

student teaching experience and the one envisioned is that, while traditional student

teaching has emphasized modeling and mimicking, a m re effective form adds thoughtful

trial, examination and interaction around the experience. And, for the purposes of this

report, the experience gives sufficient attention to science teaching.

The first feature has traditionally beer: part of student teaching, although the nature and

intensity of coaching have varied widely. Prospective teachers need opportunities to try

out their knowledge end skills, beginning with low-risk, fairly uncomplicated assignments

with few childrk.n (althougl' these may be dispensed with if such field experiences have

precede0 student teaching), and finally experiencing full-day, full-time teaching

assignments. A university supervisor partnering with cooperating teachers can provide

an important link between ear!ier !earnings and current teaching assignments through

such vehicles as weekly seminars.

To illustrate, Wynn (1988) describes weekly three-hour seminars at Florida Southern
College that provide support for teacher interns. The seminars are structured to
address interns' concerns as they experiment with teaching strategies and materials.
They videotape lessons, are coached in the seminars by their peers, and keep journals
of their experiences.
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The second feature ;ritical to a successful internship is the opportunity to work with and

observe an exemplary, supportive teacher. It is well known that teachers look back on

their student teaching as the most important experience in their preparation program

(Lortie, 1975); further, student teachers model their teaching after the cooperating

teachers. Because this is such a key experience, it is imperative that elementary intems

observe and discuss good science teaching with someone who both does it well and is

committed to it. Otherwise, they are unlikely to teach science well when they become

teachers.

Cooperating teachers must not only demonstrate good science teaching, they must also

be able to articulate what they are doing and provide appropriate supervision to the

intern. This requires training. since good teachers of children are not always good

teachers of adults. Training in clinical supervision enhances a cooperating tcacner's

ability to communicate what good teaching is and how an intern can improve.

To illustrate, the University' of New Hampshire, in collaboration with the neighboring
school districts, provides special training to teachers who supervise their fifth year
interns. Teachers learn about the stages of adult development, develop skills in a
number of supenision strategies and then practice matching the frategy to the stage(s)
of development of their interns. This approach encourages teachers to be both
thoughtful and systematic in their interactions with interns, resulting in a far more
intense learning expenence fG,' both intern and cooperating teacher (Oja, 1988).

Supported induction Activities

The first year of teaching is the most difficult, due, in large part, to the assumption that

certification as a teacher brings with it mastery of all the tasks of teaching. Rarely is

that assumption true today. But it would likely not even be true if the experiences

which have preceded it are like those we have described in this section. Teaching,

especially elementary teaching, is simply too complicated, and every school is a new

organizational setting that needs to be understood and reckoned with.

As educators recognize these issues, induction programs arc becoming more common.

Twenty-two states have recently instiited induction programs for beginning teachers
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(Capper, 1988), and even where they are not mandated, many school districts are
developing them.

Good induction programs have:

1. Well chosen, well trained mentor teachers who are both models of good teaching

and supportive adults, the same characteristics discussed in the previous section.

They help orient new teachers to the norms of the school environment, keeping

them from being overwhelmed when those norms arc problematic.

2. Support structures that allow time for working together and getting into each

others' classrooms. It is as important for new teachers to observe their mentors as

for their mentors to observe them. And time for processing the observations,

articulating concerns and engaging in mutual problem solving must be a legitimate
part of both teachers' work.

3. Assignments for beginning teachers that arc not the most difficti't nor the most

complex. Often new teachers get teaching assignments that veteran teachers do

not want: the most difficult children, for example. A good induction program

recognizes the need for a new teacher to master teach:ng during that first year or

two, a task that is difficult with even the least taxing assignment.

Many induction programs establish a set of indicators or expectations for new teachers

and use some form of assessment to measure growth and mastery. Some incorporate

test of research-based teaching skills, arch as that used by the Kansas Internship

Program (Burry et al., 1988) and the Connecticut State Department's Beginning

Educators Support and Training Program. Others use a panel of experts (science

teachers and science educators), to whom the beginning teacher presents a portfolio of

his/her work, including videotapes, 'rid talks through teaching activities (Collins, 1989).

Good induction programs are critical for good science teaching because they reinforce

new teachers' inquiry-based teaching strategi,'s, and help them choose appropriate

curricula, set up sufficient routines, and feel comfortable with their teaching. They also

39
d 8



reinforce the norm of continuous learning so that the teachers naturally seek more and

diverse ways to grow and renew their teaching.

Since good science teaching is so scarce now, one might think about a new teacher

having an overall mentor, with an exemplary teacher of science assisting in just the area

of science. With creative assignments, a science mentor might assist more than one new

teacher in the one content area.

Later Phase of Teacher Development:

Staff Development for Experienced Teachers

If all elementary school teachers had had the !earring opportunities just described, this

section would be shorter confined to discussing ways to help them renew and refresh

their knowledge and skills throughout their teaching career. In fact, few current

teachers have had such preparation, and so much of what was discussed earlier is

equally relevant to staff development for inservice teachers. Staff development

opportunities must address the needs of teachers from those with littr, or no knowledge

of science or science teaching, to those who are experts in both.

Good staff development programs for science teaching incorporate (I) knowledge about

science, science learning, and science teacning; (2) strategies that help teachers develop

and incorporate ti::tt knowledge into their teaching; and (3) structures that involve

teachers in decisions about their learning and create an environment in which new

knowledge is supported and renewed.

While the knowledge needed by teachers in service 0 ,es not differ from that discussed

for preservice, the change in teachers' employment situations (i.e., they are now full-timc

teachers) requires somewhat different structures and strategics to promote their learning.

1Staff development as a concept is rapidly replacing the narr )wer inservice
education, and because we prefer this broader connotation, we will use the term instead
of inservice throughout this report.
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Staff Develop-tent Strategics

Opportunities teachers have to renew the it knowledge are typically either inscrvice

workshops that are relatively short and one-shot, or university courscwork that is highly

theoretical. Both are apart from the context of their classroom and school. Some

teachers remember the NSF-sponsored institutes of c decade or more ago, which were

long, intense, and mixed theory and practice. But these too suffered from bung apart

from the teacher's home context. None of these approaches to staff development are

optimal for learning and using new knowlcdgc.

Loucks-Horsley and her associates (1987) report that staff development programs that

result in meaningful changes in teachers' behavior have certain common characteristics.

Among other things, they allow for intense study of and engagement with the new

knowlcdgc or skill over time, with time to practice and work through, NA,th others, the

problems of implementation. This combination of theory and application, time to reflect

and practice, self study and cooperative learning, rarely is found in the more traditional

inservicc workshops, college courses, or even the early NSF institutes.

A model of the change process that has influenced many staff developers in their design

of specific strategics is the Concerns-Based Adoption Model (CBAM) (Hall & Loucks,

1978). The model describes the process individuals experience as they are introduced to

and implement new practices and programs. Seven Stages of Concern are identified that

progress from individuals' concerns about what the program is and how it will affect

them ("self' concerns), to how they will master all the time, material, and coordination

demands ("task"concerns) to h-)w the students are responding impact"conccrns).

Staff development strategics that address tcachcrs' concerns as they emerge ha\ been

effective in nclping tcachcrs change their practice, in science as well as other a La-

(Loucks & Pratt, 1979).

Sparks and Loucks-Horsley (in press) identify five models of staff development th it

quite different one from another, but that each have these necessary characteristir,,

The models arc: training, observation and assessment, inquiry, curriculum and logi am

development, and individually guided staff development. Thcrc is some overlap bek Len
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the models and so one sould in fact incorporate features of each in a comprehensive

staff development program for science education. However, the models also offer

alternative approaches that can be chosen among, depending on the individual

teacher(s) and the context.

Training. The training model is most frequently equated with staff development and it

is also the best studied; there are clear indications that its use can result in

demonstrable changes in students (Joyce & Showers, 1988). The model includes (1)

development of the theory and rationale behind the new behaviors to he learned; (2)

demonstration or modeling; (3) practice in the training setting; and (4) guided practice

in the field with feedback on performance.

In Jefferson County, Colorado, elementary teachers received training in the district's
inquiry-based science curriculum through several phases. First, teachers were
introduced to the new curriculum through short overview presentations by teachers who
had piloted the curriculum. During these sessions they received their curriculum
guides, learned about plans for inservice workshops, and had ample opportunities to
ask questions. Second, in three full-day workshops scheduled through the year,
teachers had opportunities to go through each teaching unit. Inservice leaders
modeled teaching and classroom strategies, helping teachers to explore and practice
the concepts and materials they would use with their students. Finally, experienced
teachers on special assignment to the central office convened after school problem-
soiving sessions, were available to conduct classroom demonstrations, and in other
ways supported the use of the new curriculum in the schools (Loucks & Pratt, 1979).

Observation and Assessment. This model involves the careful observation of teaching,

with particular attention to certain behaviors, and open di,cussion of the results. The

model is labeled in various ways, primarily as forms of clinical supervision and coaching.

A sequence of activities often includes: (1) agreeing on a focus for the observation,

which may come from the Lacher, the observer, or a framework estabh,lied elsewhere;

(2) the observation, with the observer recording behaviors as they occur or according to

a predctermined schema; and (3, a conference during which the observation is discussed,

strengths and weaknesses assessed, and goals for the future set.

As a form of supervision, this model has received much attention for its potential for

formative rather then summative eval.,ation (Garmston, 1987; Glickman, 1981). As
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coaching, usually among peers, it encourages norms of collegiality and experimentation,

associated with schools where students learn (Little, 1982).

To continue the previous illustration, the Jefferson County science department
developed a guidebook for principals that describes the behaviors of leachers using
their elementary science program. Each of twelve program components is spelled out
as to what would be observed in classrooms where the program is being used as
intended. Principals, who share responsibility for curriculum implementation in the
district, use the guidebook to observe teachers and then to work with them,
individually and collectively, to remove barriers to and provide support for good
science teaching (Jefferson County School District, 1979; Loucks & Melle, 1982).

Inquiry. This model incorporates such practices qs action research and reflective inquiry.

Based on the work of Schon (1983) and others ..,parks & Simmons, 1989), teachers are

encouraged to reflect on their own practice, gather data to better understand the

phenomena of interest, and consider changes based on careful analysis.

At Devotion School in Brookline, Massachusetts, teachers working on a collaborative
intern project with Wheelock College are able to take on roles other than direct
teaching for 20% of their time. One teacher chose a Teacher/Researcher role. Early
in the year he defined his problem: to examine the strategies that children used who
were excellent writers of fiction and nonfiction. He learned research methods,
conducted observations, interviews, and analyses, and wrote about his !earnings in a
paper he submitted for publication.

Curriculum and Program Development. Involvement of teachers in the development of

curriculum and/or programs which they then use is another model for staff development.

Teachers begin with a problem, e.g., the curriculum is outdated, needs review, is not

being used; student achievement and/or enthusiasm for science is low. Teachers then

gather information, materials and other resources, consider existing knowledge about

effective science teaching and learning, and develop a response to the problem.

An illustration of such curriculum development comes from the Addison Northeast
School District in Vermont. Following a district-wide process for identifying needs, the
district curriculum coordinator put together a science committee that had a balance of
perspectives and represented each school and grade level blocks. The only written
curriculum was a 12-year old skills 11:51. the first year, committee members reviewed
all the teacher resource materials they had and wrote a philosophy statement. Next
they worked on the goals, scope and sequence.
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Feeding into the new goals, scope and sequence were new science opportunities offered
in the district, including a workshop nn the geology of the area and mini-course in
botany for elementary school teachers. Two teachers attended an institute in inquiry
science offered in a nearby district, then conducted a workshop on physical science for
elementary grades

The curriculum committee re-convened the next school year. By January, the K-12
guidelines were available for review. The document was not prescriptive, but rather
provided a framework for each school in the district to work within.

Teams from each school prepared implementation plans, making decisions about
which topics each teaching level would cover. Sample units were developed to provide
models for teachers and material for curriculum evaluation. Meanwhile, staff
development opportunities continued, including strategies for integrating science with
other content areas.

The district is now focusing on a three year implementation plan that includes
completion of individual schools' guides, continuation of district staff development
programs, and support for implementation in schools. There will be release time for
teachers to observe one another and stipends for teachers to work together during the
summer on unit development.

individually Guided Staff Development. This model is based on the assumption that

individual tcachcrs need different interventions to help them improve their practice.

Here teachers, either as individuals or with others who share their interests or concerns,

establish a goal, and seek input by way of coursework, workshops, library research, visits,

and other forms of self study to reach the goal. Self determination and support by their

principal, peers or others in the use of their new knowledge and/or skills makes this

model diffcrcnt from more traditional staff development.

Pedie O'Brien is a second grade teacher at Bristol Elementary School in Bristol,
Vermont. Her interest in inquiry science was piqued when she attended a summer
institute in a nearby school district. She had taken courses at a natural science center
and the nearby college and had attended any workshops in science she coult, find.
But the practice she got in teaching science through an inquiry, hands-on approach
during the summer institute pulled it all together for her. She decided to follow her
natural inclinations, verified in her sununer experience, by allowing the children to
learn by asking questions and designing 'fair tests' for their Ideas.

The next year was different for Pedie. She changed her own teaching and influenced
the teaching of her peers. Her attitude spilled over into ether curriculum areas. At
the end of that year, with encouragement from the curriculum coordinator and her
principal, she conducted workshops for the teachers in her district on the process skills
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of science, the comparison of inquiry science to more traditional approaches,
questioning techniques, and a content session on physical science. This help-Li her to
both articulate and cement her beliefs and strategies.

She also attended a regional NSF institute and ,anze back with more ideas and a
plan for implementing them. Together witch her support person from the institute
network, she will soon conduct a workshop in cooperative learning. As a member of
the curriculum committee she is helping to find and fill the gaps in the : ..,.sent system.

Teachers are now using her expertise, asking her to demonstrate teaching for them, or
just to observe while they are teaching and provide feedback.

She attributes her success to her own moti vation, the support she received from her
principal and the fact that she "came from the inside" to work witch her colleagues.
"People here know me.., that I'm not a threat, but willing :o work with them." Her
principal put her in charge of implementing the science curriculum outlined in the
district's guidelines. He listens to her ideas and encourages her to share them ..a both
formal and informal sessions.

ffSiment Structures

These models work only to the extent that structures arc in place to make them

available to teachers and support their new !earnings back in their classrooms (Loucks-

Horsley et al., 1987). What good staff development structures have in common are (I)

support for the practice and refinement of new behaviors in the classroom; (2)

3pportunitics for teachers to talk and wok together to reinforce, problem solve, and

encourage change; and, in many ways, simply by their existence, (3) a clear message that

the new behaviors are important and teachers are expected to use them. Scvci al

examples of structures for staff development for elementary science arc:

Institutes. Similar in intention to NSF-sponsored institutes of the past, institutes can

provide an intense, in-depth experience for teachers of elementary science. As discussed

in ihe early stage of teacher development, the institute needs to provide teachers the

opportunity to experience science the way scientists du, and thus the way the:r students

should, rather than focusing on science :caching methods and materials. Learning h,

actually do science just as writing process workshops begin by !taxing teachers 'cam to

write -- prepares the teacher to create scien"e learning experiences for children. It

develops an appreciation for the combination of experimentation an exploration, with

cading and talking to peop1,- who have scientific know 'Age essentially "the work' of
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a scientist. Institutes model activities that arc based on a constructivist and hands-on

approach to scientific inquiry, with the organizing concepts of life, physical, earth, and

space science as the content.

Institutes have traditionally been conducted apart from the school setting, with individual

teachers as their target, and so have been limited in thcir ability to support classroom

implementation. This problem is alleviated when institutes draw a critical mass of

teachers from the same school; include the building administrator and/or science

coordinator for at least a portion of the time; incorporate follow up activities closer to

or actually in the schools, including teacher coaching and problem-solving sessions; and

give attention to a wide range of implementation issues.

Simmons College, in Boston, Massachusetts, offered a two-week summer institute for
teaching teams, with the goal of encouraging science teaching in elementary schools.
The institute provided participants with sufficient inf'rmation, hands-on experience,
and opportunities to discuss the possibilities of inquiry' science so that they could then
evaluate their own programs and initiate change.

Teams attending the institute included a principal or science coordinator, and a
teacher. Each team developed a plan of action to promote science teaching in their
school. In addition, their district commitred itself to send another team to the
following summer's institute. This was intended to build district support networks.
Team members, who had to apply to Simmons to attend the summer institute,
received an $850 stipend, four credits, travel expenses, all materials, and lodging.

During the two-week session participants worked all day and evening, selecting from
40-50 workshops. Some of these workshops dealt with process science, misconceptions
in science, intelligence and learning, career awareness, and evaluation for hands-on
learning. Workshop processes modeled ones institute staff hoped participants would
build into their own teaching. Special train: g sessions were held for administrators
where they analyzed their leadership styles and examined how they might better
promote and support science teaching in their schools.

Institute participants reconvened the following fall to address additional issues. Eaci.
team was assigned a Simmons support person who met with them at their school twice
a year.

While this example institute is global in its objective of promoting good science teaching,

others offer more in -depth study of a specific area. For example, during a summer

institute at the University of California at Irvine, a one -week unit on matter gives
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teachers an overview of the discipline that encourages them to develop the depth

necessary to introduce their students to the major ideas in the discipline, as well as

classroom materials ready for immediate use. A combination of lecture, activities and

homework assignments provide a depth to the topic that gives teachers solid science

content to complement new teaching strategics. (Taagepera, personal communication,

15 April 1989).

Teachers Centers. These structures have the advantage of providing opportunities and

support for teachers' use of new practices close to home. Teachers centers arc
sometimes in schools (Saxl, 1987) or within districts (Devaney, 1977), and are helpful in

identifying needs felt by teachers and creating opportunities for those needs to be mct.
Because they have a staff, teachers centers can use a numt,er of different staff

development models, convening and supporting groups, identifying and assembling

materials, bringing in expert consultants or trainers, coaching in classrooms -- generally

providing the kind of ongoing opportunities and support needed to keep an effort from
being one -shot.

One teacher center that works with elementary school science was established by the
New York Coalition of Schools, whose mission is to address minority problems. As
Coordinator of Staff Development for the center's science component, Maria Davis
offers staff development at individual schools during the school day. Her aim is to
help teachers feel more comfortable about teaching science, both with science content
and inquiry teaching.

Once a month Davis offers workshops and follow-up support at each school on a
variety of topics. She visits the teachers in their classrooms three times a month to
observe science teaching or demonstrate a lesson. She provides continual feedback
and coaching for the teacher,.

The center also offers off-site workshops on a variety of topics after school and on
Saturdays. Their work is bolstered by principals who are convinced of the importance
of science and commi'ted to good science teaching. As a result, more inquiry science
is being taught and issues of equity are being addressed.

Other common structure, for ,,taff development include networks and partnerships.

Linking teachers to sources of knowledge that can enhance their science teaching, these

structures demonstrate useful alternatives to one-time insen,icc workshops by providing

continuity and opportunities for ongoing support.
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The knowledge and skills of teachers are of primary importance to the qua;ity of

elementary school science education. But the organizations within which they teach

th! schools, districts, and larger contexts play a major role in supporting the efforts of

skihful teachers. The next chapter discusses the influence of organizational structures

and supports.



CHAPTER III. ORGANIZATIONAL STRUCTURES AND SUPPORT

The quality of the science exp,-,:enccd by children in elementary schools is closely tied

to the quality of their teachers and the kind of teaching they are able to deliver. In the

previous section of this report we discussed the kinds of tee. er development activities

most likely to influence the knowledge and abilities of teachers to teach science. But

able teachers need a context in which science is valued, in which good science teaching

is not only expected, but supported at a variety of levels and along a number of

dimensions. Some conditions, structures and policies enhance the possibilities foe:

effective, satisfying teaching, while others frustrate them.

Currently, very little science is being taught in our country's elementary schools (Weiss,

1987). Several conditions appear to contribute to this:

Few teachers know science and feel comfortable teaching it. This is also true of
principals and other administrators who feel uncomfortable providing both
leadership and support in the area.

Emphasis in elementary schools is on language development and mathematics, to
the neglect of science and other content areas.

Few school districts have staff development program:, that support their science
curricula; rather, tea -hers voluntarily register for inservice workshops or summer
institutes that may or may not relate to district curricula, and often these teachers
are the ones most comfortable with science.

Teachers feel unappreciated and out of control of decisions about how best to
teach the children for whom they are responsible; schools are places where
teachers are isolated, outcomes are uncertain and so uncelebrated, and the
implementation of specific regulations appears to dominate both teacher and
administrator activities.

Teachers often have insufficient, inadequate, or inconvenient materials to teach
science, particularly important if they are to use the hands-on activities known to
promote scierre learning.

Fcw school districts have systems that coordinate science goals, materials, staff
development offerings, materials, program monitoring, and student te:,ting.
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Clearly, the current organizational contexts within which teachers teach science are

insufficient to support teaching excellence. Yet these indicator- ,lone suggest some

changes that need to be made. While the research on now organizational context

influences the quality of science curriculum and teachin.; is not particularly robust, there

is a substantial amount of research and literature on educational quality, teacher

professionalism, policy implementation, effective scnools, and educational Lining: that

has direct relevance to the issue (Berman & McLaughlin, 1978; Darling-Hammond,

1986; Fullan, 1982; Murnane & Raizen, 1988; Purkey & Smith, 1983). This collective

body of knowledge suggests that high quality education results in environments where:

(1) expectai,ons are clear, (2) support in both resources and opportunities for improving

knowledge and skills is substantial, and (3) decision making prerogatives for competent,

committed individuals are broad. Our discussion will consider several factors that

promote these conditions. They include

clear purposes and outcomes

adequate, appropriate resources, including time, staff, and materials

a robust conception of staff development

norms of eAperimentation, risk taking, collegiality, and collaboration

involvement in decision making

leadership and si ;port

Clear Purposes and Outcomes

Research on effective schools and effective organizations indicates that being clear,

united, and public about goals helps guide standards for excellence and behavior, When

purposes are clear, the kind of curriculum that is to be taught, the instructional

strategies to be used, and the nature of assessment can he specified much more readily.

Purposes and outcomes can he determined at a number of different levels. Several

national efforts to do so in science education include the American Association for the
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Advancement of Science's Project 2061 and our own Center's work Pi curriculum and
instruction.

There arc those who argue that purposes and outcomes should be specified at the state

level, since it is there that the key policy levers exist, including teacher and school

credentialing. Many states also exercise control over curriculum frameworks, textbook

adoption, and student testing. Others argue that it is the district level where purposes

and outcomes should be developed, since different student populations, resources, etc.

must be taken into consideration. Still others believe that purposes should be stated at

the school level, making the r.ase that the school is the most critical unit for change.

We believe that these do not have to be exclusive positions. However, the argument

that states should frame the general goals for science education is a compelling one,

given their control of so many of the factors necessary for good science teaching, e.g.,

funding, teacher credentialing, student testing. When states take on this responsibility

and do it well, educators from other levels help shape the purposes, and then arc

supported in all aspects of the education enterpris.; to implemPrit them. California is an

example of a state whose efforts to establish a science framework and an array of

support mechanisms from textbook selection to assessment to staff development have

the potential to promote quality science education statewide.

But some states have a tradition of local control or lack the resources needed to engage
in a goal-setting process that dra" tnput from all levels of education, plus the scientific

and general community. In these Lases, the setting of purposes and outcomes should fail

to the district, where expertise and resource:, arc likely to be concentrated.

We are least inclined to support the idea that schools are the best unit for establishing

the goals and outcomes of science education. While some schoolJNased improvement

efforts have had substantial effect on student reading achievemen ere is little
evidence that the same outcomes accrue for science. Because scie.ce is a low priority

for many elementary school educators who do not feel confident about their knowledge

of science curriculum and instruction, the;.: is some danger that the quality of the

program may suffer. We note later that schools (and individua! teachers) should have
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other decision-making prerogatives. In most cases, however, the setting of general

purposes and outcomes for science teaching should be done at another level, with input

from teachers into the decisions.

The development of clear purposes and outcooes allows for:

a sharpened focus for program developrnnt efforts, enabling the players at the
various levels to come together with a common agenda and screen out many of the
distractors common to their task

the design of success indicators that enable people to know what they must do to
succeed, when they have been succc-sful and what areas need special attention

more informed decision making about the programs, textbooks or other materials
that will be the primary vehicles for instruction.

Resources and Their Allocation

As schools and districts organize their resources, they establish processes for conducting

the work of teaching and learning. These have considerable influence over what is

possible and likely in classrooms. Among those most relevant to elementary science

teaching are the nature and quantity of available resources, staffing and time.

D.esearch has pointed out that the relationship between the level of resourccs per

pupil expenditure) and educational quality is less important than how the available

resources are used (Murnane & Raizen, 1988). It remains a fact, however, that teachers

who do not have materials and facilities available to teach activity-based sci(-aee arc less

apt to do so than those who do. The availability of knowledgeable staff, facilities,

equipment, curriculum materials these "set the parameters within which schools

operate . , . [by defining] the outer limits of what is possible" (Darling-Hammond,

1986:49).

Staffing

Staffing patterns are important to the quality of science teaching, since the opportunity

to learn science is optimized for elementary school children by the availability of
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teachers who are knowledgeable, enthusiastic, and committed to teaching science. But

should every elementary school teacher be required to teach science9 The answer to

this question is complicated by the fact that the current emphasis in teacher

development is on the basic skills of reading, writing, and arithmetic. In a great many

situations, teachers are chosen and assigned by their abilities to teach language arts,

which is a higher priority in today's schools, especially those serving urban or limited-

English speaking populations.

Options such as the use of set ..nce specialists are seen by many as preferable to children

receiving no science instruction, or instruction that is poor. Such specialists can play

different roles. They can teach all the science lessons fur the school or for certain grade

levels. They can be members of a team where they are responsible for science and

another content area (e.g., mah), planning together with other team members the

overall program for their students. They can do all the planning, and preparing for

science lessons, which they and the other teachers then teach. Or they can have limited

teaching responsibilities of their own, working instead with other teachers in their

classrooms to demonstrate or assist, and outside of class where they help teachers

develop new knowledge, skills, materials, and programs for science teaching.

There are, of course, advantages and disadvantages to each of these roles. The first may

eliminate possible integration of science with other content; children can get the idea

that science is a separate, special area that requires special talent to teach (and do). It

also keeps one teacher from k'-owing 'the whole child" in every area of schooling

important in primary grad:.. The first three roles allow non-science teachers to forget

about science as something they know and share the wonder of with children. Even the

third -- where all teachers teach units developed by the specialist runs the risk of

having a teacher go through the motions of a science lesson without really engaging with

the children's learning. And the last role is expensive: it requires a full, or nearly full-

time equivalent teacher.

Decisions about the use of science specialists in elementary school are situation-specific.

We prefer having specialists in the last role described, although they may work with

teachers in several schools, rather than just one. Such a system is used in the Mesa,
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Arizona, School District, where four full -time "resource teachers" work with the district's

42 elementary schools. These tcachcrs have responsibilities for both curriculum revision

and training. In the latter role they work closely with new tcachcrs, conduct long -term

training programs in cooperative learning, and offer a variety of other staff development

opportunities and support to tcachcrs.

When resources to support this role are not available, schools might deci&' to use

specialists in (Inc of the first two roles, especially in grades 4-6, where scicncc content

becomes more important. In the primary grades, teachers with limited scicncc

knowledge, but a good staff development program and a set of inquiry-based science

materials, can handle scicncc without a specialist, particularly if they are concerned

about knowing the child across content areas. We would prefer the use of specialists

even at this level, however, whcrc the alternative is a teacher who is neither prepared

nor inclined to do good "hands-on, minds-on" teaching.

School staffing patterns arc a primary dimension in the current movement toward school

restructuring (Harvey & Crandall, 1988). While restructuring schools around co 'tent

specialties appears to be most relevant to our discussion of science teaching, other

differentiation of staffing may enter the picture. For example, a school restructured to

provide meaningful practice teaching opportunities for prospective teachers would have

interns and/or student teachers, raising the adult-student ratio and lending itself to

more hivestigative, individually paced and 'elf- directed science learning (Smy lie et al.,

1988). In the Carnegie Report's (1986) Ycar 2000 scenario. restructured school ha.,

additional staff who contribute to teaching science, including a lab technic ,in and a

scientist on leave from a local firm.

In the previous chapter we used the intern project at the Devotion School in Brookline,

Massachusetts as an example of teachers taking on different toles in a restructured

setting. When tcachcrs are part -time researchers, teacher traincis, and curriculum

developers, as in that example', they begin to hrcak down the simple (and simplistic) role

differentiation common in our schools, where tenhers all have the same job. Identifying

tcachcrs with special talents to act as mentors, advisors, resource .eachers, and trainers

can have important implications for the quality and quantity of science teaching in
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schools. More creative staffing patterns will most probably be common in schools of the

future.

Time

The amount of time allocated to subject areas is one indication of its importance to the

school community and contributes in important ways to student learning. Studies have

repeate4 shown that the amount of time spent on a topic influences student learning

(Raizen & Jones, 1985), yet the average amount of time elementary teachers allocate for

science is minimal (Weiss, 1987). The expectations created at the school and district

level, the scheduling of activities within the school, and the degree of comfort felt by the

teacher about teaching science all influence the amount of time spent on science in

elementary classrooms.

The NSTA has recommended the minimal amount of time that should be spent per

week in science instruction as two and a half hours in the primary grades and four hours

in the upper grades. Our Center's Curriculum and Instruction report (Bybee et al.,

1989) suggests twice that amount for science and technology education. Such time

allocations indicate a commitment to a consistent, regular inclusion of science in the

school program. Whether set at the district or school level, they require attention by

teachers and administrators.

The focus on the amount of time given to science teaching diminishes in importance

when curricula are integrated (Jacobs, in preparation). As in Ms. Lopez's second grade,

a science unit can easily become the focus for an entire day's activity, including reading,

writing, speaking, mathematics, and social studies. What is important to guard against is

defining the integration of science as treating it through reading and writing only. The

kind of experiential lang,rige development currently called for by proponents of whole

language instruction suggests a more appropriate alternative for integration with science.

For example, teachers can use science investigations to stimulate student debate,

discussions, and creating writing. The kind of assessment called for by a constructivist

approach to teaching generalizes across content areas as well.
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Materials

In a curriculum area such as science, materials play a key role. The absence of good

materials often precludes activity-based teaching. As our Center's Curriculum and

Instruction report indicates, textbooks are the predominant material for science teaching

in today's schools. While he concept of text materials that support hands-on activities is

not bad, current textbooks have an overabundance of disconnected factual information

that does not necessarily lead to conceptual development.

Yet there are a variety of excellent sources from which science materials can be drawn.

These include existing curricula such as SCIS (now available as SCIIS) and ESS whose

activit._;s are captured, along with others developed with NSF funds, on the CD-ROM

Science Helper mentioned earlier; programs made available through the National

Diffusion Network such as Life Lab 2nd the Hands-On Elementary Science program;

and the recently funded NSF elementary science development projects. (See page 35 of

this report for more detail.)

The cost of good science materials is not to be minimized. It has been estimated that a

budget equal the cost of a teAtbook program is needed for the materials and supplies to

support a hands-cm program.

Several important rctors must be considered when selecting materials (Loucks &

Zacchei, 1983). The first is coherence with the existing science framework. It is easy to

assemble an assortment of rnotiating, exciting science activities for ...March. It is even

possible that they may learn something from each. But a real science curriculum is not

piecemeal. Rather, it supports a framework of agreed-unon goals and objectives, or a

set of organizing concepts such as those proposed in our Center's Curriculum and

Instruction report. Lvery science activity adds one more building block to the

achievement of those goals or to the learning of those concepts. This is one of the

problems with the limited amount of computer software available fur science today.

Caught up in the excitL merit of new technology for themselves as well as their pupils,

teataiers use 0,hato'er is mailable, resulting in a discontinuity of curriculum. Good
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materials selection plays a key role in promoting a coherent, comprehensk science

program.

Another important factor concerns quality control. It is critical that the materials used

to teach science have indeed been provi.,n 1-) promote the desired science outcomes. As

noted earlier, materials need to be aligned with the stated goals and desired outcomes,

as well as with assessment procedures. This requires careful testing if materials are

developed locally, or inspection of evaluation processes and results if materials were

developed elsewhere. It argues against developing a school or districtwide curriculum by

pooling teachers' favorite activities without testing it as a coherent package against the

specific outcomes science instruction is opposed to promote. Ensuring the effectiveness

of science materials with children and teaching situations similar to one's own is

important to effective science education.

But the availability of good materials by no means ensures that they will he used. It is

no surprise that activities that are difficult for teachers te use in the classroom ones

that require an inordinate amount of time to prepare for, set up, clean up, and manage

.iith a full class roster are not likely to be used regularly. Materials more likely to be

used are ors that arc self-contained, clear in their procedures and their requirements,

and able to be managed under normal classroom conditions (Lorick & Zacchei, 1983).

Good systems for maintaining science . ;plies and equipment and classroom facilities

that allow for mess and movement can facilitate the use of materials called for by

exploration and hands-on activity. Such a system acquires, organizes, distributes, and

replenishes the materials needed by teachers. This can be done in an individual school

by a science specialist with a large storeroom and released Rut, exemplary science

programs typically have a district-level system that delivers to teachers everything they

need when they need it. This calls for a person with responsibility for the ..Astern,

teacher requisitioning procedures, materials identified through suppliers or locally,

storage space, and transportation.

In Anchorage, Alaska, more than 1,000 elementcry tecchets in 55 schools gi't the supplies
they need to teach science 'hrough a district-wide system. Each year, frochen leach at
least four science kits to their students. Early in the school car tho co,tipkte a form
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which alerts the Science Center to their schedule and their needs. The Center staff orders
and stores all the materials needed to teach the kits, assembles class-size sets of materials,
maintains a truck delivery route so teachers receive materials when they need them, and
inventories, cleans and replenishes all materials when the) are returned.

The National Science Resources Ccntcr at The Smithsonian disseminates information

and provides assistance to scicncc educators interested in developing materials support

systems for elementary schools.

Staff development programs that guide teachers through the hands-on activities and

provide them with tips on how to manage materials and children can prevent premature

decisions by teachers that activities cannot be done under normal classroom conditions.

Help with using materials effectively and effidently in the classroom can he as important

as having the materials readily available.

Additional Resources for Scicncc

Good scicncc teaching cannot occur without funding. While there are ways of

reallocating resources or cutting corners (e.g., having vocational education students make

some of the equipment), there still are real costs associated with developing and

supporting teachers to teach "hands-on, minds-on" science.

More ways are needed to get multiple mileage from budget dollars and additional

monies from sources other than local allocations. Business and industry sources have

been used to equip science classrooms, to infuse activities with scientific expertise, and

to supplement district staff development. Local museums, botanical gardens, and/or

parks have exhibits, staff, and facilities that can enrich science learning.

Rather than investing in a new science program all at one time, one or two units can be

developed each year, using discretionary money to purchase necessary materials and

equipment (National Scicncc Resources Center, 1989).

There are also federal funding so s that support science teaching. For example,

school districts have access to h. ,:hapter 2 and Title I; funds. Chapter 2 funds have
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been used in a variety of ways, often, at least in the past, for the purchase of

microcomputers and other materials. Districts, however, have discretion over how the

funds arc g..mt. Title II, also :mown as the Federal Math/Science Retraining Act or, in
its most recent reauthorization, the Eisenhower Act, allocates funds to districts on a per

pupil basis. These funds arc largely for the purpose of staff development for both

science and mat lematics. Other Title II monies go to institutes of higher education to

develop programs for math and science teacher training.

Local science educa.ors may also benefit from the reauthorization of Chapter 1 funds

for children from low-income homes. The 1988 reauthorization reiterated the definition

of "basic skills", previously interpreted to include only language and mathematics, to
include science and history. There arc several implications of science being part of the

core program f-,r Chapter 1 students. First, it argues for ensuring that they have strong

science programs, that they not be pulled out of science classes for remediation in other

areas. Second, Chapter 1 resource teachers and aides need to be ii,cluded in science

staff development, especially because they serve populations that are often the most

"science-phobic". The potential for becoming part of the training and suppo:t system for

Chapter 1 students provides the creative science educator with opportunities to serve a

larger number of teachers and rzach more students who are anderrepres nted in science

classes later in their schooling.

A Robust Conception of Staff Development

A major part of the previous chapter discussed the importance and specifics of effective

staff development for the teaching of elementary school science. Here we put it into

context of the organizational structures and support needed to help individuals change

their level of knowledge and skill for science teaching.

Ddden and Marsh (1988:598), whose concern is with implementing iarge-seale reforms,

note that

The emerging mode of staff development addresses broader and more complex is,ies,
is provided over longer time periods with considerable ongoing assistance, is linked to

59
1:S



strategic directions of the district and the school, and is targeted to specific issues
rather than across an array of disconnected areas.

This appears to be what is needed for the kinds of changes required by our new vision

of science teaching and learning. Rather than numbers of disconnected staff

development offerings, there need to be coherent plans that support curriculum,

instructional, and assessment decisions made at the state, district or school level. For

example, a district science program is accompanied by a series of workshops for

teachers, with in-classroom coaching as teachers try out the new materials. This is not

to say that teachers should be discouraged from following an interest in some aspect of

science and pursuing it in some of the ways described in the previous chapter. it does,

however, mean that a significant amount of the resources for staff development should

be allocated to implementation and support of curriculum.

Critical mass is important in this view of staff development. Teams of teachers or teams

of teachers and administrators attend training sessions, rather than individual teachers

on their own initiative. The intent is to simultaneously build knowledge about science

learning and teaching, while forging strong working relationships and support structures.

The aim of staff development is to build individual and organizational capacity at the

same time.

Staff development is not only appropriate for teachers, but for administrators and district

science leadership as well. Our view of science teaching requites that efforts to change

teaching approaches are managed well, supported along a number of dimensiot, . To do

so, leadership training in the new support roles is necessary, such as that currently being

offered by the National Science Resources Center and the Naticnal Science Supervisors

Association. Leadership training is also appropriate within the district, particularly for

principals, who need to know about what good science teaching looks like, ways they can

observe it, and how to work with teachers in their efforts to improve. Principals and

science leaders especially need to know the importance of encouraging teachers to

persist in trying new approaches, to remain faithful to the design of the program until

they have mastered it, gather than gitrig it up or changing it in a major way that keeps
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them from achieving the outcomes associated with the program. Balancing assistance

with prcssurc" is a skill that science leaders must develop (Crandall, 1001).

One of the most important aspects of this robust conception of staff development is that

it is both in-depth and long-term. For many whose knowledge of science is thin at best,

intensive institutes may be called for, where participants are immersed in the work of

science, learning processes and content together through investigations of the natural

world. Such an appro:.ch is common for teachers of writing who often attend multi-

week institutes where they become writers first, before analyzing the writing process and

its i replications for their own teaching.

But such an in-depth experience requires substantial follow-up once participants re-enter

their real world; this is a consideration few NSF funded institutes of the 1960-s and 70's

ur'ierstood, and why many of then enthusiastic participants never implemented the new

programs and processes into their teaching. Even the best staff developers rarely plan

for the amount of continuous support needed by teachers to significantly change their

teaching. As recommended by Crandall and his associates (1982). plans for projects

promoting real change in classrooms should allocate half the budget for initiation and

initia: training, and the other half for ongoing training and support. And such support

should last at least throughout the two to three year implementation period.

One strategy used to stistin a long-term staff development effort for curriculum

implementation is for teachers to take on training and support roles (Loucks-Horley et

al., 1987; LOUCKS & Pratt, 1979). A training-of-trainers strategy includes the selection of

compaent, enthusiastic teachers; preparing them to teach the curriculum and then

having them do so; training thzrn in the principles of adult learning and the change

process, and in the skills of training, consultation, and evaluation, Ind supporting their

growth as trainers by promoting collegiality and experimentation. these teachers can

then function in a variety of roles: as workshop leaders- follow-up consultants across a

number of school.,; resource teachers within their schools; special science mentors for

beginning teachers (mentioned in an earlier chaVer); and science specialists for their

teaching teams. Through this strategy, capacity is built at the indiidual, school, d;,tric

and often the regional and/or state :evel.
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Organizational Norms That Support Learning

Science is a way of knowing about the natural world. In the elementary grades good

science teaching encourages students to wonder, to explore, to discover, and to develop

conceptions of how the world works. Classrooms where such teaching occurs value

questions, experimentation, risk taking, and collaborative problem so'ving. For teachers

to foster these behaviors they too need to cY:st in an environment where these behaviors

are valued. The same conditions that make classrooms good places to learn science,

make .schools good places for to krs to continue to grow professionally and feel good

about their work.

Schools where teachers feel comfortable proposing and trying out new instructional

strategic:, and materials, and wherf.' they routinely share with each other at several level:

from talking about teaching to co-deeloping units of instruction are more effective

in increasing teacher as ".ell as student learning. Breaking do the traditional barriers

between teachers that fosi.er isolation and autonomy results in greater experimentation

in classrooms, shared responsibility for student learning, and greater teacher

commitment (Lieberman & Miller, 1988; Rosenholtz, 1989).

We noted in our discussion zibout staffing patterns that the need to teach science well is

a motivating force for teachers to work toge*her. Sharing children, where each teacher

can teach what excites him cr her and still consider the total education of each child.

puts what is quite a serious responsibility in the hands of several rather than just ore

teacher. And the clear benefits of sharing the organization of materials, equipmert and

other resources for hands-on activities also accrue from this kind of a teacHntt

environment.

When teachers work with those in other roles, in addition to workii.,, with each other,

similar norms are developed and reinforced. Thcy are able to maintain hc all-

important focus on the learner. Cross-role teams have b.,cn found repeatedly to he

important ,,,liciLs for plannin, and supporting Lurriculum development and

implementation efforts (0c!den & Mar\h, 1988). Such structures faster understanding of
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the perspectives and realities of people in other roles, forging solutions that will work

for all, and building trust to allow for experiments and risk taking in designing creative

approaches to meet new demands as well as address persistent ones.

Involvement in Decision Making

The qt.estion of how teachers shonlo be involved in decisions about science teaching is

quite complex. The research on teacher p,st.zipation in decision making is relatively

'dew, and there is none tc date that focuses on elementary school science.

What is most problematic is trying to generalize from the literature on teacher

prok-ssionalism, which asserts a clear connection between teachers' commitment and

effort, and the c- 'nt to which they are involved in instructional decisions (Lightfc Jt,

1983). Darling-Hammond (1986) notes th't, when teachers are involved in decisions

about such matters as instruc:ional materials and methods, structures and programs, and

directions for improvement and staff development, absenteeism and turnover decrease.

There is greater consensus about school priorities and practices, coupling more tightly

the goals, content, activities, and assessment, and thus, positively alter;.ig what goes on

in classrooms. Combining schou: w influence with a degree of autonomy over

classroom curriculum and instruction "helps shift teaching away from technical v, ork and

t wards prefeqsional practice" (Darling-Hammond, 1986:62).

The degree to which these statement:, apply to elementary school science is unclear. As

noted earlier, the training and prek:ences of elementary teachers favor language and

perhaps matl-ematics, but rprely science. If given options, will they choose to give

science the emphasis it deserves? Will they work towards having an exemplary' scicnce

program in their school .uch as have descrined? Indeed, Al Shanker, President of

the American Federation of Teachers, has observed that teachers involved in school-

oased management projects where they arc the primary decision makers often do not

practice to inform their decisions. His concern islook to current research or exemplary

that their uninforwd decisions will serve to perpetuate the status quo rather than

contribute to meaningful change:, in their schools (Shanker, 1988).
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Research on the implementation of new practices in schools, which has includ,:d

examination of science programs, indicates that teachers who are nut involved in initial

implementation decisions often develop high levels of commitment anyway if the

practices.work well for their students Huberman and Miles (1984) reported that

;mplementation was more successful in efforts where mandates removed teachers'

prerogatives to select their own approaches. The combination of a program carefully

selected for its etfectiveaess with a similar learner population, strong credible training

and follow-up support, and a mandate that teach, ;s would use the practice in their

classrooms, ultimately resulted in successful implementation, impact on students, and

teacher satisfaction. The key to understanding their scenario is that, while teachers had

little or no , immitment to the program to begin with, they had good training that

convinced them and enabled them to use it, and they soon observed its impact on their

students. Thus, their commitment grew as their behaviors changed in ways that obviously

benefited their students. As Fulian (1982) posits, doing is believing.

This discussion underlines the important learning that no single factor alone influences

the process of educational improvement McLaughlin (1987) notes that success lepcnds

on tw-) broad factors: capacity and will. Capacity building, while difficult, can be

addressed directly through such strategies , staff and leadership development. Will, on

the other hand, is more illusive. It is influenced by such fletors as environmental

stability and competing centers of authority, priorities, am. demands. One learning front

the research of Miles and Huberman (1984) and others (Guskey, 1986, Fulian, 1982), is

that will can also be influenced by action. Teachers can develop Jeep, tenacious

commitment to a program they have tried that works well with their children even if

those teachers implemented that program reluctantly.

What does this say about involvement in decision mak'ng about science? Earlier in the

chapter we discussed the importance of having clear purposes and c .itcomes that are

based on what is known about good science tealing and learning. As McLaughlin

(1987) indicates, such clear goals and authority are important initially to focus attention

and create clear expeaations and priorities. While this broad pressure should not let

up. implementers then need to mcvc in to address issues of program development and
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provide support required to ensure quality of implementation. Thus decisions about

curriculum, instructional strategies, and materials must involve those who will be called

upon to support and implement them. The kinds of cross-level teams described earlier

are vehicles through which such decisions can be made, at least at the district level.

Teacher involvement on these teams is critical to ensure that the science program, and

its many dimensions, will be "classroom friendly" and adequately supported. But where

is teacher decision making most important? We believe that they should have a major

role in implementation decisions: h-w and when to introduce new curricula into their

classrooms and school; how .f devc opmerit should be structured and delivered; who

should be teaching what and how; how to support each other in their teaching; and what

special adaptations are needed for their particular students.

The &termination of what kinds of involvement teachers ought to have needs to be

made for each situation. I-Ic.se is where the role of leadership becomes so critically

important.

Leadership and Support

Leadership may be the .t that bii,as and makes meaningful the array of factors

discussed within the organizational context, especially the last. One "f the most

important tasks of leadership is to involve people from all levels in decisions. The work

of Kanter (1983) and others who study effective organizations, including schools,

indicates that good leaders provide clear structures within which iccisions by others can

then be made.

In education, leadership and the structures such leaders develop come at several levels.

State structures for science, for example, can be in the form of curriculum frameworks

such as those in California, and state assessments such as those under development in

Connecticut. At the district level frameworks, curriculum guides, and assessment

strategies can form clear structures within which teachers and others can work. When a

variety of individuals in leadership positions participate in the decisions related to these

structures, the structures are more likely to be viewed as helpful and supportive than as
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confining and dictating. Further, when i.he structures clearly leave room for a range of

decisions within them, individtml teachers can have opportunities to work in an

"autonomous and creati way" (Kanter, 1983:248).

Leadership does not have to be restricted to those who hold formal positions of

authority in an organization (Cox et al., 1987). While the building principal has been

cited by many as critical to the effectiveness of a school (Fullan, 1982), others may in

fact play equally if not more important roles in overseeing and/or supporting school

programs, particularly specific curricula. It may, in fact, be more useful to think in

terms of the functions leadership must play, rather than what a particular leader must

do. For example, examination of science programs recognized in NSTA's Focus on

xcellence indicated that, in each case, som_one took responsibility for designing fly;

program (Yager, 1984) In some cases, this was a central office administrator, in other

cases a master science teach-J. In different situations, different configurations of leader.;

from the school and district, and even from outside the district, are needed to help

teachers initiate, implement, and sustain curricular and instructional changes.

There is - r) evidence that people in certain formal roles may be the best for particular

jobs. For example, in their study of a wide variety of school improvement efforts,

Crandall and his associates (1982) found that a central office curriculum leader often

nad the most influence over what teachers did 'n their classrooms, while principals aided

the effort by maintaining stability irr the school and external trainers or consultants

helped plan for the kinds of long-term organizational support teachers would need to

maintain the programs, In some cases teachers played key leadership roles. The

learning that a varkty of leaders is required to make a lasting improvement in schools

suggests the need for L.._ hind of cross-role leadership teams mentioned earlier.

original form of the practice- Too much latitude resulted in practices so watered down

or drastically changed that the outcomes they were desiLned to ach;cvc were lost.

Research on implementation confirms leadership's role in pros,iding clear direction and

creating clear expectations about "the way we do things around here." Miles (1983)

points out the importance school and district administrators maintaining pressure on

teachers tj give new practices a fair trial, and to do so in a way that is faithful to the
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Elementary teachers, for example, who are inclined to give up the mes.y and hard-to-

manage Lye creatures in their curriculum can easily lose the element that makes life

science most meaningful to their children.

Such pressure has impact only when combined with the promise to provide all the

assistance and s'..pport necessar:, to make a progrim work. Thus the other critically

important role leaders play is to ensure that such support is forthcoming. The most

obvious kind of support involves opportunities for skill acquisition and development,

addressed earlier in our discussion of staff development.

There are many other ways to demonstrate support, however. Leaders at the school and

district level have the aut:!ority to create and retire priorities in schools, and the support

they give new programs hinges on how they act out that authority. Items of high priority

are allocated time and other resources those of low priority are not. This is

particularly important for science teaching, which has typically been a low priority in

elementary schools.

Support for science teaching, which can be given at either district of building level or

both, may also include:

providing released time for teachers to attend training and to prepare for science
teaching

protecting teachers from other &muds, including additional innovations,
priorities, visitors, etc., especiail while trying out new activities and materials

ensurin" that the supplies and equipment teachers need are readily available and
are replenished continuously, and that the help teachers need is forthcoming

publicly announcing -- and continuing to do so -- that science is a high priority in
the school and that children need adequate op, .tunities to learn science

providing encouragement to teachers while they experwnce the discomfort of tryini:
new activities, while being clear about the expectation for continued use

using a variety of incentives and rewards for teachers who 'ch science effectively,
including recognition, new roles, opportunities to attend conferences, conrilict
training, etc.
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rearranging schedules such that the time and location of science teaching works
best for teachers and any collaborative planning or development is taeitated
(Loucks-Horsicy & Hergcrt, 1985).

Research can tell us a great deal about the ingredients required to successfully change

and maintain the kinds of knowledge, skills and classroom balaviors associated with

good science teaching. Yet the skillful and wise como'natiun of these ingredi,nts that

match a particular situation's strengths and liabilities is the challenge of leadership. As

we note in the final chapter, much more needs to bn learned about how this happens.



CHAPTER IV. RECGMMENDATIONS

Our synthesis of research and practice related to the preparation, induction, ongoing

development, and organizational support of elementary school teachers of science ;cads

us to a sin3le conclusion: While there is a substantial amount of knowledge about what

needs to be done, as well as about how to do it, v hat is lacking a coherent and

comprehensive structure that provides support for elementary science education from ;Ill

parts of the system. The research in most of these arms has consistent!, and over time

provided many important learnings. In many instances, schools, school districts, states,

universities, professional associations, and other organizations are applying individual

segments of these learnings in some very fruitful ways. The challenge for the future,

however, is to bring al! of the discrete pieces together for the first time.

There ;s a wide range of simultaneous changes that must be made for our of

"hanus-on, minds-on" science teaching to become a rc day. For example, we need

newly designed college science courses for prospective teachers so that they can

:nderstand the nature of science and science learning sufficiently to help children

develop their own understandings of the natural world. But well prepared teachers

cannot teach science as it should he taught if their schools ha, other priorities,

insufficient materials and equipmeot, and norms that discourage experimentation.

Similarly, prospective .-:hers need models of good science teatiling, yet those models

will be rare if better staff development is not f ,hcoming. Theis is no one place to

begin; we must work simultaneously on all parts of the system, with full attention io

"ollaboration and articulation across love s.

Our recommendations are presented in the context of two goals that encompass the full

range of levels and issues. Our !earnings lead us to believe that there is a major need

for an infrastructure which will, like the framing of a new building, give shape,

boundaries and support to rooms within. Th,,eforc, we begin the d
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recommendations by asking what structures anu supports are needed to promote good

science teaching. Once we have suggested such a framework, we focus on specific parts

of the system and suggest some ways their functions and operations need to change.

Our improvement goals guide our recommendations in two areas: organizational

structures and support, and teacher training and development. Within each area we

make a range of recommendations for development and demonstration, staff

development, dissemination, and research.

Goal #1: We must develop structures and ::apport at local and state levels that ensure

that teachers who know how to teach good science can teach it in a professional and

supported manner.

We envision an educational system in which teachers are sufficiently knowledgeable,

skilled, and positively inclined to teach science well. They would not have the kinds of

structures and supports needed to do so, however, if schools, districts, and states

continue to be as they are today. In this report we suggest that schools, districts anu

states need to provide their teachers with clear expectations, sufficient materials and

staff development, opportunities for collaboration and shared decision making, strong

leaderstiip, and ongoing support for their development as teachers of science.

Goal #2: We must provide means for all teachers to develop the understandings,

positive attitudes, and abilities to teach good science and to continue to grow throughout

their careers.

In this report and in our Center's report on curriculum and instruction, we portray ,t iod

science teaching as selecting content that incorporates nine organizing col.cepts and

using a four-stage sequence for in:,truction, based on a constructivist approach to

learning. This kind of science teaching will meet the needs of a; children, and is

narticularly important for those at risk of school failure. Yet this kind of tea' 'ling

Rquires preparation that is quite different than that currently experienced by elementary

teachers.
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We have suggested taking a constructivist approach to not only the teaching of children

but alEo to the way both prospective and inservice teachers are helped to learn what

they need to know about science, science learning, and science teaching. This requires

that in coursework and staff development offerings, learners are helped to articulate the

meanings they hold of important concepts, and are provided with sufficient experience

and information to enhance and elaborate those meanings in ways conducive to good

science teaching.

To develop teaLher knowledge and skills in science teaching, teacher education nrcds to

be viewed as a continuum, beginning with a sound liberal arts education that includes

science coursework and continuing throughout the career of the teacher. Responsibility

for teacher education sho'ild gradually shift from institutions of higher education to

schools and school districts. Staff development opportunities for Inservicc teachers must

be long-term and coherent with the goals for science learning.

Our first recommendations revolve around the imperative of iiuv;ng and coordinating

the efforts of many disparate individuals and groups. liberal ads an . sciences faculties;

teacher education faculties; professional organizations; state certification staff; state

education agency testing staff; state education agency science staff; school and district

administrators; district science coordirators; district and school staff deelopei...

Because so many of the moving parts exist at or are influenced by the tate level, where

an unprecedented amount of activity has occurred ovcc the past several years, we believe

that the state must play a key role in articulation of science teaching. A' the same time,

we recognize that the structures and supports for science often operate simultaneously at

state and district levels. We have no preference about how much control the stat'..

should have versus the district since our synthesis of research and practice has allowed

for no such conclusions. We do, however, believe that certain structures and supports

need to be present at one or both 'els, and certain kinds of input are needed for the

structures and support systems to be valid, practical and effective.
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1. Recommendation for State and/o:- District Structures and Support That Promote

Goad Science Teaching:

We recommend that states and/or districts develop comprehensive structures

and support systems that have, at a minimum, the following elements: 1)

shared purposes and goals of elementary science; 2) links to teacher

certification and assessment; 3) student assessment; 4) cross-role teams for

planning, decision making and coordination; and 5) comprehensive staff

development ( tcluding leadership development). In addition, dist.' s

should have systems for 6) curriculum development and 7) materia' support

Structures that incorporate these elc...nts to support good scicncc teaching are indeed

rare. At a mininim, the goals of clemcntary science nccd to be specified at the state

level, although there is a compelling argument to be made for a state framework that

also specifies a core of scienc: knowledge and skills. If a state framework does not

exist, a district framework is called for. Such frameworks provide guidance for the

selection of programs, textbooks and oilier materials wi'h which to teach science, and for

the specific instructional strategies teachers need in their repertoire to promote good

scicncc learning.

Once ii is clear what children should learn from scicncc teaching, then the knowledge

and abilities to teach te, those goals nccd to be incorporated into the licensing and

ongoing evaluation of teachers. This would influence teacher training institutions to be

certain that their graduates ha;c had opportunities to develop those knowledge and

skills. It should also influence the design of district tcachcr evaluation systems, since the

expertise required of an evaluator is likely to exceed that of the generalist administrators

who typically conduct tcachcr evaluations. In addition, it should influence the &sign of

student assessment, including tests to evaluate the program overall, and procedures with

which teachers monitor student learning.

At ca. ') Icvel, cross -role teams should represent those who share responsibility for

scicncc teaching and learning. At each successive level getting close, to the classroom,

the decisions made by the teams become more specific and subject u, victual
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contexts. Policies are decided at state and district levels; implementation decisions are

made at district and school levels; and decisions about day-to-da:t operations are made

at school and classroom levels. Each team ' responsible for a p:an that coordinates and

links elements at their level. For example, a district team might coordinate materials

selection, staff development, and student assessment. A building team might coordinate

tcachcr assignments, material provision and storage, and collegial coaching. Further,

teams should be responsible for monitoring the implcmcntati in and impact of scicncc

teaching at their kwels.

Staff development that relates directly to the knc,7.1edge and skiiis specified in the state

or district framework rry he available. Carefully planned, ongoing training in science

content and pedagogical sills should be comrlementcd by the development of expert

lead or resource teachers who are available to train, coach, and support others; mentors

who model good scicncc teaching to work with b ;ginning teachers; opportunities to

enga, c in colleague coaching, study group,, and action research, all directed at improved

science teaching.

Finally, leaders at all levels arc ret, tired who know science learning and teaching and, in

narticular, can articulate and promote the state and/or district science framework. Such

leaders must also be skilled in areas such as group process, training and technical

assistance, supervision, cuiTiculun th.%,clopment, evaluation, and planning. Special

attention should be paid to state and district supcix isors of science, as well a., those who

take responsibility for sc z.nce at the kcal level in the absence of a science supervisor.

At the district level, in addition, structures and systems for curriculum development and

materials support are called for. "I nose involve the identification and seler )n or

development of ma%crials for tcachcr use that are aligned with the selected goals, and

procedures for acquiring, organizing, and supply ing tc.achers with the materials required

for hands-on science activities.

These components arc all needed for long -term comprehensi,,e change in state and

district scicncc education. But what of district, (or even, perhaps, schcal,) who want to
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begin tomorrow to make a difference in science learning? Where might they begin to

get the most rapid change to occur?

A "quick start-up" strategy might include:

1. A shared leadership team of selected teachers and administrators who assess the

current state of science teaching and resources, select a science program, oversee

training and support for teachers, monitor progress, and communicate regularly

both inside the system and with the community.

2. An existing, exemplary science program selected from among those recognized by

NSTA, the NDN, or the NSRC (see page 35 for detail), and adapted for use with

the particular student population and resource base.

3. A set of pilot teachers who spend a year mastering the program with help from its

developer and being prepared as a training an' support cadre for full

implementation.

4. A 2,1r ar training sequence for all, with the tirst year having up to three days of

released-time workshops when teachers learn how to teach the units, and the

second year of up to three days to improve teachers' understanding and skills in

inquiry teaching, cooperative learning, and approaches to assessment.

5. A support structure which provides teachers with all the materials they need for

teaching, and ma !.;cs individual help and coaching available to them on a regular
basis.

6. A program of awareness and training for people other than teachers, such as

principals, library and media special' its, and resource teachers to orient them to

the new program, how it relates to other programs ai the support roles they need
to play.
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We recognize that neither this "quick start" approach, nor the more long-term,

comprehensive one outlined earlier, can be successful without more good models of how

the various components can be developed and combined, given the resources typically

available to science educators. This is particularly true at the district level. The next

recommendation addresses this issue.

2. Recommendation for Demonstration and Dissemination of Exemplary District

We recommend that funding and technical assistance be available For districts

whose science programs support the kind of science teaching we promote, have

demonstrated impact on student learning, and who are committed to becoming a

demonstration site and disseminating their programs to other interested districts.

It is far less expensive for districts Jesiring a new science program to adopt Jr adapt one

that already exists, rather than developing their own (Crandall & Loucks, 1983). Several

district elementary science programs have been identified and designated as exemplary

by the NSTA's Focus on Excellence program, the National Diffusion Network, and the

National Science Resources Center. Yet there are not nearly enough to model the

attributes of a new "hands-on, min,is-on" approach; nor are they geographically

accessible to enough 'cl:ool districts; nor have all been examined carefully enough to

know what makes them exemplary; nor do they range sufficiently in the kinds of children

they serve or the amount of resources they have. In addition, the exempiary programs

that currently exist have no had the support or assistance needed to enable them to

conduct the kind of dissemination and implementation support activities that would be

useful to other districts.

We recommend that a project by funded to (1) validate through site visit:, and the

assembling of implementation and impact data the extent to which sites already

recognized repre sent exemplary "hands-on, minds-on" programs as defined in our

reports; (2) identify additional district programs which meet these criteria; (3) profile

and develop a catalog of the set of programs: (4) provide assistance to each district to
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develop awareness materials, training materials and procedures, visitation procedures

and demonstrations, and other dissemination-related activities.

In addition we recommend tha, each exemplary district be provided additional funding

(up to $50,000 per year) to conduct dissemination/outreach activities and pi,..ide

training and implementation assistance to other d tricts inter,ted in using their

programs.

3. Recommendation for Alternative Forms of Research in Districts and Elementary

Schools where Science is a Priority:

We recommend that a federal funding agency suppot 1 series of case studies o:

schoole or districts where elementary science teaching . as the same priority as the

teaching of language and mathematics.

One of the major problems for those concerned with ,-:ientific literacy is that science

teaching simply does not have the priority in the ,lemer ary school that cio other

content areas. Yet there are schools an districts, such as those identified in the

previous recommendation, v, ...!re scier.,:c is considered important enough to have

sufficient funding and attention given to its teaching. In othc.n- places, communities have

designated magnet schools for scic.ice, another way of giing science teae,,ing priority, if

not for every child in a district, then at least for some. Our interest here is in what

factors work to make scienc i priority. These may include certain dimensions of the

school er community context; individual advoca:zs or role eerta;: A iduals play, and

strategies used to i'c rm and stimulate certain kinds of deeis,ons educators and

policymakers. A set of case studies could illuminate this issue and suggest actions that

could be taken by others.

4. Recommendation for Alternative Forms of Stiff , )cyclopment for Elemer;12

School Science Teachers:

We recommend that schools, districts, regional and state igencics,

universities, and various funding sources experiment w:iti different forms of

76

kJ
'fall.* If IiiI **Mimi



staff development for science teaching, developing new models that can enhance or

even, at times, rep: e, excellent twining workshops as the typical mode of staff

development.

In the first recommendation above, we described a staff development effort that relies

on the most widely researched and grounded approach: training with follow -up coaching

(Joyce & Showers, 1988). Yet there are other models of staff development that have

promise for promoting our vision of good science teaching, and could have other

undiscovered benefits as well. These models include: 1) immersion institutes where

participants learn science content and process by addressing problems such as those
faced by scientist and only afterwards apply those lcarnings to science teaching; 2)

institutes attended by cros!-role teams whose goal it is to design and develop new

science programs and de' 'lop internal capacity to implement them; 3) development of
special teaching centers modeled r the Shen lcy S :hoot in Pittsburgh, where teachers

arc released from their teaching responsihilities for extend( ,1 periods of time to study

new skills and approaches in a clinical setting; and 4) training-of-trainers models, which

develop internal capacity in a district or region to train and provide ongoing in-school

support of teachers of science. Use of these models alone or in combination could add

greatly to our repertoire of staff dcvelopmeilt approaches.

5. R commendation for Leadershi., Development for L0/.21, Science Leaders-

W.:: recommend .,upport for the development of a number of initiatives to

train SCialCe leaders. Currently a leadership center is being designed by the

National Science Supervisor:: Association to work at a national level. The
National Science Resource Center is sponsoring a summer institute to

develop leadership for eLment.ary science. We sugt,c.t .aat similar efforJs be

undertaken throughout the country that are able to reach more people, an'

that concentrate on the development of cross-role leadership teams as well as

foliatly designated science leaders.
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With the dearth of science teaching in our elementary schools, we need more leaders

who are equipped with not only science teaching skills, out with skills in training, change

management, publ c relations, program planning, materials management, and assessment.

The current trend towards shared decision making and site-based management further

complicates the role of science leadership, since it involves teachers and principals in

decisions traditionally made by district curriculum leaders. Thus the role of science

leaders will likely be broader than it has been in the past, requir'~z more team-buildi^g

and group process skills, and additional ways to ensure that decision making is informed

by what is known about good science teaching.

6. Recommendation for Research on Shared Decision Making in Elementary Schools:

We recommend the funding of research that focuses specifically on alternative

patterns of decision making for the improvement and maintenance of good

science teaching. Ibis rescarch Auuld pay special attention to current efforts

in site-based decision making to examine hew science is taught and the priority

it is g;vei .

Currently there are hundreds of schools across the country that are participating in

experiments ir. decentralized deci: 1 making, using a variety of different strategies and

approaches. How and what decisions are made about curriculum and instruction are

critical to the future of science education. Some science educators fear that when

teachers have decision makinfr, authority, science may be lost from elementary schools,

curriculum development efforts may result in collections of teachers' orite (but tired)

units, and central office support roles and responsibilities will be eliminated entirely.

Such concei raise a need for careful examination of the influence of new decision

making structures on science teaching, and the contexts and condit;ons under which

.science teaching is improved and thrives.
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7. i tReQ2mmendatv lopmAmt of Effective College Coursework
forProspective Elementary Teachen:

We reconumnd that a study be undertaken to determine indicators of

effective college science and teacher preparation methods courses. We

further recommend that development funds be made available for the design

of additional courses that incorporate the findings of this report

in the long run, better science teaching in schools should be supported by a supply of

good science teachers coming otr.t of teacher preparation programs. Earlier in this

report we proposed that different kinds of college science courses and teaching methods

courses were needed to achieve that goal. These courses would be experiential in

nature, based on a constructionist approach to learning, and assist prospective

elementary teachers to know and use existing exemplary materials and programs. Yet
we know of very few instances where teacher preparation coursework has the

characteristics we believe are necessary. Thus, a study of indicators of such courses

could provide a foundation upon which to build future courses.

At the same time, we believe that enough is known about what should characterize such

coursework that additional development work can be undertaken. While the National

Science Foundation currently funds some development work for teacher preparation, we

would like to s-e more designs that reflect our approach, and strong research/evaluation

componeric to understand their impact.

Simultaneous to this development work, and certainly as a result of it, national, state,

and regional organizations and agencies can proceed towards incorporating into their

standards those requirements that promote the effective teaching of science.
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8. Recommendation for Strengthening of Basic Standards and Requirements:

We recommend that state education agencies, regional and state

accreditation organizations, universities, and school districts change their

requirements such that (1) elementary teacher certification includes

.;oursework in science and science methods, and demonstrated proficiency in

science teaching; (2) elementary teacher assesbal<nt include assessment of

knowledge, skills and behaviors required for effective science teaching; and

(3) program accreditation include requirements for experiences for

prospective teachers that ensure their learning of science and science

teaching.

We ar- well aware of how often regulations drive program design, so it is critically

important that these also reflect what we know about science teaching and learning.

The two previous recommendations involve a close-in look at teacher preparation

coursework ant. standards. The next two recommendations z ddress teacher preparation

programs more programmatically as set, of coursework and experiences that together

yield a science teacher.

Teacher preparation models need to be comprehensive. They need to include newly

designed science courses that incorporate a constructivist approach and treat science

content deeply rather than broadly. Coumework in pedagogy should attend to the

developmental needs of prospective teachers, providing a variety of increasingly intense

field experiences. The use of varied assessment procedures for different science

outcomes should be included, New staffing patterns arc needed to support the

internship and 'eduction periods, ensuring special support by exceEent mentors and

reduced teaching responsibilities. All of this requires close collaboration between school

and higher education personnel, and special attention to science as an important

teaching area.
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9. Recommendation for Research and Devciopment on Models of Teacher

Preparation:

We recommend that research be conducted on models of teacher preparation

to better understand their influence on the various outcomes of teacher

education, and the elements that are critical to their success. In addition,

programs to prepare teachers in the ways recommended in this report need

to be designed, developed, and evaluated for their impact.

Several teacher education programs that emphasize science for elementary teachers have

been referred to in earlier chapters of this report. We need to better understand their
impact, as well as to design others that have promise to change Lacher preparation in

the desirable ways. One kind of program that should be given sp..cial at. -ration is the

professional development school. In such settings, close collaboration 1, co, university

faculty and differentiated staffing patterns for inservice teachers allow prospective

teachers to learn in a real school, with models of exemplary teaching and adequate

support for their development. These settings are particularly helpful for beginning

teachers, although other proera.n structuics accommodate their needs as well. Teacher

preparation models designed to give sci:...nce equal priority to language and mathematics

arc needed if we are to understand how teachers can best be prepared.

10. Recommendation for Dissemination of Promising Teacher Preparation Models:

We recommend that promising teacher preparation models that pay special

attention to science be identified, profiled, examined for evidence of effectiveness,

and dis.k,eminated widely to the teacher education community. These models

should include all the ct aractcristics listed above, and should be drawn from a

variety of settings, with special anew A to those serving at-risk poplations, both

urban and rural.

Similar to our need for model elementary science programs, we need more model

teacher preparation programs for universities and school/unive.1/4ity partnership to adopt
or adapt to their own needs and situat;ons.
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11. Recommendation for Nationwide Dissemination:

We recommend a disse.nination system for science education that will support the

spread and impleraentation of the blst science curricula, programs and teacher

development strategies to -,uppo, . good science teaching.

A goal of our Center is to synthesize research and exnlary materials that illustrate the

many dimensions of effective scnce education and !Luke that information accessible to

educators and noneducators alike. HowevLa, the Center's dissemination function is

largely limited production of print materials and some inter,-..ctions with professional

organizations in order to devise cooperative ways of reaching all the audiences

interesterl in science education. Yet, print alone will not suffice, as we know from

research on how improvements spread and are institutionalized in education systems

(Berman & McLaughlin, 1978; Crandall & Lourics, 1983; Havelock, 1973).

An effective dissemination system for science education would reach many people,

ranging from federal agencies and other national bodies, through state, higher education,

and school district organizations, to classroom teachers. Its functions would include:

packaging of information and materials, recommendations, and models of

science teach;ng and learning that emanate from research, development, and

special groups create I to address problems in science education, for example,

drawing on the new curriculum development work, the National Science

Resources Center (1988), and the exemplary programs identified by the

National Science Teachers Association;

formulation of the most appropriate delivery strategies, for example, training

for teachers or administrators or a combination, training of other school or

district staff, awareness sessions for parents and school boards, manuals for

teachers and rincipals, policy briefs for school superintendents and for local

and state legislators;
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identification and/or development of delivery systems, for example, existing

or needed organizations, agencies, ietworks, and interaction with them or

among Tr;

coordination ano ongoing support of delivery., with quality control that

ensures sound..ess of and equitable access to infoi Illation, materials, and

set.' ;ccs; and

provision of channels for informing policy makers, researchers, developers,

and others concerned with improving sci. ice education of needs in the

classroom as experienced by teachers and local administrators.

One possible design for a dissemination system that carries out these functions has

several features. First and foremost, it is based on research that shows that

dissemination promotes meaningful chat *tes in practice when it provides a high level of

assistance in an cnvir nmcnt where support and clear expectations create pressure for

change (Crandall & Loucks, 1983). A di;;sc mination system must simultaneously dex clop

the capability of people at several levels through staff development and ongoing support,

while it work' to create a context in schools, distracts, and states where tl crc are

incentives, re, urces, and clear direction.

A second feature of a good dissemination system is that no part of it divlaces or

replicates the work already being done by others. Instead, it enhanc their work and

p ggy-backs on their efforts. Related to this is the notion that every function of a

dissemination system shoulc be played out through multiple channels and should sere

multiple constituencies. While this may lead to complexities in understanuing the system

and difficulties in drawing clean organizational chirts, it ensures access.

Finally, a system designed in this way requires coordination and ongoing support in the

form of infusion of new materials, ideas, and strategics deriving from alb levels of the

educational system, as well as problem-solving assistance. This coordination rundion

also entails mechani ms to ensure the quality of the system's work, includiag equal
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access of all populations to thc services being provided, with regular assessment of

operations and impact.

Figure 1 illustrates the structure of our design for a dissemination system. At its hub is

a National Assistance Center .or Science Education or a set of regional centers located

throughout the count.), with anti-al coordination mechanisms. This Center (or centers)

would be concerned with science curriculum and instruction, assessment, teacher

development and enhancement, and ir.-provement of the school context for science

learning. The Centcr(s) would have primary responsibility for seeing that the functions

of the disscmination system described above are carried out effectively. Assistance

Center staff would solicit and evaluate input from other research and development

organizations as well as individuals and special study groups. They would work directly

with policy organizations to disseminate to policy audiences, with particular emphasis on

the kinds of policics that would provide tile direction J support needed to spark

improvements in science education.

The system for reaching the pracic community is somewhat more complex because of

the ",.aultiple access" design. A steering group might represent the primary service

providers professional associations, state agencies and then intermediaries, colleges

and universities,, the region.t! laboratories. and science teacher centers that directly serve

local school districts. The function of this stec.ing group would he to advise on

packaging of exemplary materials that are effective for the multiple audiences, help

formulate appropriate delivery strategics, and identify ' link to existing delivery

structures Assistance Center staff then would work with individual and clusters of

organizations identified by the group, helping them incorporate new materials and

strategics to better meet the needs and broaden the base of their constituents. Center

sta:f :also would solicit input on special needs and on promising practices emanating

from the classroom .) feed back to research, development, and policy groups.

Unfortunate! win. if,- exception of sc: Ice professional organizations and college

scic..,:c faculty, kw of the existing channels and agencies designed to assist tr,achers and

local educators have expertise in science. One obvious set of resources to be built upon

are the existing science materials and those emerging from current NSF funded

84 93



Testing
Agencies

Figure 2
Structure of a Dissemination Syrstem

Oilwr R&D Orzwiki
e. g. , MS U
Wisconsin
Pittsburgh

CPRE CS E

R &Din Asse..men.L.

NitEP
States

Assesvuent Center

Reg:Jnal Labs
National

Diffusion
Network

Teachers

National Center
for improvilig

Science
A.

National Assistance
Gent's- for

Science Education

Steering Group

National
Science
Resources
Center

N

Profes ,ional
Associations

ilikLikr2tizAtionS
ECS AAS A

CCS S 0 kFT
NGA N EA

Great City Schools

Colleges
and

Universities

Curriculum Development

NSF Projects

Private Foundation Projects

Industry Projects

State
Agencies

Intermediate
Units

__ _Science Cent_

stricts

Schools

Textbook
Ptiblishen

EPIE

9



development efforts. In addition, there are many teacher centers which have a proven

track record of maintaining excellent science programs, and operate successfully in large

or small school dis lets, rural or inner city (e.g., Anchorage, Alaska; Mesa, Arizona;

Schaumburg, Illinois; Fairfax County, Virginia) or serve a whole region within a state

(c.g., Spencerport, Ncw York; Portland, Oregon). But, unfortunately, most school

districts do not have such science program suvdort available; therefore, effort and

resources will have to he invested to build capacity in other existing service agencies and

institutions.

The dissemination scheme we suggest it not the only feasiLle one or possibly even

optimal. Our purpose here is to outline some necessary characteristics of an effective

dissemination system, based L, research and experience. The ultimate aim is to utilizes

the resources being deve:oped at the natiGial level to enable local science educators to

select. design, and appropriately use c rplary science teaching and assessment

materials and strategies.

The development and support of good elementary school science teachers is not an

impossible goal. In this report we have law out some grand schemes for its

acbievement, schemes that involve all the players and organizations that will need to

participate it science teaching in the future is to he strong and valued. But we have also

suggested some less grand schemes one:, that take achantage of what we know now

and what others arc doing to make science teaching not only possible. but excellent, in

toda:s's schools. Doubtless, there arc other strategies that wil! work equally well, or even

better, and we must continue to select ;Hid act deliberately so that every child has the

opportunity to learn science.
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