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FOREWORD

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

Education. The Center’s mission is to promote changes in state and local polizies 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 perspcctives 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 supplicd materials, 2nd
made recommendations and suggestions for the text of the report. We wish to tharik
Milbrey McLaughlin of Stanford University, who ac*ed 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 1].S. Department of Education, John Taylor and Wanda Chambers.

Two other panels have produced companion reports on assessment and on curriculum

and instruction. A summary rcport 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 state and district policymake.s and
practitioners, and by guidelines especially tailored for additional audiences including

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

The Center, a partnership between The NETWORK, Inc., of Andover, Massachuscits
and the Biological Sciences Curriculum Study (BSCS) of Colorado Springs, is funded by

the US. Department of Education’s Office of Educational Rescarch and Improvement.
Members of ins Advisory Board are listed in the front of this report. For iurther
information on the Center’s products and work, please contact Senta Raizen, Dirccror,

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




DC 20036, or Susan Loucks-Horsley, Associate Director, National Center for Improving
Science Education, The NETWORK, Inc., 290 South Main Strect, Andover, MA
01810.
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CHAPTER 1. 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
1o decide that the children are ready for a "seed walk."”

The next moming, the students go to a nearby field to collect seeds. Each child,
besides canying a collection bag, wears an adult sock over one shoe and pulled up
1o 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 ine children tally the
number of the different kinds of seeds the group has collected, they develop picture
graphs of the resulls.

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 germination process carefully
and compare the total number of seeds with the number that sprouted by making
“ratioc” sentences. Ms. Lopez invites other children ioc compare sizes of seeds by
outlining the seeds on graph paper and then counting the number of graph squares
each seed covers. The students discover there is a great diversity of sizes and
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shapes in different kinds of secds, and that the same kind of sced 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 se.ds of their choice, including the same sorts of obsenations
they shared earlier in meeting circles. Since students of this age have a range of
“Sentence” writing capatilities, the teacher meets with each child to discuss that
individual’s observations and writing. She uses the journals and evidence jrom the
meetings to monitor the level of understanding the children have of such concepts
as diversity and cycles.

Ms. Lupez’s class spends most of the weck working on this science topic,
incorporating writing and math, as well as inquiry-based science activities. Cther
activities she will do with the children include: a fiction story choui how a native
American girl uses sceds and plants, a gardea song, and drawing the seedlings as
they sprout. Her ‘hematic active learning approach is sinular to that she obsened
and practiced during a year of induction, when she wes coa-hed by a mentor as
she tried her first interdisciplinary unit.

In successive lessons, Ms. Lopez will call groups together and, based on their
explorctions, ask several question-. As she records the responses, Ms. Lopez will
ask the children to clarify their answers. Eventualiy, she will introduce some new
vocabulary information that helps the students 1o reflect on their developing
concepts. Some of the children may not be sure about the new information; they
will need more time to talk about it and do somce additional testing of their ideas
1o help make the new information part of their personal understanding of seeds.
Last year when she did this unit, for example, several youngsters insisted 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
“ent” 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 they
conducted the investigation, and that they now had some additional question.. to
pursue.

Af:er severai weeks of studying seeds, Ms. Lopez recognizes that the children have
learmed a great deal about such science concepts as diversity, life cycles, and
Structure and function. They have becoriz adept “obsenvers” and ask questions of
each other and of Ms. Lopez concermning these developing concepts. Ms. Lopez
knows they will soon be ready to apply these new levels of knowledge and skills to
other science areas. The children wili, 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. Tnis will 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 repor* cards, in conferences with parents, and -- for the class as a whole -- to
Mr. Sandowski, ihe 3rd grade teacher.

L Y
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Scicnee is a way of knowing about, undcrstanding, intcracting with, and appreciating the

natural world, and Ms. Lopcz’s sccond gradcers arc being given ample opportunitics to
do so. Yect such sacnes arc rot characteristic of clementary school scicnee Iessons.
Where Ms. Lopcez begins by probing, qu stioning, and in other ways asscssing thc
undcrstandings her children bring to school, other tecachers assume children come to
school with fcw undcrstandings that will help them Icarn science. Where Ms. Lopez
uscs children’s questions, cxpericnees and initial understandings to adapt and carcfully
structurc hands-on inquiry activitics, other tcachers move lock-step through a serics of
curriculum activitics. Where Ms. Lopcz cncourages a varicty of ways for children to talk
and writc about thcir inquirics, guiding them towards the development of important
concepts, other teachers, cven if they usc hands-on activitics, allow insufficicnt time
cither before or afterwards for children to make meaning of their expericnces. Where
Ms. Lopcz sces scicnee as a coherent sct of concepts and processes for children to know,
that usc language and matnematics skills as tools for cxploring and c¢ mmur.icating,
other tcachers relegate scicnee Iessons to a specific time scgment in the day, rarcly
intcgrating it with other tcaching content.  And finally, where Ms Lopez monitors cach
child’s progress or continual regrouping, differentiated assignincnts, aad a rccord upon
which to basc morc formal assessments, other teachers Icad all children through the
samc cxpericncees and rely heavily on written tests and the demonstration of cffort for

their formal asscssments.

In fact, there is clcar evidence that such scicnce teaching docs not occur in clementary
classrooms, with significant conscquences for both students and our country as a wholc.
Scicnee tcaching consists largely of iecture, with some discussion (Gocdlad, 1984).
Factual infermation, disconnccted from cxperience and concept development, is stressed
in tcaching, in testing, and in thc most commonly uscd curriculum materials -- textbooks
(Bybece ct al., 1989). As a consequence, scicnce Icarning in our country s far below that
in other countrics (Lapointc, Mcad & Phillips, 1989), students do not choosc to take
scicnce courses when they have the option (Mullis & Jenkins, 1988), and the icvel of

scicntific litcracy is far less than nceded to make informed decisions about such issues as

personal health, the cnvironment, and cncrgy usc.




But there is reason to be optimistic. While some say that good tcachers are born, not
made, we believe that the understandings and abilities that teachers such as Ms. Lopcz
have about science and about science teaching are ones that all elementary school
teachers can develop.

it is critically important for a report on scicnce 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 the’~ lcarning? 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 scicnce teachers need to know -- about children’s learning, and
about the science content and instructional stratcgies that best promote that learning.
We ask, "Do clementary 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 tcaching must occur through a look at demographic

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

Since teachers play a primary rolc in creating opportunities and possibilities for lcarning
At the risk of destroying the suspense, we can say with some degrece of certainty that

elementary teachers gencrally do not know enough to tcach science well. Their

knowledge about learning and scicnce is limited, if observations of their teaching ar: any
indication. Conscquently, the chapters in this report discuss the implications for the

prepa.ation of teachers, provision for their ongoing learning and support, and the
organizational policics and practices -- at levels from classroom to federal government --

that are nceded to promote good scicnce teaching.
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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 tise 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 at a 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 cptimal 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 synmetry. Some teaching exaniples at the primary
level are sorting objects or iden:ifying groups of similar animals or plants; at the
intermediate level, recognizing intcraction within and among 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




examplcs arc cxploring diffcrent body systems and describing whole systems such

as toys and machincs.

4. Scalc -- undcrstanding the quantitative variations of matter and cncrgy, both in a
relative and absolutc scnsc. Somc tcaching cxamples arc drawing simplc objccts in
perspective, recognizing the differences in children and adults, and mapping a

small area.

5. Models -- understanding the cssential character of phcnomena of interest through
physical, verbal, or mathcmatical representations. Somc tcaching cxamples are

constructing a graph and differcntiating bctween a modcl and reality.

6. Change -- undcrstanding the naturc of change as cxplanations of phcnomena in the
natural and artificial world. Somc tcaching cxamplcs arc identifying diffcrent

scasons, describing diffcrent lifc cycles, and naming the stages of development.

7. Structure and Function -- understanding the relationship between the way
organisms and objects look (fcel, smcll, sound, taste) and the things they do.
Some teaching cxamples are describing the structurc of an animal or plant,
designing a common objcct, and rccognizing the relationship of structure and

function in humans, buildings, and cnvironments.

distinctive propertics of organisms and objccts, and the variations among them.
Somc tcaching cxamples arc describing different tones of colors and analyzing a

graph of hcights within the class.

8. Discontinuous and Continuous Propertics (Variations) -- understanding the
9. Diversity -- understanding the different types of objects and organisms and the

importancc of maintaining ccological diversity. Somc tcaching cxamples arc
dcvceloping a simplc classification system and investigating a simple ccosystem to

identify the diversity of organisms.




In the scenario above, Ms. Lopez chose her sceds unit to incorporatc many of these
organizing concepts of scicree.  She used instruciional strategics that form a four-stage
learning sequence. They first -- 1) invit.. the students’ participation. Students then have
opportunitics to 2) cxplore, discover, crcate and 3) propose cxplanations and solutions.
They can then 4) take ootion tc apply their new lcarnings. This sequence is grounded in
research on how children learn scicnce. This rescarch comes from severai ficlds of
psychology, among thcm cogn.t ve, social, dcvelopmental, and behavicral, and has
recently becn brought together and applied to school scttings (Champagne, 1987;
Resnick, 1983).

Cognitive psychology has contributed to major idcas in scicnce Icarning. First, in studict
of the ways cxperts solve probiems, rescarchers have discovered that the knowledge and
mental processcs that they call upon are quitc complex. Their knowledge bascs, built
over time, allow them to sce patterns and relationships so they can gencrate efficient
solutions. Furthcrmore, the rescarch poiats out that experts arc not explicitly aware of
the knowlcdge or thinking stratcgics that they usc. These two points imply that

(1) learncrs necd a large amount of expericnce and information to understand new
concepts and apply them in new situations, thus phcnomena must be pursued in depth if
learning is to occur; and (2) lccturcs arc often not the most cffective ways of teaching,
sincc much of the knowledge cxperts have is tacit, they know too much to tcll, and most

arc not awarc of all that nceds to be told (Champagne, 1987).

Anotncr linc of rescarch indicatces that Icarning for novices and experts alike depends in
large part on what the individual alrcady knows. As the knowledge basc becomes

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

Yect another linc of cognitive rescarch -- constructivist theory -- demonsirates that
children often come to school with a sct of deeply held conceptions about how the
natural world works (Helm & Novak, 1983). Somctimes these views form a strong
foundation upon which ncw and claborated concepts can be built. At other times the
child’s conception is an altcrnative to scicntific principles. Lcarning can only o a1 when

the child bccomes awarc of the inconsistencics or unsatisfactory naturce of his or her

prior conceptions of the world and is helped to cither abandon or rcconstruct thesc




conceptions. Tlearly then, tcaching is not as casy as dclivering new information.
Rather, it takes paticnt clucidation over time, sometimes long period of time, with
opportunitics for students 1o surfac. their self-constructed theorics and test them against
cvidence. When that cvidence illustrates that the world diffcrs from their belicfs, they
nced time and many morc cxpericnces which encourage them to make conncections and
to construct new mcanings. The kind of classroom in which this can be done rescmbles
that of Ms. Lopcz: it is flexible, cncourages inquiry, exploration, testing of idcas, and
risk -taking (Harlan, 1985).

Social interaction is a critical part of this Icarning cnvironment, although it is not at all
clear how it contributes to Icarning. While Piaget’s perspective attributes concept
development to intcractions with the physical world, some social psychologists sce social
interactions as a morc powerful influcnce on cognitive growth. As Day, French and Hall
(1985:51) point out, "Cogniti* = abilitics arc (1) socially transmittcd, (2) socially
constraincd, (3) socially nurturcd, and (4) socially cncouraged.” Extensive classroom
research by the Johnsons (1987) and Slavin (1988) docs not take an cither/or stance,
but rather points out the key role social processing of information plays in Icarning. For
them, the optimal classroom cnvironment is onc where active participation by students is
ensurcd through well structured and continuous intcraction with cach other and with

their tcacher.

Another ficld of psychology that contributes to our understanding of scicnce Icarning
and teaching is often forgotten in light of the new rescarch. Bchavioral psychology
suggests that skill development -- such as the development of higher order thinking skills
like lcarning-to-lcarn, problem solving, and scicntific inquiry -- best occurs in an
cnvironment where students can  cxhibit the desired skills and where performance of the
skills is rcfincd by fcedback from the teacher and peers. Student behaviors that
approximatc desirable behavior are rewarded. This common principle from behavioral
Icarning thcory has an important contribution to make to scicnce concept and skill

Icarning (Champagnc, 1987).

The four-stage tcaching modcl, exemplified in Ms. Lopez’s classroom and discusscd at

Iength in our Center’s Curriculum and Instruction rcport (3ybece ct al., 1989), is dcrived
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from these sources of psychology rescarch. Teachers first invite students to learn,
creating opportunities for them to experience new phcnomena, connccting them te what
they already know, and encouraging thcm to confront and articulate their own
conceptions of how those phcnomena work. Students then explore, discover and create,
experimenting with the phenomena in greater depth; they then create explanations --
often using language and mathcmatics -- £ar 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 studcnts’ 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 ihis
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 cxception, lct us consider briefly the changing context
within which Ms. Lopez and her pecrs will have to work. What are changes in the

world that our discussion of good scicnce tcachers will need to incorporatc?

Changing Settings for Science Teaching

Any report that makcs rccommendations for the futurc must incorporatc information on
future trends. Two important trends deserve mention in a report on cducation and, in
particular, science education. Onc is the promise of tcchnology for providing cducators
with tools that can transform the naturc of tcaching by creating cnvironments that
rcadily promote higher level thinking in children and simulate scicntific phenomena that
previously could only be described in the abstract. It is .mpossible -- and, more
important, irresponsible -- to ignore this potential in cfforts to improve scicnce tcaching.

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

studcnt population our public schools scrve. [
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with advanccs in computcr technology (both hardwarc and softwarc), are likcly to extend
the content we arc ablc to tcach in clementary scicnce. Morcover, technology is likely
to make it possible to tcach many concepts to children at carlicr ages than now thought
possible. An cxample describes the marriage of cognitive scicnce and computer

tcchnology for tcaching.

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.

Therc arc many who would arguc that currcnt rescarch in cognitive science, coupled

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 compuer screen in real time. 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
(ie., 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 grade children in a curriculum
segment lasting no more than a week. A typical activity consists of having 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. They
first confer to try to determine what sequence of mo.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 maich what they are trying for, they may simply erase the graph and try again.
When they are satisfied with their production they may obtain a hard copy of it.

At the end of a week of such activities, with appropriate teacner interventior, 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 activitics arc open-ended and are directed at
affecting the way students think about science content (White & Horwitz, 1988).

11




Raizen (1988) has argued that, in addition to creating thesc kinds of new learning

opportunities for students, computers and associated technology can:

«  Remove computational barriers by recording data and performing arithmetic and
algebraic 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 climinates the need to both gather experimental
data and do time-consuming mathematics operations (Linn, ct 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 scquences 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 cmotionally charged, lcarning 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 cxploration, confer with them one-on-onc or in small
groups, and conduct other more situation-specific activitics 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 diffcrent competencics (Cole
& Griffin, 1987). The community can be linked with the school through out-of-school
learming sites; experts from institutions of higher education or industry can be connccted
to the classroom or directly to the 'carner; and schools and individual learners can be
connected to each other. Teachers can bencfit from new access to cach other’s best

ideas as well as those of scientists and scicnce cducators.

While the prospects of technology use for the future are promising, the challenge of
using the advances in ways that cnhance learning arc mauy. For example, although
activitics such as the example given earlier would be tempting to incorporate into

scicnce instruction, it is very important that they not make a curriculum piecemeal
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rather than coherent and compichensive. To make good dccisions, tcachers nced to
understand clearly what science knowlcdge and processes diffcrent applications of
technology can promotc. Tcchnological tools nced to be incorporated into their own
knowledge base, becoming a formal part of their prcparation and carcer-long
development sequence. Technology may casc some of the tasks of tcaching, as noted
above in its individualizing and record-keeping applications. But its usc will further
complicate the carcful decision making that makes science instruction a challenge by
creating more options -- and ones highly motivating and thercfore also potentially
distracting to both students and tcachers -- that need to be incorporated into a

systematic, comprchensive approach to scicnce tcaching and Iearning.

Demographic Projections and Urban Schools

The second trend that must be considered in a report that makc., recommendations for
the future is demographic. Simply statcd, the population of our schools is changing

rapidly and will continuc to. As a consequence, schools of the futurc will have:

+ more children cntering from poverty and single-parcent houscholds
* more children from minority and linguistically diffcrent backgrounds
+ morc children with physical or cmotional handicaps

+ morc children who vcre premature babics, often of tcenage mothers, Icading to
more lcarning difficultics in school

+ rmor¢ children with working mothers (McCunc, 1986).

Whilc these trends indicate that the populations of many schools will change significantly
in the next ten ycars, today’s urban schools alrcady scrve these populations. And few
would arguc that whilc our urban schools arc not mecting their students’ cducational
needs in general, their ability to heip students learn scicnee scems especiaily limited
(Mullis & Jenkins, 1988). Thc very small number of minoritics that work in scicntific
ficlds furthcr suggests that we arc failing to mcct the cducational nced:, of minority

populations with respcct to scicnce.
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For this rcport to be uscful for the future, its recommendations must be applicable to

our currcnt at-risk populations.

Atkin and Raizen (1988:1) view the central challenge of mecting the cducational nceds
of at-risk students as "figuring out what it takes to draw them scriously into schoolwork.”
Whilc othcr students oftcn have successful role odcls, parcents and jobs that motivatce
them to do what is rcquircd, cducation is not a priority for most at-risk students. "Like
cveryone else,” note Atkin and Raizen (1988:1), "at-risk studcnts have low tolcrance for

activitics that arc intrinsically unintcresting and for which th.y scc no purposc.”

Research and cxpcricnee suggest that many of the specific strategics ider “fied in this
recport and in our Center’s Curriculum and Instruction report as good scicnce tcaching
arc preciscly thosc that cnhance Icarning for at-risk students (Bybce ct al., 1989;

Mortimorc ct al.,, 1988). Thc content and instructional stratcgics appropri- : for such

scttings arc thosc described carlicr, with cven more attention to:

« contcnt which is cither culture-free, or draws on the urban environment and
rclates to the daily lives of students outside of school

+ contcnt which provides a view of the ficld of scicnce as more than a white, male
domain through rolc modcls, biographics, and historical perspectives

« contcnt which uses resources outside the school, such as muscums, zoos, gardcns,
hospitals to carich and cxpand .iudents’ cxpericnces, particularly since they arc
Iess likcly to cncounter such informal Icarning opportunitics outside of school than
arc middlc class studcnts (Bcanc, 1985)

- approaches that usc scicnce content as a vehidle for tecaching language and applied
mathcmatics skills, and cncourage a wide range of higher order thinking

* coopcrative Icarning stratcgics, which have significant impact on the achicvement,
motivation, and social skills of minority and poor studcnts (Slavin, 1988)

- cxpericntial and inquiry-bascd instruction, which has impact on cognitive growth,
student academic sclf cuncepts, their sensc of fate control, and the internalizing of
locus of control (Beanc, 1985; Bredderman, 1982)

+ scasitivity to cultural differences between the teacher and students which result in
diffcrent ways of vicwing the n -tural world and of approaching Icarning -- both of
which must influence the cnvironment in which scicnce lcarning occurs.
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Inner city children, like thosc in tomoirow’s schools, have fewer opportunitics to Icarn
scicnce -- through trips to cxhibits and muscums, rcading, and intcractions with
scientifically litcratc adults -- than do the morc advantaged children. Thus the
conscqucencces of not Icarning scicnce in school arc morc scrious. The kind of scicnce

tcaching occurring in Ms. Lopcz’s classroom must beccome commonplace for all children,

for it has all the charactceristics of the list above.

Other Trends to Consider

In addition to thc challenges of technology and changing school populations, tomorrow’s
clementary school tcachers will have to contend with changes in the very nature of
scicnce. The last decade has scen large changes in how scicnce is being done, both its
processes and its increasingly interdisciplinary nature. In addition, the impact of scicnce
on socicty and thc nature of scicnce as a human activity has been the source of much
considcration and dialoguc (Bybee, 1988; Yager, 1984). As our Center’s Curriculum and
Instruction report poinis out, tcchnology has become inscparable from scicnee as onc

considers our changing world and applying our knowlcdge to its problems and nceds.

Thesc trends and thosc discussed carlicr are certain to tax the knowledge, abilitics and
flexibility of cven tcachers fike Ms. Lopcz, and have important implications for teacher

preparatior and opportunitics for their ongoing development.

Tecacher Knowledge and Skills
Do clementary school tcachers currently know what they need 10 teach scicnice?
Lacking an appropriatc mcasurc of tcacher knowledge (Murnanc & Raizen, 1988), we

havc only random indicators that, in fact, many clementary school teachers may lack

such knowledge. The indicators includc:
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+ Survcy data on scicnce courses taken in college. “The National Scicnce Teachers
Association standards rccommend onc coursc cach in biology, physics, and carth
scicnce. Only 31% of K-3 tcachers and 429% of the 4-6 tcachers mect thesc
standards (Wciss, 1987).

+ State coursc rcquircments. Fewer than half the states require clementary tcachers
to takc a coursc in scicnce mcthods (Blank & Espcnshade, 1987).

« Sclf-reported adcquacy to teach science. A 1985-86 survey indicates that, while
82% of elemcntary tcachcers judge themscelves well qualified to tcach rcading, 27%
fccl the samc way about their qualifications to tcach lifc scicnee, and only 15%
fccl qualificd to tcach cither physical or carth'space science (Weiss, 1987).

« Classroom bchavior. Although tcachers report that they use strategics of inquiry
and strcss higher order thinking and concept development, rescarch studics
rcpeatedly show their teaching to be characterized as lecture, with some discussion,
stressing factual lcarning (Goodlad, 1984). |

In his obscrvation of the science teaching of both pre- and in-service clementary

tcachers, Arons (1983:113) notcs that

thc majority usc concrcte rather than formal patterns of rcasoning; they cannot
do arithmetical rcasoning invoiving division. . ., do not control variablcs; thcy
cannot visualizc possiblc outcomes of changes imposcd on a system; their
"knowlcdge™ of science resides exclusively in memorized names and technical
terms, and becausc th ¢y lack adequatc opcrational undcerstanding of these names
and terms, they arc unable to rcason with them in any specific instance.

Thus from a scan of tcachcrs’ coursework, their classroom behkavior, obscrvation s of

their work with scicnee concepts, and their own sclf report, it appcars that many

|

clementary teachers have significant paps in what is nceded 1o teach science. They do l

not know scicncc content, so have limited ability to apply or rcason with basic sc entific

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

well.
4

Beforce turning to ways teachers can be better prepared and supported to teach science

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

rccent explosion of knowledge about Icarning and concept development requires us 10

answcr this question dircctly, since mercly turning back to the indicators mentioned
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carlicr and requiring (1) morc collcge scicnce courses and scicnce methods courses, and
(2) less frontal tcaching and cmphasis on factual icarning will not provide sufficici!

guidancc.

Teachers nced to know both scicnce content and pedagogy to tcach scicnce well.  As
Shulman (1986) argucs, it is not cnough to have good gencric teaching skills; rather,
cach disciplinc rcquirc, its own tcaching stratcgics. Tcachers’ content knowledge as well

as their "pcdagogical content knowledge” arc both of concern.

Andcrsen (1987) responds to this question of teacher pedagogical knowledge in scicn:c
by portraying what hc calls "stratcgic teaching”. Incorporating his vicw with our carlicr

discussion of good scicnce tcaching, we belicve that a teacher nceds to know:

» that scicnce is morc than a sct of facts, ruics, and definitions, and cven morce than
M1

these plus process skilis; rather, it is an attcmp! 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 coriccptual change or developinent requires a preparition phasc,
where students arc invited to Icarn by tapping their own cxpcricnccs, arousing
their intcrest and cxcitement, and cngaging their real world as a way of asscssing
their prior knowlcage; a presentation phase, where students arc given opportunitics
to cxplore, challenge, cnhance or rcconstruct their own conceptions; and an
application phasc, where students take action, using iheir new knowledge by testing
its valuc in a varicty of ways;

+ how to asscmblc and/or rcconstruct print matcrials and activitics so that they
cmphasizc scicntific theories and principles to cxplain the phcnomena in the
natural world and hclp students cxplore and construct ncw understandings;

* the major principles and theorics of life and physical scicnce or ¢nough
undcrstanding of thesc bodics of knowledge to know where to go when more
information is nccded; and

« how to crcatc an cnvironment in which cach studci. is engaged in activitics, with

sourccs of authority, and in communication with other students and the teacher foi
thc expressed purposc of conceptual development.




The remainder of this report suggests an approach to heiping elementary school tecachers

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

Introduction

If, by objective mcasu- > and by the.. own admission, tcachers don’t know much about
scicnce and scicnce tcaching, then their initial and ongoing development takes on
enormous importancc. What docs it look like now, and how must it change to promote

a vision of cffective scicnce tcaching?

Currently, an individual may tcach clementary school having had no or very little
opportunity to Icarn sciencc or scicnce teaching. This is truc of those preparing to tcach
and thosc prescntly tcaching. University, state, and district requircments arc so varicd

that the currcnt low levels of knowledge and skills arc not surprising.

What we refer to as "tcacher development™ -~ conscious attempts to help tcachers or
prospcctive tcachers Icarn what they nced to know -- presently is compartmentalized,
occurring in distinct stages. These stages typically include scicnee coursework;
professional cducation courscwork; clinical cxpcricnces; and inscrvice cducation. What
is taught at cach stagc is the responsibility of different people and institutions (c.g.,
libcral arts and scicnccs faculty, tcacher cducation faculty, district staff developers
and/or curriculum coordinators). There is rarcly cohcrence or continuity across siages
and responsible partics. As a conscquence, there is no once institution or formal
collection of institutions responsible for ensuring that tcachers have the science and
scicnce tcaching knowledge they need- this is lcft to the individual clementary school
tcacher who may be (and probably is) more interested in language development and is
Icast likely to understand the implications of undcr-preparation in scicnce. In addition,
the processes by which teachers arc taught vary from a more "knowledge delivery” mode
(c.g., scicnce courscwork), to a purc modceling mode (c.g., student tcaching). Somc

stages combinc Icarning processes, for example, in a professional cducation course or an

inscrvice workshop, tcachers may be given new knowledge, which they then observe in




use, then practice themselves. But the acquisition of new knowledge and its application

to teaching are most often separated.

Finally, it is assumed that tcachers are capable of taking full responsibility for the
classroom when they are certified to tcach. This is typically at the end of their

preservice preparation.

Because teacher development efforts have traditionally had these characteristics, few
tecacheis are prepared to teach students well at the time they become fully responsible
for a class. The beginning teacher attrition rate is cnormous. Further, once they are
hired as teachers, their continued professional development is largely learning by doing.
The more formal opportunities for learning arc 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 cffort.

While the current approach to teacher development is problematic for teachers in
general, the conscquences for developing good elementary school scicnse teachers are
most dismal. Science coursework is limited; professional education courses include. 2t
best, onc course in scicnce pedagogy; only concidentally docs a clinical experience occur
with a model science teacher; and inservice offerings in scicnce arc most often attended

by teachers already skilled in science teaching.

Although the last several years have seen rencwed cfforts to improve teacher cducation
in general, we belicve that a new approach is necded to improve the capabilitics of
clementary teachers for science teaching. At a general level, this approach docs not
differentiate scicnce teacher training from the development of clementary teachers as a
whole. As the report progresses we indicate arcas particularly relating to science. We
should also note that our current discussion is of the preparation of all teachers to tcach
science. A discussion of science specialists appears later, although, cven when specialists
arc used, regu.ar teachers need a basic understanding of science teaching and of ways to

integrate science into their own responsibilities.

20
25




The approach we proposc has five characteristics. First, tcacher development needs to
be viewed as on a continuum rather than in distinct stages. The continuum includes
what is now undergraduate preparation, continucs 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 rencws what

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

Second, the process of teacher development should incorporate a the-ry of Icarning that
mirrors that of student learning. We noted in the previous chapter the constructivist
views on learning. Like all learners, teachers nced to construct their own knowledge
and theory of science learning that is developmental and that is based on experience,
reflection, interaction with others, and cxposure to effective teaching models. This

mcans that current tcaching strategies must change, from science coursework through

inservice opportunities.

Third, therc should be much more overlap between campus and field instruction in
tcacher development, with a gradual shift of primary responsibility to the ficld. As
teachers require more and morc 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 nced increases for strategics to teach, they nced 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 structurcs 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 agencics,
teachers’ associations) is no longer an option, but a requircment. Teacher development
nceds to be a joint responsibility. Not only do they need to have close working
relationships with clear understandings of how responsibilitics will be shared, but they
need to change simultancously, 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, thc development and ongoing support of teachers nceds to exemplify a norm of
continuous learning. The vision of schools as Icarning communitics fo both the adults
and chifdrcn within them can only be supported if tcachers belicve that they themselves
are learncrs. The best kind of tcacher development helps tcachers live this norm so that

they can model it for their children.

The Need for Expericential Learning

Experiential Icarning is the key to tcacher development approaches with these
characteristics. Creating opportunitics and cnvironments in which it can occur requires
undcrstanding and attending to the developmental naturc of tcachers’” knowledge, skills
and fcelings. Learning rescarch suggests that, without an cxpcrience basc upon which to
develop personal meanings, concepts and principles arc not Icarncd. This is truc for
learning science, learning about Icarning, and Icarning about tcaching roviding
opportunitics to devclop, claboratc, and somcetimes change, prospective tcachers’
personal mcanings for conccepts of scicnce, Icarning, and tcaching is the primary

challcnge for tcacher cducators at all stages.

Teachers devclop affectively as well as cognitively, and cxpericntial learning approachces
attend to these nceds as well. Fuller’s (1969) rescarch indicates that prospective
teachers devclop in their concerns about tcaching from very sclf-related issucs, to
conccrns about how to get the task of tcaching donc most cffectively, and finally to
conccrns about how their students arc faring. The implication of this rescarch is that, as
individuals approach, bcgin, and continuc their tecaching carcers, they nced opportunitics
to resolve thcir earlicr concerns so that !ater oncs can cmerge. To do so they need
many carlicr and diffcrent kinds of cxpericnces with matcrials and in scttings such as
schools and classrooms so thecy can feel increasingly more comfortable and morc

competent with content and with the challenecs of teaching.

Thus both cognitive and psychological rescarch undergird the nced for expericntial
lcarning opportunitics at cvery stage of tcacher development. In science courses this
mcans investigating phenomena much as scicntists do. In child development and

lcarning courses it mcans spending time obscrving and working onc-on-onc with
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children. And in the study of pcdagogy, it mcans a considcrablc amount of time spent

in school scttings.

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

sctting, and in approach throughout the teacher preparation and inscrvice scquence.

Thc Phases of Teacher Development

While we are committed to much greater coherence and connection among the
componcnts of a tcacher development scquence, there nonctheless appear to be phases
of development that have distinguishing characteristics. In the early phasc teachers arc
typically studcnts in universitics. Their primary aims during this phase should be
developing a strong background in the libcral arts and an understanding of children and
their development. In the middic phasc the emphasis is on teaching. Hcre the aim is to
devclop and practice the knowledge and skills nceded to teach a class cf children in a
competent and comfortable way. Finally, the later phasc involves expericnced teachers
in the updating and rcnewal of their capabilitics to tcach children and assume other

educational responsibilitics as well.

We think that the timce spent in cach phasc should and will vary. This is partly becausc
teacher devclopment is a proccss that, if donc in an optimal way, should be flexible,
depenaing on the nceds and progress of the individual tcacher. So a given program
should havc its own flexibility. Further, there arc currently a number of different
sccnarios being proposed and tested for the development of teachers, and there are as
yct no strong data to support the strength of any onc scenario over any other. For
cxample, therc arc thosc who arguc for a four-ycar liberal arts degree before beginning
the professional scquence (Carncgic Forum, 1986). Others arguc for programs lasting
fivec or morc ycars which incorporatc a liberal arts degree, professional certification, and
oftcn a mastcrs degree as well (Holmes Group, 1986). Half-ycar and full-ycar
intcrnships arc both common, as are onc- and two-ycar induction programs. In addition,
alternative certification programs arc preparing people with bachclor degrees and work
experience to tcach through various approachces, including intcnsive summer institutes

and/or after-school scminars.
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Our vision of an optimal tcacher development scquence, while flexible, docs have some
paramcters. It makes scnsc that an carly development phase that focuscs on libcral arts
and child development should take between three and four years. The middic phase
with tcaching as its focus should have one to two years with full supcrvision (i.c., before
certification) and onc to two years of support once hired, even provisionally, as a
tcacher. Thus our vision ranges from a timc allocation that is fairly traditionai (i.e, four
years undergraduate, but with at Icast onc year of supportcd induction for the first year
tcacher) to the more extremce vision of a five-year professional sequence plus two

additional ycars of supportcd induction.

We do not support the call for an abbreviated preparation period for clementary scicree
tcachers; the reason will be clear in our discussion of what nceds to be in a program.
There is simply too much that tcachers of clementary school scicnce need to know to
makc non-teachers into teachers overright, regardless of their qualifications. We also
doubt the cfficacy of a program that has all of what would traditionally b¢c known as
"teacher cducation” in a singlc (fifth] ycar. This is for thc samec rcason: there is simply

too much to Icarn.
The actual choice of how many ycars should be invesicd in the carly and middlc phascs
of tcacher development should depend on (1) cvidence from the current experiments,

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

We belicve that these arc the charactceristics of good clementary school tcacher

dcvelopment programs. But where docs scicnce come in?  First, through a tcacher

development program that gives scicnee the ecmphasis it descrves in clementary

cducation, i.c., puts it on cqual footing with language and mathcmatics. Sincc ncither

tcachers nor districts give high priority to scicnce (Bybcec ct al., 1989), tcacher

development efforts nced to cnsurc that clementary tcachers arc groundced in not only

the knowledge and skills nceded to teach scicnee, but the conviction of its importance as

a basic.




In actuality, elementary schools have two clear options “»r promoting science learning.
One is to have every tcacher prepared and then continually supported to teacl: 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 noie that this appears to be a viable

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

such specialists at a later point.

Early Phase of Teacher Devclopment:

Learning about Science and Children

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

to teach science, this early phase should include:

+ a major in a discipline, although not nccessarily science;

+ coursework in onc 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 simultancously
experiential and theory-based, and to the influence of cultura! and community
differences on learning and teaching.

A Major in_a Discipline

One of the problems with many current teacher preparation progr .1y is that teachers
major in elementary cducation, rather than in a disciptinc. As the report of the Holmes
Group (1986:14-15) notes,

For clementary teachers, this degree has too often become a substitute for learning
any academic subject decply enough to teach it well. These teachers are certified
to teach all things to all children. But few of them know much about anything,
because they arc 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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Aruitoxt provided by Eic:

Students majoring in clementary cducation take courscs from a aumber of disciplines
and do not come to undcrstand the naturc of a discipline -- its mcthods, products,
relatiorship to socicty and to other disciplines. It is then 110 surprisc that, when faced
with teaching physical science, for ¢xample, they do net understand that there are major
principies of physical scicnce that should help them organize their curriculum so that
children will develop conceptual undcerstanding. The premisc underlying this
rccommmendation is that if = tcacher majors in a discipling, i.c., takes a largc numbcer of
courses that cncompass the breadth and depth of a body of knowledge, cven if that
major is in history 0i c¢ nomics, ther how to organize the content of sc cncc iastruction

would be more infoined (Charapagne, personal commuunication, 4 ,april 1989).

While there arc traditional prograns in @ major, there arc other kinds of programs that

achicve the same outcomes.

An exampee from th. Camedie Report (1986V illustrates that sucli bre. lth and depth
can be moic than merely acquiring a iorge ouncher of credi. fiours in one subject.
Biciugy nmors 20 Swanford Usaveniy encounter an interdisciplinary program staffed by
professors of L, psychiatry, anthripotagy, geologr, geneiics. rasiiology, cliemistry,
sociotogy. o .1 Loy, to naine a few. It differs fiom otrer itcrdaiscipunary siograms
i ikat it discowrages dabbling. Ravher. wivdients stidy o particular field in-depih,
apply therr knowledge 1 practical probleins, and, during «n inde-ishing figve ain
opporiunity 1o contribie to cegeivg wirk v the field.

Beginning with coursework thut exposce t2m to the central wicas in the natural and
social sciences, students thien tuke a:ivaeced conises in an area of special interest.
Their curriculum is grounded in statisiics and the fundamentals of public policy. It
provides opportunities for inuellectual engagement over time and for testing their
knowlvdge by applying it to real problems or situations.

Onc could imaginc that an clementary school tcacher with such an undergraduate
prcparation program -- whether or not in a scicnce discipline -- would come to tcaching

with a rich undcrstanding of Icarning and a sound respect for knowledge.

Well Presented and Creanized Scicnee Content

Our previous point about majoring in any discipline did not mean to imply that tcachers
do not nced knowledge of scicnce to teach it well. Indeed, we belicve they should have

scveral scicnce courses as part of their undergraduate cducation. The NSTA
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rccommends onc course in cach: life, physical and carth scicnce. Others (Champagne,
pcrsonal cornmunication, 4 April, 1989) rccommend at Icast two courses in onc scicnce
(biology, chemistry or physics), preferably with cxposure to otk cicinces as well. This
is bccause scicnce is a special kind of discipline, with its own co 1t and ways of
thinking. As notcd by Andcrson and Smith (1987), tcachers nced answers to the
qucstions: What is spccial about scicntific knowledge? What aspects of scicntific
thinking arc like our common scnsc thinking? What arc diffcrent? What are the basic

conccptualizations upon which knowlcdge in a scientific disciplinc arc built?

But do current scicnce courscs answer these questions? Typically no. Rather, university
scicnce courses organize their disciplinc around a sct of facts and principles, and do not

addrcss morc cpistcmological or historical questions such as thesc.

The implication, then, is that, whilc tcachers nced to take courscs in scicnce, they arc
not the courscs that arc currcntly being offered (Yager & Penick, in press). As Arons
(1983:94) points out:

To dcvclop a genuine nndcerstanding of concepts and theorics, the college student,
no lcss than the clementary school child, must cngage in intcnsc deductive and
inductive mcntal activity coupled with intcrpretation of personal obscrvation and
cxpericnces.  Unfortunatcly, such activity takes place in only a handful of passive
listencrs, but it can be cnhanced, nurturcd, and developed in the majority,
provided it is cxpericntially rooted and not too rapidly paccd.

Thc best kind of scicnce courses would;

+ tcach scicnce in the way that it is practiced, pursuing rcal questions about the
natural world, and incorporating investigative mcthods with knowledge of the
important facts and corcepts of the disciplinc

+ be interdisciplinary in that they relate their particular ficld to related ficlds (c.g., a
chemistry course would bring in physics, math, biology)

+ ground thc disciplinc in its philosophical assumptions and historical context

+ hclp students relate the content to socictal issucs (Champagne, personal
communication, 4 April 1989).

A
D
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A coursc that had thesc fcatures would:

spend rclatively morce time on fewer concepts than traditional courscs, and, as
Arons (1983:97) says, "back off, slow up, cover lcss, and give students a chancc to
follow and absorb thc devclopment of a small number of major scicntific ideas at a
volume and pace that make their knowledge operative rather than declarative”

require close collaboration with professors of other disciplines, including thosc
outside the natural sciences (c.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 scicnce, they have
the necessary data base and skills to access it.

An illustration of such a course is the introc'uctorv geology course at Carleton College
in Northfield, Minnesota. Its goal is for students to act as scientists and perceive
s~ience 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 ur 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 cxample is not onc of a coursc cntitled Scicnce for Non-Scicnce Majors

or Sciencc for Elcmentary Tcachers. It describes a fundamental course in a scicnce that

is available to all, majors and non-majors alikc. It accommodatcs the criticism of survey

courscs which cmphasize brcadth rather than depth in terms of what teachers nced to

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

insight into thc major achicvements of science, have little impact on students. Further,

courses with the titles noted above arc notorious for their rcputations as courscs for the

Iess intclligent, and, while in and of themsclves thcey may be intcllcctually challenging,

they lack a broad spectrum of students, some of whom can clevate the Ievel of ‘iscourse

in the class.




At Alverno College, students participate in an integrated science laboratory that taies
a developmental, constructivist approach to helping students learn science principles in
depth. Students’ initial lean.ing experiences

“focus on observing phenomena and making inferences about mechanics and energy.
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 territory unexplored, and cften 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 try out new knowledge (Loacker et al., 1984:53)."

An Expericntial and Thcory-Based Introduction to
Child Devclopment and the School Context

As noted by Andcrson and Smith (1987), tcachers arc not always awarc of the
conceptions of thc world that children have coastructed for themsclves, nor, oftentimes,
of the fact that childrcn cven have these conceptions. While these particular authors
havc focuscd their work on developing conceptions of scicnce, sufficicnt work has been
donc in other arcas, such as language and mathcmatics, to indicatc that there arc
important commonalitics. A coursc in child Icarning and development would provide
thc opportunity for prescrvice tcachers to obscrve and probe children’s conceptions in
and across scvcral content arcas. They would then Icarn developmental theory to help

cxplain and put somc structurc on their obscrvations.

In a similar way, prescrvice tcachers nced to be introduced to the contextual factors that
make schools the social organizations that they arc through cxpericnces that they can
then relate to theorics and conc pts. How arc schools organized? How docs this
organization influcncc the lives of tcachers and children? What influences do

community factors such as wcalth and valucs have? What influence docs the political
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cnvironment have? What arc various sccnarios for change in the organization and

structurc of schools that scck 'o optimize the positive influcnee of these factors?

These Iearnings about child development and schools as organizations nccessarily nced
to be simuitancously cxpcricntial and the )ry-bascd for scveral reasons. First, whilc
there arc sound theory bascs for both, without cxpcricnee upon which to devclop
pcrsonal mcanings, prospective teachers cannot rcally Icarn the concepts and principles.
It is important to apply this undcrstanding to the Icarning of students in a tcacher

prcparation program as wcll as to the children they arc preparing to tcach.

While many prospcctive tcachers have spent time with children, they typically have not
focuscd that timc on gaining an undcrstanding of how children lcarn. Further, they have
only thecir own cxpericnces in classrooms, i.c., those of being a student, to provide
understandings of the social context of schools. Thus before preservice teachers arc
introduced to thcorics of Icarning and social context they nced highly structured
opportunitics to obscrve and work dircctly with children of different ages, within
differcnt Kinds of activitics that promote different kinds of learning; and they need
opportuaitics to cxplore and probe the cnvironment of schools -- both the internal

cnvironments and thc communitics in which they exist.

Only with this kind of expcricnee basc can prescrviee teachers begin to relate to
rcscarch on Icarning and schooling. Thcorics take on meaning as they provide a useful

framcwork for the students’ obscrvations and cxpcricnces.

An illustration of such a child development course comes from Wheelock College
where a two-semester Human Growth and Development course 1s complemented by
field work in which students spent one-half day a week with children. Guided
observations and joumals help students articulate the developmental theory learned n
campus with observed behavior. Relationships between theoretical and practical
knowledge are considered in small tutorial mectings.

To illustratc a coursc 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 leanung by giving
them opportunities to reflect on the environments in which children grow and leam.
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This is particularly important in their setting, where an emphasis is placed n
preparing students to teach in urban and timited English speaking communities.

In the first hours of their program, students complete detailed community study
projects that take diem into the residential and business areas surrounding selected
Houston area schools. As they complete the tasks within the project, thev meet and
interview parent., policy workers, librarians, real estate agents, and others. They
observe living conditions, recreational opportunities, and identife corimunity support
services. These projects stimulate questions about community factors that might affect
students’ attitudes and performance in school.

A second project focuses on school ccatexts and their influence on the practice of
teaching. Students are introduced to research on effective schouls with a particular
emphasis on the role of the principal (or other instructional leaders) in creoting 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 raisz 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:

[ never gave it much thought that 1 would be teaching students who don't get three
balanced meals and nice, warm clothes in winter... [ didn't ;"ink of the fact that |
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 | hope I'm reaay
for vhatever tum I take (Waxman et al., 1988:4).

Middic Phasc of Tcacher Development:

Lcarning About Scicnce Tceaching

This phasc of tcacher development focuses on teaching. It is here that the prescrvice
teacher moves trom an understanding of children and their development to the wavs a
tcacher can foster that development within the context of the classroom and the school.
For elemcntary teachers, we include attention to scicnce as a content arca.  This phasc

includes:

+ dcvelepment of a repertoire of teaching strategies that apply knowledge of content,
including scicnec, and of child Icarning and cvclopment;
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opportunities to practice thesc tcaching stratcgics with guidancce and fecdback in
situations that gradually change from the more ideal, one-child, low constraint
situations to those of the real classroom;

+ special attcntion to content areas, in particular, for the purposcs of this rcport, to
science teaching and matcrials;

« assumption of classroom responsibilitics under supcrvision, also known as studcnt
teaching or intcrnship; and

+ supported induction activitics.

Activities throughout this phase require opportunities for intcnsive, cxemplary
experiences in classroom settings where theoretical constructions can be integrated into
the real world. Twenty years ago it was typical to kccp a studeni on campus until the
last semester of preparation: student teaching. Now it is becoming incrcasingly
common to see a course sequence that incorporatcs experiences in classrooms from the
beginning. We bcgan to do so in the child development course described in the early
phase. However, a fully integratcd preparation program is far more than pcriodic
opportunities to obscrve and try out ncw idcas in classrooms. It is designed conccptually
to provide studcnts opportunitics to answer the questions of most rclevance to them as
those questions emergc, to icarn conccptual framceworks when their expericm ¢ basc is
large enough for such frameworks to be uscful, and to sce and cxpcerience cxemplary

teaching and learning.

In the middle phasc of tcacher deveiopment prescrvice tcachers integrate and apply
their learnings about subjcct arcas including scicnce, children. and schools tc creating
learning cxpcricnces for children. They move from onc-on-onc cxpericneces that help
them fcel r - re comfortable about what children arc like, to mastcring small group
tcaciing stratcgics, to taking full and Icgal responsibility for a classroom of children

under the helpful guidancc of a menor.

What kind of a sctting can afford such ’opportunitics? Not just any clecmentary
classroom, not in today’s schools. This is particularly truc in tcrm. of providing modecls
of science teaching and Icarning. Unfortunatcly, there are too few Ms. Lopcez’s.

Thercfore the concepts of clinical classrooms and professional development schools take




on critical importance (Holmes Group, 1986; Schicchty, 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 scttings and expcriences for preservice tcachers. 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 pracuce 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 full-time in classrooms and are included wn every facet of
the school day. Ir. addition, they take two courses per semester.

Classroom teachers play a major role in training the intems; 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 teain having control over time and
individual teaching assignments. This provides the flexibility to accomplish several
goals, including botk pupil and teacher leaming, with a variety of possible staff roles.
It also models for intems the kinds of collegiality and restructured teaching and
learning environments that may characterize schools in the future.

Development of a Repertoire of Teaching Strategics

There are two possible scenarios for © component. They differ in specification of
content. In the first, tcaching stratcgic .rc introducced and applicd across a varicty of
content areas.  For example, coopcerative lcarning is Icarned and used to teach science,
language and math content. This is bascd on the assumption that there arc some
common tcaching strategics and some gencralizability across content. It requires that
the instructor be versed in all content arcas and sclect or help prospective teachers

sclect relevant tcaching cxamplcs.

In another scenario there would not be trcatment of generic tcaching stratcgics. Rathcr,
instructors for cach contcnt arca would sclect and teach thosc stratcgics most uscful to
their content, coordinating with others so the prospective teacher expericnces some

coherence across content arca:. The argumert for this approach is that there is limited
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transfer of carning across content arcas, that certain strategics arc morc important than
othcrs in somc content arcas, and that stratcgics need adaptations for different subject

arcas.

Whichcver scenario is chosen, it is important that rclevant content be embedded in the
development of cvery tcaching stratcgy. To illustrate, it would not be appropriate to
modcl a coopcrative Icarning stratcgy, as has becen done repeatedly at a well-regarded
university, by asking cach pcrson to bring his or her favorite recipe for chocolate chip
cookics, with thc assignment of coopcratively developing a single recipe. A morc
content-cmbedded assignment would be to give the group carthworms and ask them to
gencrate guestions about the charactceristics of living things using the worms und then

testing their idcas.

This componcnt of tcacher development addresses the question: What is good tcaching?
Although there is debatc about this in somce arcas. we have dcefined it for scicnce.

Whilc it is tcmpting to answcr this question through a scrics of training scssions in
cffective tcaching stratzgics, prescrvice teachers first need to sce exemplary tcaching first
hand. Thcy nced to conduct structurcd observations of a varicty of tcaching stratcgics
so they undcerstand what tcachers do that results in different kinds of behaviors in their

children.

Once preservice teachers have a rich expericnce base and can recognize good teaching,
a training scqucnee {(Joyce & Showers, 1988) can help them develop the knowiedge and
skills thcy nced to master different strategics. Rescarch on teaching car indeed provide
a starting list of stratcgics uscful to teachers for teaching scicnce. including inquiry-based
instruction, coopcrative Icarning, questioning techniques, discussion and presentation
stratcgics, classroom organization and management. motivation, and asscssment
approaches. A discussion of the thecory and rationale lor the strategics should be
followed by a demonstration, cither in the classroom or using vidcotapes. The strategy
should bc practiced with tecdback in a non-classroom sctting, then in a classroom with

onc <hild or a small group of chiidren, with coaching (Joyce & Showcers, 1988). Because

the Key to good tcaching is making appropriate decisions about when and how to use




which stratcgy (Saphicr & Gower, 1982), discussions should follow that consider how

each stratcgy might bc uscd.

Special Attention to Science Tcaching and Matcrials

Whether or not the study of tcaching strategics focuses cxclusively on science, there is
nced to spend time helping prospective teachers pull together their various Icarnings in
order to walk into a classroom and tcach scicnce. Particularly important is the question,

"What scicnce do I tcach?”

Responding to this qucstion involves helping prospective teachers articulate the goals for
scicnce in clementary gradcs, undcrstanding the issucs of content and process, breadth
vs. depth, cte. They then can be helped to use the organizing concepts described in our
Center’s Curriculum and Instruction report and fisted in the first chapter of this report
to consider the scicnee content and processes learned in their carly science courscs, so
that an appropriatc sct of lcarning activitics can be designed for children  This is not to
suggest that prospective tcachers will be encouraged to develop all their own naaterials,
but rather to build & framework that guidcs the sclection of matcrials. They need to scc
and actually do activitics from a varicty of sources. For cxamp'e, cxisting programs such
as SCIS (now availablc as SCIIS) and ESS havc a scope and scquence and hand-on
activitics that reflect 2!l of the organizing concepts.  Activitics fror these programs, in
addition to those from othcr NSF-funded curricula of the past two deczdcs, have been
collected, indexed, ard captured on the CD-ROM Scicnee Helper, curreatly under
development by Mary Budd Rowce at the University of Florida, with support from the
National Scicnce Foundation. Prospective tcachers can also explore the clementary
science programs that arc in the National Diffusion Network, such as Life Lab and
FAST (Lewis, 1988), and thosc dis*rict programs dcscribed in the NSTA's Focus on
Exccllence (Penick, 1983; Penick & Bame, 1988). Also, the newly funded NSF
clementary scicnce curricula offer teachers new approaches to scicnee cducation that
incorporaie a "hands-on, minds-on" dimcnsion with ivchnology and conncctions to
socicty (Bybec, 1988). Whilc still in their development stages, these programs’ formats,

approachcs, and matcrials form uscful study matcrial for scicnee teachers.

35 44




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 seguence, 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 tcaching. Prospective teachers need
opportunities to observe and analyze science lessons; try some activitics 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 Northem 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, th. program has
a constructivist orientation, influenced strongly by the work of Piaget and more recent
cognitive psychologists. If children build iheir 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 elem entary
school science and mathematics.

The science and mathematics meihods 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 learming 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 ciassrooms of cooperating
local schools, in the UNC Laboratory School, and in UNC class sessions (Heikkinen
& McDevitt, 1987).

Assumption of Classroom_Responsibilitics, 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
expericnce, two features are critical: the gradual assumption of increasingly more
classroom responsibilitics, with intense coachiag; and a placement where exemplary
practice is continually modeled and discussed. The difference between the typical
student teaching expcrience and the one envisioned is that, while traditional student
teaching has emphasized modcling and mimicking, a m rc effective form adds thoughtful
trial, examination and interaction around the cxperience. And, for the purposes of this

report, the expericnce gives sufficient attention to scicnce teaching.

The first feature has traditionally been part of siudent tcaching, although the nature and
intensity of coaching have varied widcly. Prospective teachers nced opportunitics to try
out their knowledge and skills, beginning with low-risk, fairly uncompiicated assignments
with few childrea (although these may be dispensed with if such ficld expericnces have
preceded student teaching), and finally expcricncing full-day, full-time tcaching
assignments. A university supervisor partnering with coopcrating teachers can provide
an important link bctween earlicr Icarnings and current tcaching assignments through

such vehicles as weekly seminars.

To illustrate, Wynn (1988) describes weekly three-hour seminars at Floride Southern
College that provide support for teacher interns. The seminars are struciured 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 sccond feature <ritical to a successful internship is the opportunity to work with and
obscrve an cxemplary, supportive tcacher. It is well known that teachers look back on
their student teaching as the most important cxpericnce in their preparation program
(Lortie, 1975); further, student tcachers modci their tcaching after the cooperating
tcachers. Bccausc this is such a kcy cxpericnce, it is impcrative that clementary inteins
observe and discuss good scicnce tcaching with somconc who both docs it well and is
committed to it. Otherwisc, they arc unlikely to tcach scicnce well when they become

teachcrs.

Coopcrating tcachers must not only demonstrate good scicnce teaching, they must also
be able to articulate what they ave doing and providc appropriatc supcrvision to the
intern. This requirces training. since good tcachers of children arc not always good
tcachers of adults. Training in clinical supcrvision enhances a coopcerating tcacner’s

ability to communicatc what good tcaching is and how an intcrn can improve.

To illustrate, the University of New Hampskhire, in collaboration with the neighboring
school districts, provides special training to teachers who supervise their fifth year
intems. Teachers leam about the stages of adult development, develop skills in a
number of supervision strategies and then practice matching the ctrategy lo the stage(s)
of development of their intems. This approach encourages teachers to be both
thoughtful and systematic in their interactions with intems, resulting in a far more
intense leaming expenence fv. both intern and cooperating teacher (Oja, 1988).

Supported Induction Activitics

The first year of tcaching is the most difficult, duc, in large part, to the assumption that
certification as a teacher brings with it mastery of all the tasks of tcaching. Rarcly is
that assumption truc today. But it would likcly not cven be truc if the expericnces
which have preceded it are like those we have described in this scction. Teaching,
cspecially clementary teaching, 15 simply too complicated, and cvery school is a new

organizational sctting that nceds to be understood and rcckoned with.

As cducators recognize these issucs, induction programs are becoming more common.

Twenty-two states have recently institited induction programs for beginning teachers
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(Capper, 1988), and cven where they are not mandated, many school districts are

devcloping them.
Good induction programs havec:

1. Well chosen, well traincd mentor teachers who are both modcls of good ieaching
and supportive adults, the samc characteristics discusscd in the previous scction.
They help oricnt new teachers to the norms of the school environment, kcceping

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 tcachers to obscrve their mentors as
for their mentors to obscrve them. And time for processing the obscrvations,
articulating conccrns and crgaging in mutual problem solving must be a legitimate

part of both tcachers’ work.

3. Assignments for beginning tcachers that arc not the most difficu’t nor the most
compicx. Often new tcachers get teaching assignments that veteran tcachers do
not want: the most difficult children, for example. A good induction program
recognizes the need for a new teacher to master teaching during that first ycar or

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

Many induction programs cstablish a sct of indicators or cxpectations for ncw teachers
and use somc form of asscssment to measurc growth and mastery. Some incorporate
test of research-bascd teaching skills, such as that used by the Kansas Intcrnship
Program (Burry ct al., 1988) and the Connccticut Statc Department’s Beginning
Educators Support and Training Program. Others usc a pancl of cxperts (scicnce
tcachers and scicnce cducators), to whom the beginning teacher presents a portfolio of

his/her work, including vidcotapes, *nd talks through tcaching activitics (Collins, 1989).

Good induction programs arc critical for good science tcaching becausce they reinforce
ncw teachers’ inquiry-bascd tcaching strategics, and help them choosc appronriate

curricula, sct up sufficicnt routincs, and feel comfortable with their tcaching. They also
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rcinforce the norm of continuous Icarning so that the tcachers naturally scck morc and

diversc ways to grow and rcnew their tcaching.

Since good science tcaching is so scarcc now, onc might think about a ncw tcacher
having an ovcrall mentor, with an cxemplary teacher of scicnce assisting in just the arca
of scicncc. With crcative assignments, a scicnce mentor might assist more than onc ncw

tcacher in thc onc content arca.

Latcr Phasc of Tcacher Development:

Staff Development for Expcericneed Teachers

If all clementary school teachers had had the learring oppoitunitics just described, this
scction would be shorter -- confined to discussing ways to help them renew and refresh
their knowledge and skills throughout their tcaching carcer. In fact, fcw current
tcachers have had such preparation, and so much of what was discusscd carlicr is
cqually rclevant to staff dcvclopmcntl for inscrvice tcachers. Staff development
opportunitics must address the needs of tecachers from those with litt.e or no knowledge

of scicnce or scicnee teaching, to thosc who arc cxperts in both.

Good staff development programs for scicnee tcaching incorporate (1) knowledge about
science, science learning, and scicnce teacning; (2) strategics that help tcachers develop
and incorporate ti:at knowledge into their tcaching; and (3) structurcs that involve
teachers in decisions about their learning and create an cnvironment in which new

knowlcdge is supported and renewed.

While the knowledge needed by teachers in service @ ,es not differ frem that discussed
for oreservice, the change in teachers’ employment situations (i.c., they are now full-time

tcachcers) requires somewhat different structurcs and strategics to promote their Icarning.

'Staff development as a concept s rapidly replacing the narr swer inscrvice
cducation, and because we prefer this broader connotation, we will usc the term instcad
of inscrvicc throughout this report.

40

w




Staff Development Strategics

Opportunitics teachers have to renew their knowledge are typically cither inscrvice
workshops that arc rclatively short and onc-shot, or university courscwork that is highly
theoretical. Both arc apart from the context of their classroom and school. Somc
teachers rcmember the NSF-sponsorcd institutes of & decade or more ago, which were
long, intcnsc, and mixed theory and practicc. But these too suffcred from being apart
from the teachcr’s home context. Nonc of these approaches to staff development are

optimal for Icarning and using ncw knowlcdge.

Loucks-Horslcy and her associates (1987) rcport that staff development programs that
result in meaningful changcs in teachers’ behavior have certain common characteristics.
Among othcr things, thcy allow for intcnsc study of and cngagement with the new
knowlcdge or skill over time, with time io practicc and work through, w.th others, the
problcms of implementation. This combination of thcory and application, time to reflect
and practicc, sclf study and coopcrative Icarning, rarcly is found in thc morc traditional

inservicc workshops, college courscs, or cven the carly NSF institutcs.

A modcl of the change proccess that has influcnced many staff developers in their design
of spccific stratcgics is the Concerns-Bascd Adoption Model (CBAM) (Hall & Loucks,
1978). The model describes the process individuals expericnce as they arc introduccd to
and implcment new practices and programs. Scven Stages of Concern arc identificd that
progress from individuals’ concerns about what the program is and how it will affect
them ("sclf"conccerns), to how they will master all the time, matcerial, and coordination
dcmands ("task"conccrns) to how the students arc responding  impact” conccrns).

Staff devclopment strategics chat address tcachers’ concerns as they emerge have been
cffective in nclping tcachers change their practice, in scicnce as well as other a ca
(Loucks & Pratt, 1979).

Sparks and Loucks-Horsley (in press) identify five models of staff development tht a2

quite diffcrent onc from another, but that cach have these necessary characteristics,

The modcls arc: training, obscrvation and asscssment, inquiry, curriculum and j.1ogiam

dcvclopment, and individually guided staff development. There is some overlap between
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thc modcls and so onc could in fact incorporate featuics of cach in a comprechensive
staff development program for scicnce cducation. However, the models also offer
altcrnative approaches that can be choscn among, depending on the individual

tcacher(s) and the context.

Training. The training modecl is most frequently cquated with staff development and it
is also the best studicd; there arc clear indications that its usc can result in
demonstrable changes in students (Joyce & Showers, 1988). The model includes (1)
devclopment of the theory and rationale behind the new behaviors to be Iearned; (2)
dcmonstration or modcling; {3) practice in the training sctting; and (4) guided practice

in the ficld with fecdback on performance.

In Jefferson County, Colorado, elementary teachers received training in the district’s
inquiry-based science curriculum through severa/ 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, leamed about plans for insenice workshops, and had ample opportunitics 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 schou! problem-
soiving scssions, were available to conduct classroom demonstrations, and in othcr
ways supported the use of the new curriculum in the schools (Loucks & Pratt, 1979).

Obscrvation and Asscssment.  This model involves the careful observation of teaching,

with particular attention tc certain behaviers, and open discussion of the results, The
modcl is labclcd in various ways, primarily as forms of clinical supervision and coaching.
A scquence of activitics often includes: (1) agrecing on a focus for the obscrvation,
which may comc from thc teacher, the obscrver, or a framework cstablisned clsewhere;
(2) the obscrvation, with the obscrver recording behaviors as they oceur or according to
a predctermined schema; and (3] a conference during which the obsenvation is discussed,

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

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

formative rather then summative cva'.ation (Garmston, 1987; Glickman, 1981). As
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coaching, usually among pccrs, it cncourages norms of collegiality and cxperimentation,
associatcd with schoois where students Icarn (Little, 1982).

To continue the previous illustration, the Jefferson County science department
developed a guidebook for principals that describes the behaviors of teachers using
their elementary science program. Each of twelve program components is spelled out
as 1o 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 modcl incorporates such practices ~s action rescarch and reflective inquiry.
Bascd on the work of Schon (1983) and others \uparks & Simmons, 1989), tcachers arc
cncouraged to reflcct on their own practice, gather data to better understand the

phecnomena of intcrest, and consider changes bascd on carcful analysis.

At Devotion School in Brookline, Massachusetts, teachers working on a collaborative
intern project with Wheelock College are abee to take on roles other than direct
teaching for 20% of their time. One teacher chose a Teacher/Researzher 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 metl.ods,
conducted observations, interviews, and analyses, and wrote about his learnings in a
paper he submitted for publication.

Curriculum and Program Development. Involvement of teachers in the developinent of
curriculum and/or programs which they then usc is another model for staff development.
Teachers begin with a problem, c.g., the curriculum is outdated, needs review, is not
bcing uscd; student achicvemeni and/or cnthusiasm for science is low. Tcachers then
gathcr information, matcrials and other resources, consider existing knowledge about

effective scicnce tcaching and lcarning, 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 list. Ir the first year, committee members reviewed
all the reacher resource materials they had and wrote a philusophy 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 on 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-convered the next school year. By January, the K-12
guidelines were available for review. The document was not prescriptive, but rather
provided & framework for each school in ihe 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 materia! 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 districi staff development
programs, and support for implementation i 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.

Individuall ided Staff Dcvelopment. This modcl is bascd on the assumption that
individual tcachcrs nced diffcrent intcrventions to help them improve their practice.
Hcre teachers, cither as individuals or with others who sharc their intcrests or concerns,
cstablish a goal, and scck input by way of courscwork, workshops, library rescarch, visits,
and othcer forms of sclf study to rcach the goal. Sclf detcrmination and support by their
principal, pccrs or others in the usc of their new knowledge and/or skills makces this

modcl diffcrent from morc traditional staff dcvclopment.

Pedie O’Brien is a second grade teacher at Bristol Elementary School in Bnstol,
Vermont. Her interest in inquiry science was piqued when she attended a summer
institute in a nearby school distnct.  She had tahen courses at a natural science center
and the nearby college and had attended any workshops wn science she coulu 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. Sne decided to follow her
natural inclinations, verified in her summer experience, by allowing the children to
learn by asking questions and designing 'fair tests’ for thewr 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 cther 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 distnct on the process skills




of science, the comparison of inquiry science to more traditional approaches,
questioning techniques, and a content session on physical science. This help~i her to
both articulate and cement her beliefs and strategies.

She also attended a regional NSF institute and .ame buck with more ideas and a
plan for implementing them. Together with her support person from the institute
network, she will soon conduct a workshop in cooperative leaming. As a member of
thz 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 1o her own motvation, the support she received from her
principal and the fact that she “came from the inside” to work with her colleagues.
“People here know me.., that I'm not a threat, but willing :0 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 ™ both
formal and informal sessions.

Staff Dcvelopment Structures

These models work only to the extent that structurcs arc in place to make them
availablc to tcachers and support their new lcarnings back in their classrooms (Loucks-
Horsley ct al., 1987). What good staff devclopment structures have in common are (1)
support for the practice and refinement of new behaviors in the classroom; (2)
spportunitics for tcachers to talk and wosk togcther to reinforee, problem solve, and
cncourage change; and, in many ways, simply by their existence, (3) a clear message that
thc new behaviors arc important and teachers arc expected to use them. Several

cxamples of structures for staff development for clementary scicnee arc:

Institutes. Similar in intention to NSF-sponsored institutes of the past, institutes can
providc an mtense, in-depth expericnce for teachers of clementary scicnee. As discussed
in the carly stage of tcacher development, the institute necds to provide teacheis the
opportunity to expericnce scicnce the way scieniists do, and thus the way their students
should, rather than focusing on scicace tcaching mcthods and matcrials. Learning te
actually do scicnce -~ just as writing process workshops begin by having teachers leain to
write -- prepares the teacher to create scien~c learning expericeces for children. it
develops an appreciation for the combination of experimentation an. exploration, with

cading and talking to pcople who have scientific know'dge - cssentially "the work " of
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a scientist. Institutes model activitics that arc based on a constructivist and hands-on
approach to scientific inquiry, with the organizing concepts of lifc, physical, carth, and

space scicnce 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 their ability to support classroom
implementation. This problem is alleviated when institutes draw a critical mass of
teachers from the samc school; include the building administrator and/or scicnce
coordinator for at least a portion of the time; incorporate follow up activitics closcr to
or actually in the schools, including teacher coaching and problcm-solving scssions; ard

give attention to a wide range of implcmentation issucs.

Simmons College, in Buston, Massachusetts, offered a two-week summer institute for
teaching teams, with the goai of encouraging science teaching in elenientary schools.
The institute provided participants with sufficient information, 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 coordinaior, and a
teacher. Each team developed a plan of action to promote science teaching in their
school. In addition, their district commitied itself to send another team 1o 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-or
learning.  Workshop processes modeled ones institute staff hoped participonts would
build into their own teaching. Special train: : sessions were held for adm.nistrators
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 1ssues. Eaci.
team was assigned a Simmons support person who met with them at their school twice
a vear.

While this example institute is global in its objective of premoting gnod science teaching,
others offer morc in-depth study of a specific arca. For example, during a summer

institutc at the University of California at Irvine, a onc-week unit on matter gives
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teachers an overview of the disciplinc that cncourages them to develop the depth
necessary to introduce their students to the major idcas in the discipline, as well as
classroom matcrials rcady for immcdiate usc. A combination of lecture, activitics and
homework assignments provide a depth to the topic that gives teachers solid science
content to complement ncw 1caching stratcgics. (Taagepcera, personal communication,
15 April 1989).

Tecachers Centers. Thesc structurcs have the advantage of providing opportunitics and

support for teachers’ use of new practices closc to home. Teachers centers arc
sometimes in schools (Saxl, 1987) or within districts (Devancy, 1977), and arc helpful in
identifying necds felt by tcachers and creating opportunitics for those needs to be met.
Because they have a staff, teachers centers can use a number of different staff
development modcls, convening and supporting groups, identifying and asscmoling
materials, bringing in expert consultants or traincrs, coaching in classrooms - gencrally
providing the kind of ongoing opportunitics and support nccded to kecp an cffort from

being onc-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 <cience content
and inquiry teaching.

Once a month Davis offers workshops and follow-tp 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 couaching for the teachers.

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 structures for <taff development inzlude networks and partncrships.
Linking teachers to sources of knowlcdge that can cnhance their scicnce tcaching, these
structures demonstrate uscful aitcrnatives to one-time inscrvice workshops by providing
continuity and opportunitics for ongoing support.
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The knowledge and skills of teachers are of primary importance to the quaiity of

elementary school scicnce education. But the organizations within which they teach --
th: schools, districts, and larger contexts -- play a major role in supporting the cfforts of

skinful tcachers. The next chapter discusses the influence of organizational structures
and supports.
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CHAPTER III. ORGANIZATIONAL STRUCTURES AND SUPPORT

The quality of the science expe:*enced 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 discusscd the kinds of tez  er development activitics
most likcly 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 cxpected, but supported at a variety of levels and along a number of
dimensions. Some conditions, structurcs and policies enhance the possibilitics for

effective, satisfying tcaching, while others frustrate them.

Currently, very little science is being taught in our countr;,’s clementary schools (Weiss,

1987). Scveral conditions appear to contribute to this:

+ Few teachers know science and feel comfortable teaching it. This is also truc of
principals and other administrators who feel uncomfortable providing both
leadership and support in the area.

« Emphasis in clementary schools is on language development and mathematics, to
the ncglect of science and other content arcas.

+ 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 tcachers
arc the ones most comfortable with science.

+ Teachers feel unappreciated and out of contrel of decisions about how best to
tecach the children for whom they are responsible; schools are places where
tcachers arc isolated, outcomes are uncertain and so uncelcbrated, and the
implementation of spccific regulations appears to dominate both tcacher and
adrninistrator activitics.

« Teachers often have insufficient, inadequate, or inconvenicnt materials to teach
science, particularly important if they are to usc the hands-on activitics known to
promote sciecnze learning.

« Few school districts have systems that cootdinate sciecnce goals, materials, starf
development offerings, materials, program monitoring, and student testing.

A
w
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Clcarly, the curreni organizational contexts within which tcachers tcach science are
insufficicnt to support tcaching exccllence. Yet thesc indicator- ~tonc suggest some
changes that nced to bc made. Whilc the rescarch on now organizational context
influcnces the quality of scicnce curriculum and tcachiny is not particularly robust, there
is a substantial amount of rescarch and literaturc on cducational quality, tcacher
profcssionalism, policy implementation, cffcctive scaools, and cducationai change that
has dircct relevance to the issuc (Berman & McLaughlin, 1978; Darling-i{ammond,
1986; Fullan, 1982; Murnanc & Raizen, 1988; Purkcy & Smith, 1983). This collective
body of knowlcdge suggests that high quality cducation results in cnvironments where:
(1) cxpecta’.ons arc clear, (2) support in both resourccs and opportunitics for improving
knowlcdge and skills is substantial, and (3) dccision making prcrogatives for competent,
committcd individuals are broad. Our discussion will consider scveral factors that

promotc thesc conditions. They include:

+ clcar purposcs and outcomcs

+ adcquate, appropriatc rcsovrces, including time, staff, and matenals
+ a robust conccption of staff developm~nt

* norms of capcrimentation, risk taking, collcgiality, and collaboration
+ involvement in decision making

+ lcadership and su , port

Clear Purposcs and Outcomes

Research on cffcctive schools and cffective organizations indicates that being clear,
united, and public about goals helps guide standards for excellence and behavior. When
purposcs arc clear, the kind of curriculum that 1s to be taught, the instructional

stratcgics to be uscd, and the nature of asscssment can be specificd much more readily.

Purposcs and outcomes can be determined at a number of different levels. Scveral

national cfforts to do so in scicrice cducation include the Americen Association for the




Advancement of Scicnee’s Project 2061 and our own Center's work 1 curriculum and

instruction.

There are those who arguc that purposcs and outcomes should be specificd at the state
level, since 1t is there that the key policy levers exist, including teacher and school
credentialing. Many statcs also cxercisc control over curriculum framewoerks, textboo!:
adoption, and student testing. Others arguc that it is the district level where purposcs
and outcomes should be developed, sinee different student populations, resources, cte.
must be taken into considcration. Still others belicve that purposcs should be stated at

the school level, making the ~asc that the school is the most critical unit for change.

We belicve that these de not have to be exclusive positions. However, the argument
that states should framc the gencral goals for scicnce education is a compelling onc,
given their control of so many of the factors nccessary for good science tcaching, c.g.,
funding, tcacher credentialing, student testing. When states take on this responsibility
and do it well, cducators from other levels help shape the purposcs, and then arc
supported in all aspccts of the cducation cnterprise to implem~nt them. California is an
cxamplc of a statc whosc cfforts to cstablish a scicnce framework and an array of
suppo:t mechanisms from textbook sclection to assessment to staff development have

the potential to promote quality scicnce cducation statewide.

But somc statcs have a tradition of local control or lack the resources needed to cngage
in a goal-sctting process that drav .nput from all levels of cducaiion, plus the scientific
and general community. In these cases, the sctting of purposcs and outcomes should fz'l

to the district. where expertise and resousce:, are likely to be concentrated.

¢ arc least inclined to support the idca that schools arc the best uni* for establishing
the goals and outcomes of scicnce cducation.  While some school-hased improvement
cfforts have had substantial cffect on student reading achievemen  erc is iittle
cvidence that the samc outcomes accruc for scicnce. Becausc sciei.cc is a low priority
for many clementary school cducators who do not feel confident about their knowledge
of scicnee curriculum and instruction, theic is some danger that the quality of the

program may suffcr. We note later that schools (and individua! tcachers) should have
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other decision-making prerogatives. In most cascs, however, the sctting of gencral
purposcs and outcomcs for scicnce tcaching sheuld be donc at another level, with input

from teachcers into thc dccisions.
The development of clcar purposcs and outcoin¢s allows for:

+ a sharpened focus for program development efforts, enabling the players at the
various levels to come together with a common agenda and screcn out many of the
distractors common to their task

« the design of success indicators that enable people to know what thcy must do to
succeed, when they have been succe “sful and what arcas need special attention

« more informed decision making about the programs, tcxtbooks or other matcrials
that will be the primary vehiclcs for instruction.

Resources and Their Allocation

As schools and districts organize their resources, they cstablish processes for conducting
the woik of tcaching and lcarning. These have considcrable influcnce over what is
possiblc and likcly in classrooms. Among thosc most rclevant to clementary scicnce

teaching arc the naturc and quantity cf available resourccs, staffing and time.

Pescarch has pointed out that the relationship between the level of resources (c.g., per
pupil cxpenditurc) and cducational quality is lcss important than how the availabic
resources arc used (Murnane & Raizen, 1988). It remains a fact, howcver, that tcachers
who do not have matcrials and facilitics available to tcach activity-based scicace arc less
apt to do so than thosc who do. The availability of knowlcdgcablc staff, facilitics,
cquipment, curriculum matcrials -- these "sct the paramcters within which schools
operatc . . . [by dcfining] the outer limits of what is possible” (Darling-Hammond,
1986:49).

Staffing

Staffing pattcrns arc important to the quality of scicnce tcaching, since the opportunity

to Icarn scicnce is optimized for clementary school children by the availability of
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tcachers who are knowlcdgcablce, enthusiastic, and committed to tcaching scicnce. Bui
should every elementary school teacher be required tu teach science? The answer Lo
this question is complicatcd by the fact that the current emphasis in teacher
devclopment is on the basic skills of reading, writing, and arithmetic. In 2 grcat many
situations, teachcrs are chcsen and assigned by their abilities to tcach language arts,
which is a higher priority in today’s schools, especially those serving urban or limited-
English speaking populations.

Options such as the usc of sci.nce spccialists are secn by many as preferable to children
receiving no science instruction, or instruction that is poor. Such spccialists can play
diffcrent roles. They can each all the science lessons for the school or for certain grade
Icvels. They can be members of a tcam where they arc responsible for sciecnce and
another contcnt arca (c.g., ma.h), plannirg together with other team members the
overall program for their students. They can do all the planning and preparing for
scicnce Icssons, which they and the other teachers then tcach. Or they can have limited
teaching responsibilitics of their own, working instead with other tcachers in thcir
classrooms to dcmonstrate or assist. and outside of class where they help tcachers

devclop new knowledge, skills, matcrials, and programs for scictice tcaching.

There are, of coursc, advantages and disadvantages to cach of these roles. The first may
climinatc possiblc integration of science with othcr content; children can get the idea
that scicncc is a scparatce, special arca that requires special talent to tcach fand do). It
alco keeps onc tcacher from k~owing ‘the wholc child" in cvery arca of schooling --
important in primary grad<.. The first three roles allow non-scicnce teachers to forget
about scicnce as somcthing thcy know and sharc the wonder of with children. Even the
third -- where all tcachcers teach units developed by the specialist -- runs the risk of
having a tcachcr go through thc motions of a scicnce lesson without really cngaging with
the children’s learning. And the last rolc is expensive: it requires a full, or ncarly full-

time cquivalent tcacher.

Deccisions about the usc of scicnce specialists in clementary school arc situation-specific.
We preicr having specialists in the last role described, although they may woik with

tcachers in several schools, rather than just onc. Such a system is uscd in the Mesa,
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Arizona, School District, where four full-time "resource teachers” work with the district’s
42 clemcntary schools. These tecachers have responsibilitics for both curriculum revision
and training. In the latter role they work closcly with new tcachers, conduct long-term

training programs in coopcrative Icarning, and offcr a varicty of other staff development

opportunitics and support to tcachers.

When resources to support this role are not available, scaools might decide to usc
specialists in nnc of the first two rolcs, cspecially in grades 4-6, where scicnce content
bccomes more important. In the primary gradcs, tcachers with limited scicnee
knowledgce, but a good staff dcvelopment program and a sct of inquiry-bascd scicnee
matcrials, can handlc scicnce without a specialist, particularly if they arc concerned
about knowing the child across content arcas. Wec would prefer the use of specialists
cven at this level, however, where the alternative is a tcacher who is neither prepared

nor inclined to do good "hands-on, minds-on" tcaching.

School staffing pattcrns arc a primary dimension in the current movement toward school
restructuring (Harvey & Crandall, 1988). Whilce restructuring schools around <o itent
spccialtics appcears to bc most relevant to our discussion of scicnee tcaching, other
diffcrentiation of staffing may cnter the picturc. For cxamplc, a school restructurca to
provide mcaningful practice tcaching opportunitics for prospective teachers would have
intecrns and/or student tcachers, raising e adult-student ratio and Iending itself to
morc u.vestigative, individually paced and «cif-dirccted science Icarning (Smylic ct al,,
1988). In thc Carncgic Report’s (1986) Ycar 2000 scenariu. <. restructured school ha,
additional staff who contribute to tcaching scicnce, including a lab technic un and a

sciecatist on lcave from a local firm.

In the previous chapter we used the intern project at the Devotion School in Brookline,
Massachusctts as an cxample of tcachers taking on different rules in a restructured
sctting, When tcachers arc part-time rescarchers, teacher traincis, and curriculum
devclopers, as in that cxample, they begin to break dowa the simple (and simplistic) role
diffcrentiation common in our schools, where techers all have the same job. Identifying
tcachers with spccial ialcnts to act as mentors, advisors, resource .cachers, and trainers

can have important implications for the quality and quantity of scicnce teaching in
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schools. More crcative staffing patterns will most probably be common in schools of the

future.

Timc

The amount of time allocated to subject arcas is onc indication of its importancc to the
school community and contributcs in important ways to studcnt Icarning. Studics have
repcatediy shown that thc amount of time spent on a topic influcnces student Icarning
(Raizcn & Joncs, 1985), yct the average amount of time clementary tcachers allocate for
scicnce is minimal (Wciss, 1987). Thc cxpectations created at the school and district
level, the scheduling of activitics within the school, and the degree of comfort felt by the
tcachcr about teaching scicnce -- all influcnce thec amount of time spent on scicnec in

elecmentary classrcoms.

The NSTA has rccommended the minimal amount of time that should be spent per
weck in scicnee instructicn 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 ct al.,
1989) suggests twice that amount for scicnce and technology cducation. Such time
allocations indicatc a commitment to a consistent, regular inclusion of scicnce in the
school program. Whcther sct at the district or school level, they require attention by

tcachers and administrators.

The focus on the amount of time given to scicnee teaching diminishes in importance
when curricula arc integrated (Jacobs, in preparation). As in Ms. Lopcez’s sccond grade,
a science unit can casily become the focus for an cntire day’s activity, inciuding rcading,
writing, spcaking, mathcmatics, and social studics. What is important to guard against is
dcfining the intcgratior of scicnce as treating it through reading and writing only. The
kind of cxpcricntial langasge development currently called for by proponents of wholce
languagc insiruction suggests a morc appropriate alternative for intcgration with science.
For cxample, tcachers can usc scicnce investigations to stimulate student debate,
discussions, and crcating writing. Thc kind of asscssment called for by a comstructivist

approach to tcaching gencralizes across content arcas as well.
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In a curriculum arca such as scicnce, matcrials play a key role. The absence of good
matcrials often precludes activity-based tcaching. As our Center’s Curriculum and
Instructiun report indicatces, textbooks arc the predominant matcerial for scicnce tcaching
in today’s schools. Whilc hc concept of text matcerials that support hands-on activitics is
not bad, currcnt textbooks have an overabundance of disconnccted factual information

that docs not nccessarily icad to conceptual development.

Yct there arc a varicty of excellent sources from which scicnce matcrials can be drawn.
These include cxisting curricula such as SCIS (now available as SCIIS) and ESS whose
activit.2s arc capturcd, along with others developed with NSF funds, on the CD-ROM
Scicnce Helper mentioned carlici; programs madce available through the National
Diffusion Network such as Life Lab and the Hands-On Elementary Scicnce program;
and thc recently funded NSF clementary scicnce development projects. (Sce page 35 of

this rcport for morc dctail.)

The cost of good scicnce matenials is not to be minimized. It has been cstimated that a
budgct cqual the cost of a teatbook program is nceded for ihe matcerials and supplics to

support a hands-oa program.

Scveral important fuctors must be considered when sclecting matcerials (Loucks &
Zacchei, 1983). The first is coherence with the existing science framework. It is casy to
assemblc an assortment of motivating, cxciting science activitics for ciilaren. [t is cven
possiblc that they may lcarn something from cach. But a real science curriculum is not
piccemeal. Rather, it supports a framework of agreed-unon goals and objectives, or a
sct of organizing concepts such as those proposed in our Center’s Curriculum and
Instruction report.  bvery science activity adds onc morce building block to the
achicvement of those geals or to the Icarning of those concepts. This is onc of the
problems with the Limited amount of computer software available for science today.
Caught up in the excitament of now technology for themsclves as well as their pupils,

tcacucers use whatever is available, resulting in a discontinuity of curriculum. Good
Y
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matcrials sclcction plays a key role in promoting a coherent, comprehensive science

program.

Anothcr important factor concerns quality control. It is critical that the materials used
to teach science have indeed been provin 1o promote the desired scicnee outcomes. As
noted earlicr, matcrials nced to be aligned with the stated goals and desired outcomics,
as well as with asscssment procedurcs. This requires carcful testing if materials arc
devciopced locally, or inspection of cvaluation processes and results if matcrials were
devcloped clsewhere. It argucs against developing a school or districtwide curriculum by
pooling tcachers’ favoritc activitics without testing it as a cohcrent package against the
specific outcomes scicnce instruction is upposcd to promote. Ensuring the cffectiveness
of scicnce matcrials with children and tcaching situations similar to onc’s own is

important to cffcctive science cducation.

But the availability of good matcrials by no means cnsurcs that they will be used. It is
no surprisc that activitics that arc difficult for tcachers te use in the classroom -- oncs
that requirc an inordinatc amount of time to preparc for, sct up, clean up, and managc
./ith a full class roster - arc not likely to be used regularly. Materials more likely to be
uscd arc on.cs that are sclf-contained, clcar in their procedires and their requirements,

and ablc to be managed under normal classroom conditions (Loucks & Zacchei, 1983).

Good systems for maintaining scicnce . oplics and cquipment and clssroom facilities
that allow for mcss and movement can facilitate the use of materials called for by
cxploration and hands-on activity. Such a system acquires, organizes, distributcs, and
replenishes the matcerials nceded by teachers. This can be donce in an individual school
by a scicnce specialist with a large storcroom and relcased tuac. But, cxemplary science
programs typically have a district-level system that delivers to teachers cverything they
nced when they need it. This calls for a person with responsibility for the system,
tcachey rcquisitioning procedures, materials identified through supplicrs or lecally,

storage spacc, and transportation.

In Anchorage, Alaska, more than 1,000 elementcry tecchers in 55 schools gt the supplies
they need 1o teach science “hrough a district-wide system. Fach year, trachers 1each at
least four science kits to thew students. Early i the school year they comnplete 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 teacl: the kits, assembles class-size sets of matericls,
maintains a truck delivery route so teachers receive materials when they nced them, and
inventornies, cleans and replenishes all materials when the, are retumed.

The National Scicnce Resources Center at The Smithsonian disscminates information
and provides assistancce to scicnce cducators intcrested in developing matcerials support

systems for cicmentary schools.

Staff development programs that guide tcachers through the hands-on activitics and
provide them with tips on how to manage matcrials and children can prevent premature
decisions by tcachcrs that activitics cannot be donc under normal classroom conditions.
Help with using matcrials cffcctively and cfficiently in the classroom can be as important

as having the matcrials rcadily availablc.

Additional Resources for Science

Good scicnce tcaching cannot occur without funding. While there arc ways of
rcallocating resources or cutting corners {c.g., having vocational cducation students make
somc of the cquipment), there still are real costs associated with developing and

supporting tcachcrs to tcach "hands-on, minds-on" science.

Morc ways arc nceded to get multiple milcage from budget doliars and additionat
monics from sourccs other than local allocations. Business and industry sources have
been used to cquip scicnee classrooms, to infusc activitics with scientific exnertisc, and
to supplement district staff development.  Local muscums, botanical gardens, and/or

parks have cxhibits, staff, and facilitics that can enrich science learning,

Rather than investing in a new science program all at onc time, one or two units can be
developed cach year, using diserctionary moncy to purchase necessary materials and

cquipment (National Scicnce Resources Center, 1989).

There arc also federal funding so- s that support science teaching. For cxample,

school districts have access to be  Chapter 2 and Titic 17 funds. Chapter 2 funds have

58

Ry




been used in a varicty of ways, often, at lcast in the past, for the purchasc of
microcomputcrs and other matcrials. Pistricts, however, have discretion over how the
funds arc sy >nt. Title 11, also known as thc Federal Math/Scicnce Rectraining Act or, in
its most rccent rcauthorization, the Eiscnhower Act, allocates funds to districts on a per
pupil basis. Thesc funds arc largely for the purpose of staff development for both
scicnce and maticmatics. Other Title II monics go to institutes of higher cducation to

develop programs for math and scicnce tcacher training.

Local scicnce cduca.ors may also bencfit from the rcauthorization of Chapter 1 funds
for children from low-income homes. The 1988 rcauthorization reitcrated the definition
of "basic skiils", previously interpreted to include only language and mathematics, to
include scicnce and history. There arc scveral implications of scicnee becing part of the
corc program f-r Chapter 1 students. First, it argucs for cnsuring that they have strong
science programs, that they not be pulled out of scicnce classes for remediation in other
arcas. Second, Chapter 1 resource teachers and aides need to be n.cluded i scicnce
staff dcvelopment, cspecially because they serve populations that are often the most
"scicnce-phobic”. The potential for becoming part of the training and suppost systcm for
Chapter 1 students provides the creative science cducator with opportunitics to scrvc a
larger number of tcachers and reach more students who are andcrrepres ‘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 specifies of cffective
staff development for the tcaching of clementary school scicnce. Here we put it into
context of the organizational structures and support nceded to help individuals change

their Ievel of know'cdge and skill for scicnee teaching.

‘Oddcen and Marsh (1988:598), whosc concern is with implementing 1arge-scale refoims,

notc that

The emerging mode of staff development addresses broader and morc COMPICX i85S,
is provided over longer time periods with considerable ongoing assistance, is linked to




strategic directions of the district and the school, and is targeted to specific issucs
rathcr than across an array of disconnccted arcas.

This appcars to be what is nccded for the kinds of changes required by our new vision
of science tcaching and learning. Rather than numbers of disconnccted staff
development offerings, there need to be cohcrent plans that support curriculuin,
instructional, and asscssment dccisions madc at the state, district or school level. For
examplc, a district scicnce prugram is accompanied by a scrics of workshops for
teachers, with in-classroom coaching as tcachers try out the new matcrials. This is not
to say that tcachers should be discouraged from following an interest in some aspect of
scicace and pursuing it in some of the ways described i the previous chapter. 1t docs,
however, mcan that a significant amount of the resources for staff developinent should

be allocated to implementation and support of curriculum.

Critical mase is important in this view of staff devclopment. Teams of tcachers or tcams
of teachers and administrators attend training scssions, rather than individual tcachers
on their own initiative. The intent is to simultancously build knowlcdge about science
Icarning and tcaching, while forging strong working rclationships and support structurcs.
The aim of staff development is to build individual and organizational capacity at the

samc time.

Staff development is not only appropriatc for tcachers, but for administrators and district

scicnee Icadership as well. Our view of science teaching requitcs that ciforis to change
tcaching approachcs arc managed well, supported along a number of dimensict . To do
50, lcadership training in thc new support roles is necessary, such as that currently being
offercd by the Nationat Scicnce Resources Center and the Naticnal Science Supcrvisors
Association. Lcadership training is also appropriate within the district, particularly for
principals, who nced to know about what good scicnce teaching looks like, ways they can
observe it, and how to work with tcachers in their cfforts to iniprove. Principals and
science leaders especially nced to know the importance of cncouraging teachers to
persist in trying new approaches, to rernain faithful to the design of the program until

they have mastered it, 1ather than giving it up or changing it in a ma,or way that keeps
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them from achicving thc outcomes associatcd with the program. Balancing assistance

with “pressurc” is a skill that scicnce Ieaders must develop (Crandall, 1093).

One of thc most important aspccts of this robust conception of staff development is that
it is both in-depth and long-tcrm. For many whose knowledge of science is thin at best,
intcnsive institutcs may be called for, where participants are immecrsed in the work of
science, learning processes and content together through investigations of the natural
world. Such an appro:ch is common for tcachers of writing who often attend multi-
week institutcs wherc they become writers first, before analyzing the writing process and

its 1 nplications for their own tcaching.

But such an in-depth cxpericnee requires substantial follow-up once participants re-cater
their real world; this is a considcration few NSF-fundced institutcs of the 1960°s and 70
urderstood, and why many of thcit cnthusiastic participants ncver iraplemented the new
programs and processes into their tcaching. Even the best staff developers rarcly plan
for thec amount of continuous support nceded by teachers to significantly change their
teaching. As rccommended by Crandall and his associates (1982), plans for projects
promcting rcal changce in classrooms should allocate half the budget for initiation and
initia; training, and thc othcr half for ongoing training and support. And such support

should las. at Icast throughout thc two to three year implementation period.

Onc stratcgy uscd to sustein a long-term staff developmeat cffort for curriculum
implementation is for tcachers to take on training and support roles (Loucks-Horeley ct
al, 1987; Loucks & Pratt, 1979). A training-of-trainers strategy includes the sclection of
comgcetent, cntausiastic tcachers; preparing them to teach the curriculum and then
having them do so; training them in the principles of adult Icarning and the change
process, and in the skills of training, consuitation, and cvaluation, :ad supporting their
growth as traincrs by promoting collegiality and experimentation. (hesc teachers can
then function in a varicty of rolcs: as workshop lcaders follow-up consultants across a
number of school.; resource teachers within their schools; special science mentors for
beginning tcachers (mentioned in an carlier chayter); and science specialists for their
teaching tcams. ‘Through this stratcgy, capacity is ruilt at the individual, school, d¢ tric

and oftcn the regional and/or state icvel.
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Organizational Norms That Support Learning

Scicnce is a way of kr.owing about the natural world. [n the clementary grades good
science teaching cncourages students to wonder, to cxplore, to discover, and to devclop
conceptions of how the world works. Classrooms where such tcaching occurs valuc
questions, cxperimentation, risk taking, and collaborative problem so!ving. For wcachers
to foster these behaviors they too need to ¢¥ist in an environment where thesc behaviors
arc valued. The same conditions that make classrooms good places to lcarn science,
makc schools good places for tee fers to continuc to grow professionally and feel good

about their work.

Schools wherc teachers feel comfortable groposing and trying out ncw instructional
strategics and matcertals, and where they routinely share with cach other at scveral levels
-- from talking abcut teaching to co-developing units of instruction -- are morc cffective
in increasing teacher as v.cll as student Icarning. Breaking dov - the traditional barricrs
between tcachers that fos.er isolation and autonomy results in greater cxperimentation
in classrooms, sharcd responsibility for student Icarning, and greatcr tcacher
commitment (Licbcrman & Miller, 1988; Roscnholtz, 1989).

Wc noted in our discussion about staffing patterns that the need to teach scicnce well is
a rotivating forcc for tcachers to work toge*her. Sharing children, where cach teacher
can tcach what cxcitcs him or her and still consider the total education of cach child.
puts what is guitc a scrious rcsponsibility in the hands of scveral rather than just orc
tcacher.  And the clear bencfits of sharing the organization of matcrials, cquipmert and
other resources for hands-on a<tivitics also accruc from this kind of a tcaci-ing

¢nvironment.

When tcachers work with thusc in other roles, in addition to workiu, with cach other,
similar norms arc developed and reinforced. They arc able to maintain he all-
important focus on the Icarner. Cross-role tcams have been found repeatedly to be
important v.aidics for planning and supporting curriculum development and

naplementation cfferts (Odden & Marsh, 1988). Such structures foster understanding of
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the perspectives and realitics of people in other roles, forging sclutions that will work
for all, and building trust to allow for cxpcriments and risk taking in designing creative

approaches t0 mect ncw demands as well as address persistent oncs.

Involvement in Dccision Making

The question of how teachers shonta be involved in decisions about scicnce teaching is
quitc complex. The rescarch on teacher porn.zipation in decision making is relatively

acw, and there is nonc tc date that focuses on clementary school scicnce.

What is most problcmatic is trying to gencralize from the litcraturc on tcacher
professionalism, which asscrts a clear conncction between tcachers’ commitment and
cffort, and the ¢.”>nt to which they arc involved in instructional dccisions (Lightfc ot,
1983). Darling-Hammond (1986) nutcs that, when tcachers arc involvad in decisions
about such matters as instructional materials and mcthods, structures and nrograms, and
directions for improvement and staff development, absentccism and turnover decreasc.
Therce is greater conscnsus about school prioritics and practices, coupling more tightly
the goals, content, activitics, and asscssmeny, and thus, positively alteri.g 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 voork and

t wards prefessional praciice” (Darling-Hammond, 1986:62).

The degrece to which these statements appiy to elementary school scicnce is unclear. As
ncted carlicr, the traiming and prete:ences of ciementary teachers favor language and
pcrhaps matiematics, but rercly scicnce. If given options, will they choosc to give
science the emphasis it descrves? Wil they work towards having an cxeniplary scicnce
program in: their schoo! wuch as w2 have descrioed? Indecd, Al Shanker, President of
the American Fedceration of Teachers, has obscrved that tcachers involved in school-
vased managemcent projccts where they arc the primary decision makers often do not
look to current rescarch or exemplary practice to inform their decisions. His concern 15
that theii uniaformed decisions will serve to perpetuate the status quo rather than

contribute to racaningful changes in their schools (Shanker, 1988).
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Rescarch on the implementation of new practices in schools, which has included
examination of science programs, indicates that teachers who are not invoived in initial
implementation decisions often develop high levels of commitment anyway if the
practices.work well for rtheir students Huberman and Miles (1984) reported that
.mplementation was more successful in =fforts where mandates removed teachers’
prerogatives to sclect their own approaches. The combination of a program carefully
selected for its ctfectiveaess with a similar lcarner population, strong credible training
and follow-up support, and a mandate that tcach. ;s would use the practice in their
classrooms, ultimately resulted in successful implementation, impact or students, and
tcacher satisfaction. The key to understanding their scenario is that, while teachers had
little or no + smmitment to the program to begin with, they had good training that
convinced them and enabled them to use it, and they soon obscrved 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 belicving.

This discussicn underlines the importar.t icarning that no single tactor alone influences
the process of educational improvement  McLaughlin (1987) notes that success iepends
on twn byoad factors: capacity and will. Capacity tuilding, while difficult, can be
addressed directly through such strategies  staff and Icadership development. Will, on
the other hand, is more illusive. It is infbiericed by such factors as environmental
stability and compcting centers of authority, prioritics, an. demands. One learning frons
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 lcep, tenacious
ccmmitment (0 a program they have tricd that works well with their children - even if

thosc 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 purposcs and ¢"1itcomes that are
bascd on what is known about good science tea..ung and lcarning. As McLaughlin
(1987) indicates, such clear goals and authority are important initially to focus attenion
and create clear expe .tations and prioritics. While this broad pressure should not let

up. implementcrs then need to meve in to address issucs of program development and
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provide suppoit requircd to ensure quality of implementation. Thus dccisions about
cwriculum, instructional stratcgics, and matcrials must involve those who will be called
upon to support and implement them. The kinds of cross-level teams described carlier

are vehicies through which such decisions can be madc, at Icast at the district level.

Teachcr involvement on these teams is critical to cnsure that the scicnce program, and
its many dimensions, will be "classroom fricndly” and adequately supported. But where
is teacher decision making most important? We believe that thcy should have a major
role in implcmentation decisions: h~w and when to introducc new curricula into their
classrooms and school; how : .f deve opment should be structurcd and dclivered; who
should be tcaching what and how; how to support cach other in their tcaching; and what

special adaptations are nceded for their particular students.

The determination of what kinds of involvement tcachers ought te have needs to be

made for each situation. Hc.e is where the role of Icadership becomes so critically

important.

Leadcership and Support

Leadership may bc the .. .t that bin.ds and makes mcaningful the array of fuctors
discussed within the organizational context, especially the last. One ~f the most
important tasxs of leadership is to involve pcople from all leveis in decisions. The work
of Kantcr (1983) aad others who study cffcctive organizations, including schools,
indicatcs that good lcaders provide clear structures within which iccisions by others can

then be made.

In cducation, lzadership and the structures such leaders develop come at several levels.
State structures for scicnce, for cxample, can be 1n the form of curricutum frameworks
such ac those in California, and statc asscssments such as thosc under development in
Coanccticut. At the district Icvel frameworks, curriculum guides, and asscssment
stratcgies can form clear structuios within which tcachers and others can work. When a
varictv of individuals in Icadership positions participate in the decisions related to these

structurcs, the structures arc morc likcly to be viewed as helpful and supportive than as
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confining and dic.ating. Furthcr, when (he structures clearly Icave room for a range of
dccisions within them, individuzl tea hers can have opportunitics to work in an

"autonomoucand crcativ way" (Kantcr, 1983:248).

Leadership does not have to be restricted to thosec who hold formal positions of
authority in an organization (Cox ct al., 1987). While the building principal has been
cited by many as critical to the cffectivencss of a school (Fullan, 1982), others may in
fact play equally if not morc important rolcs in oversceing and/or supporting school
programs, particularly spccific curricula. It may, in fact, be more uscful to think in
terms of the functions ieadcrship mus’ piay, rather than what a particular Icader must
do. For cxample, examination of scicnce programs recognized in NSTA’s Focus on
gxcellence indicated that, in cach casc, som -on¢ took responsibility for designing tha
program (Yager, 1984). In somc cascs, this was a ccntral officc administrator, in other
cases a master scicnce teacher. In diffcrent situations, different configurations of Icaders
from the school and district, and even from outside the district, are nceded to help

tcachers initiate, implement, and sustain curricular and instructional changes.

There is . o evidence that pcoplc in certain formal roles may be the best for particular
jobs. For cxample, in their study of a wide varicty of school improvement cfforts,
Crandall and his associatcs (1982) found that a central office curriculum leader often
nad the most influcnce over what teachers did ‘n their classrooms, whilc principais aided
the cffort by maintaining stability it the school and cxternal traincrs or consultants
helped plan for the kinds of long-tcrm organizational support tcachers would need to
maintain the programs. In somc cascs tcachers played key Ieadership roles. The
Icarning that a varicty of lcaders is required to makc a lasting improvement in schools

suggests the nced for u._ sind of cross-rolc Icadership tcams mentioned carlicr.

Rescarch on implementation confirms Icadership’s role in providing clear direction and
creating clear cxpectatinns about "the way we do things around here.”  Miles (1983)
points vut the importance of school and district adininistrators maintaining pressure on
teachers 1o give new practices a fair trial, and to do so in a way that is faithful to the
original form of the practicc Too much latitude resulted in practices so watered down

or drastically changed that the outcomes they were designed to achicve were lost.
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Elementary teachcrs, for example, who arc inclined to give up the mes,y and hard-to-
manage lLve creatures in their curriculum can easily lose the elcment *hat makes life

science most meaningful to thzir children.

Such pressure has impact only when combined wih the promisc to provide all the

assistance and sw.pport neccssar’ to make a program work. Thus the other critically
important rolc leadcrs piay is to cnsure that such support is forthcoming. The most
obvious kind of support involves opportunitics for skill acquisition and dcvzlopment,

addressed earlier in our discussion of staff development.

Therc are many other ways to demonstrate support, however. Leaders at the school and
district level have the autority to crcate and rctire prioritics in schools, and the support
tuey give new programs hinges on how they act out that authority. Items of high priority
are allocated time and other resourcces -- thosc of low priority arc not. This is
particularly important for scicnce tcaching, which has typically been a low priority in

elementary schools.

Support for sciencc tcaching, which can be given at cither district or building level or

both, may also includc:

» providing rclcascd time for tcachers to attend training and to prepare for scicnce
tcaching

- protecting tcachers from other dem=ads, including additional innovations,
priorities, visitors, ctc., cspecia'l" whilc trying out ncw activitics and matcrials

+ ensurin~ that tic supplics and cquipment teachers nced are rcadily available and
arc replenished continuously, and that the help teachers nced is forthcoming

+ publicly announcing -- and continuing o do so -- that scicnce is a high priority in
the school and that children nced adequate op,  tunitics to Icarn scicnce

+ providing encouragement to tcachers whiic they expenence the discomfort of tryiny
new activitics, while being clcar about the cxpectation for continued usc

+ using a varicty of incentives and rcwards for tcachers who * ch scicnee effectively,

including rccognition, ncw rolcs, opportuiitics to attend conterences, conare,
training, ctc.
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» rcarranging schedules such that the time and location of scicnce teaching works
best for teachers and any collabsrative planning or development is 1acilitated
(Loucks-Horsicy & Hergert, 1985).

Research can tell us a great dcal about the ingredients required to successfully change
and maintain thc kinds of knowlcdge, skilis and classroom behaviors associated with
good scicnce tecaching. Yet the skillful and wise comoinatiun of these ingredients that
match a particular situation’s strcngths and liabilitics is the challenge of Icadership. As

we note in the final chapter, much more needs to be learned about how this happens.
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CHAPTER 1V. RECOMMENDATIONS

Our synthesis of rescarch and practice rclated 10 the preparation, induction, ongoing
development, and organizational support of cicmentary school tcachcers of scicnce icads
us !0 a single 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 cohcrent and
comprehensive structurc that provides support for clementary scicnce cducation from 2l
parts of the system. The rcscarch in most of these areas has consistentl, and over time
provided many important lcarnings. In many instances, schools, school districts, states,
universitics, profcssional associations, and other organizations arc applying individual
segments of these learnings in some very fruitful ways. The challenge for the fuiure,

however, is to bring al! of the discrete picces together for the first time.

There *3 a wide range of simuitancous changes that musi be madc for our vicion of
"hanus-on, minds-on" scicnce tcaching to become a re lity. For cxample, we necd
ncwly designed coiicge scicnce courses for prospective teachers o that they can
:ndcrstand the narurc of scicnce and science Icarning sufficiently to he'n children
dcvelop their own understandings of the natural world. Buc well prepared teachers
cannot tcach scicncc as it should be taught if their schools ha' -+ other prioritics,
insufficicnt materials and cquipment, and norms that discourage experimentation.
Similarly, prospectivc  .chers nced modcls of good scicnce teacting, yet those models
will be rarc if better staff development is not f .hcoming. There is no onc place to
begin; we must work simultancously on all parts of the system, with full attention

~ollaboration and articulation across Icvess.

Our recommendations arc presented in the conteat of two goals that cnconipass the tull
range of levcels and issucs. Our icarnings Icad us to believe that there is a major need
for an infrastructurc which will, like the framing of a new building, give shape,

boundarics and support to t..2 rooms within. Th..cfore, we begin the discussion of our
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recommendations by asking what structurcs ana supports arc nceded to promotc good
scicnce tcaching. Once we have suggested such a framework, we focus on specific parts

of thc system and suggest some ways their functions and opcerations nced to change.

Our improvement goals guide our rccommendations in two arcas: organizational
structurcs and support, and tcacher training and development. Within each arca we
makc a range of rccommendations for development and demonstration, staff

devclopinent, disscmination, and rescarch.

Goal #1: Wc must devclop structurcs and ¢ apport at focal and statc Icvcls that cnsure
that tcachers who know how to tcach good scicnce can teach it in a profcssional and

supportcd manncr.

We cnvision an cducational system in which tcachers are sufficicntly knowledgeablc,
skilled, and positively inclined to tcach scicnce well. They would not have the kinds of
structurcs and supports nceded to do so, however, if schools, districts, and statcs
continuc to bc as they arc today. In this report we suggest that schooss, districts ana
states nced to provide their teachers with clear expectations, sufficient materials and
staff development, opportunitics for collaboration and sharcd dccision making, strong

Icadcrship, and ongoing suppost for their development as tcachers of science.

Goal #2: Wc must providc mcans for all teachers to develop the undcerstandings,
positivc attitudcs, and abilitics to tcach good scicnce and to continue to grow throughout

their carcers.

in this report and in our Cente:’s report on curriculum and instruction, we portray . »od
scicnce teaching as selecting content that incorporates ninc organizing cos.cepts and
using a four-stage scquernce for instruction, bascd on a constructivist approach to
Icarning. This kind of scicnce teaching will mect the needs of aii children, and is
particularly important for thosc at risk of school failure. Yct this kind of tca: "hing
requires preparation that is quite different than that currently expericneed by clementary

tcachers.
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We have suggested taking a constructivist approach to not only the teaching of children
but also to the way both prospective and inscrvice teachers arc helped to Icarn what
they need to know about scicrce, scicnece lcarning, and scicnee tcaching. This requires
that in courscwork and staff devclopment offerings, lcarucers arc helped to articulate the
meanings they hold of important concepts, and arc prov.ded with sufficicnt cxpcricncc
and information to cnhance and claborate those meanings in ways conducive to good

science toaching.

To develop teacher knowledge and skills in scicnce teaching, tcacher cducation needs to
be viewed as a continuum, beginning with a sound liberal arts cducation that includes
science coursework and continuing throughout the carcer of the tcacher. Responsibility
for teacher education should gradually shift from institutions of higher cducation to
schools and school districts. Staff development opportunitics for nscrvice tcachers must

be long-term and ccherent with the goals for scicnce Icarning.

Our first recommendations revolve around the imperative of uiiving and coordinating
the efforts of many disparatc individuals and groups. libcral asts an . scicnees faculties;
teacher cducation facultics; professional organizations: state certification staff: state
cducation agency testing staff; state cducation agency scicnce staff; school and district
administrators; district scicnce coordirators; district and school staff devcloper..

Because so many of thc moving parus cxist at or are influcnced by the - tate level, where
an unprecedented amount of activity has occurred over the past severai years, we believe
that the state must play a kcy role in articulation of science tcaching. A* the same time,
we recognize that the structures and supports for scicnce often opcrate simultancously at
state and district levels. We have no preference about how much control the stat.
should have versus the district since our syntnesis of rescarch and practice has allowed
for no such conclusions. Wc do, however, believe that certain structures and supports
need to be present at onc or both 1 ¢ls, and certain kinds of input are needed for the

structurcs and support systcms to be valid, practical and cffective.
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Goud Scicnee Teaching:

We reccommend that states and/or districts develop comprehensive structurcs
and support systcms thay have, at a minimum, the following clcments: 1)
sharcd purposcs and goals of clcmentary scicnce; 2) links to tcacher
certification and assessment; 3) student assecssment; 4) cross-role tcams for
planning, decision making and coordination; and 5) comprchensive staff
development ( icluding Icadership development). In addition, dist= s

should have systcms for 6) curriculum development and 7) materia’  support

Structures that incorporatc these cle...nts to support good scicnee tcaching arc indeed
rarc. At a minimum, the goals of clementary science nced to be specificd at the state
level, although there is a compelling argument to be made for a statc framework that
also spccifics a core of scicnce. knowledge and skills. If a statc framework docs not
cxist, a district framework is called for. Such framcworks provide guidance for the
scl:ction of programs, textbooks and oivher matcerials with which to teach scicnce, and for
the specific instructional strategics tcachers need in their repertoire to promote good

scicnece Icarning.

Once ii is clear what children should Icarn from scicnce teaching, then the knowledge
and abilitics to tcach to thosc goals nced to be incorporated into the licensing and
ongoing cvaluation of tcachcrs. This woud influcnce teacher training institutions to be
certain that their graduates havc had opportunitics to devclop those knowledge and
skills. It should also influcnce the design of district tcacher cvaluation sysiems, since the
cxpertisc required of an evaluator is likely to exceed that of the gencralist administrators
who typically conduct tcachcr cvaluations. In addition, it should influcnce the design of
student assessment, including tests to cvaluate the program overall. and procedures with

which tcachers monitor student learning.

At cah level, cross-rolc tcams should represent those who share responsibility for
scicnce teaching and Icarning. At cach successive level getting closer to the classroom,

the decisions madc by the tcams become more specific and subject & w..wvidual

72

51

1. Recommendation for Statc and/or District Structurcs and Support That Promotc |
I



ERIC

Aruitoxt provided by Eic:

contexts. Policics arc decided at state and district Ievels; implementation dccisions arc
madc at district and school Icvels; and decisions about day-to-dav opcrations arc made
at school and classroom lcveis. Each tcam *- responsible for a p.an that coordinatcs and
links clements at their level. For cxample, a district tcam might coordinatc matcrials
sclection, siaff development, and student asscssment. A building team might coordinate
tcacher assignments, material provision and storage, and collcgial coaching. Further,
tcams should be responsible for monitoring the implementatisn and impact of scicnce

tcaching at thcir icvels.

Staff dcvclopment that relates dircctly to the knew.ledge and shiils specified in the statc
or district framcwork m'  be available. Carcfully planncd, ongoing training in scicnce
content and pedagogical saills should be comrlement2d by the development of <xpere
Icad or resource teachers who arc available to train, coach, and support others; mentors
who modcl good scicnce teaching to work with b ginning tcachers; opportunitics to
cnga, ¢ in collcaguc coaching, study groups, and action rescarch, all dirccted at improved

scicnce tcaching.

Finally, Icadcrs at all levels arc req tired who know science learning and tcaching and, in
narticular, can articulatc and promotc the state and/or district scicnee framcwork. Such
fcaders must also be  skilled in arcas such as group process, training and tcchnical
assistance, supcrvision, cairiculur development, cvaluation. and planning. Special
attention should be paid to state and district supecivisors of scicnce, as well a, those who

take responsibility for sc :nce at the Jocal level in the absence of a science supervisor.

At the district levei, in addition, structiires and systeias for curriculum development and
matcrials support arc called for. ‘Incsc involve the identification and scle¢ n or
devclopment of ma'crials for tcacher usc that arc aligned with the sclected goals, and
proccdurcs for acquiring, organizing, and supplying tcachers with the matcerials required

for hands-on scicnce activitics.

These components arc all needed for long-terni comprehensive change in state ana

district scicnce cducation. But what of district, (or cven, perhaps, scheols) who want to




ocgin tomorrow to make a diffcrence in scicnce lcarning? Where inight they begin to

get the most rapid change to occur?
A "quick start-up" stratcgy might include:

1. A shared Icadcership tcam of sclected tcachers and administrators who 2s5css the

current state of science teaching and resources, sclect a scicnce program, oversee
training and suppori for terchers, monitor progress, and communicate regularly

both inside thc systcm and with thc community.

2. An existing, exemplary science program selected from among those recognized by
NSTA, the NDN, or ithe NSRC (sec page 35 for dctail), and adaptcd for use with

the particula: .tudent population and rescurce base.

_LL)

A sct of pilot teachers who spend a ycar mastering the program with help from its
devcloper and being preparcd as a training an«' cupport cadre for full

implcmentation.

4. A wr _ar training sequence for all, with the tirst ycar having up to three days of

rclcascd-time workshops when teachers icarn how to tezch the units, and the
sccond ycear of up to threc days to improve teachers’ understanding and skills in

inquiry tcaching, coopcrative Icarning, and approaches to asscssment.

5. A support structure which provides tcachers with all the materials they need for

tcaching, and maxcs individual help and coaching available to them on a regular

basis.

6. A program of awarcncss and training for pcople other than tcachers, such as

principals, library and mecdia spccia!’sts, and resource tcachers fo orient them to
the new program, how it relates to other programs ar  the support rolcs 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 successfu! without more good models of how
the various components can be developed and combined, given the resources typically
available to science educators. This 1s particularly true at the district level. The next

recommendation addresses this issue.

2.  Recommendation for Demonstration and Dissemination of Exemplary District
Programs:

We recommend that funding and technical assistaince be available for districts
whose science programs support the kind of science teaching we promote, have
deiaonstrated impact on student learning, and who are committed to becoming a

demonstration site and disscminating their programs ¢o other interested districts.

It is far less expensive for districts Jesiring a new science program o adopt or adapt one
that already exists, rather than developing their own (Crardall & Loucks, 1983). Several
distzict elementary science progrems have been identified and designated as exemplary
by the NSTA’s Focus on Excellence program, the National Diffusion Network, and the
INationai Science Resources Center. Yet there are not nearly enough to model the
attributes of a new “hands-on, min.ds-on" approach; nor are they geographically
accessible to enough ‘ chiool districts; nor have all been examined carefully enough to
know wiial makes them exempiary; nor do they range sufficicntly 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 assistarce needed to enable them to
conduct the kind of dissemination and implementation support activitics that would be

useful to other districts.

We recommend that a project by fuaded to {1) validaie through site visits and the
assembling of implement:.tion and impact data the extent to which sites alrcady
recognized rcpresent exemplary "hands-on, minds-on" programs as defincd in our
reports; (2) identify additional district programs which meet these criteria; (3) profile

and develop a catalog of the sct of programs: (4) provide assistance to each district to
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develop awarcness macrials, training matcerials and procedurcs, visitation proccdures

and dcmonstrations, and othcr disseminauon-related activitics.

In addition we rccommend tha. cach exempuary district be provided aaditional funding
(up t0 $50,000 per year) to conduct dissemination/outrcach activitics and pi. . 1de
training and implementation assistance to other d tricts intcicsccd in using their

programs.

3. Recommendation for Alternative Forms of Rescarch in Districts and Elcmentary

Schools where Science is a Priority:

We rccommend that a federal funding agency suppor 2 serics of casc studics 02
schoo’e or districts where clementary scicnee tcaching » as the same priority as the

tcaching of languagc and mathcmatics.

Onc of the major problems for those concerned with «<-ientific litcracy is that zcicnce
tcaching simply does not have the priority in the clemer*2ry school that o other
content arcas. Yct there arc schools ana districts, such as thosc identified in the
prcvious reccommendation, w _cre scicnee is considered important cnough to have
sufficicat funding and attention given to its teaching. In other places, communitics have
designated magnet schools for scic..ce, another way of giving scicnce tedcuing priority, if
not for cvery child in a district, th2n at Icast for some. Our intcrest here is in what
factors work to make scienc 1 priority. These may include cuvrtain dimensions of the
school vr community context; individual advocais or roles certai: widuals play, and

strategics uscd to ...'crm and stimulate certain kinds of decis.ons cducators and

policymakers. A sct of casc studies could illuminate this issuc and suggest actions that

could be taken by others.,

£. Recommendation for Alternative Forms of Staff , sevelopment for Elemcertary

School Science Teachers:

We recommend that schools, districts, regional and state gencics,

eniversitics, and various funding sources eaperiment wiih diffcrent forms of

76




staff development for science teaching, developing new models that can enhance or

cven, at times, repi. ¢, excellent tiaining workshops as the typical mode of staff
development.

In the first reccommendation above, we described a staff development cffort that relics
on the most widely rescarched and grounded approach: training with foliow-up coaching
(Joyce & Showers, 1988). Yet there arc other models of staff development that have
promisc for promotirg our vision of good science teaciing, and could have other
undiscovered benefits as well. These models include: 1) immersion institutes where
participants Icarn scicnce content and process by addressing problems such as those
faced by scicatist  and onty afterwards apply those learnings to scicnce tcaching; 2)
institutes attended by cros:-role teams whose goal it is to design and develop new
scicnce programs and devclop internal capacity to implement them; 3) development of
special teaching centers modeled 1 the Shenley S thool in Pittsburgh, where teachers
arc released from their teaching responsibilities for extende d 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 n-schooi
supporti of tzachers of scicnce. Usc of these models alone or in combination could add

greatly to our repertoire of staff developme.it approaches.

5. R commendation for Ieadershi, Development for Loa. Science Leaders:

We recommend Lupport for the development of a number of initiatives to
train scicnce Icaders. Currently a leadership center 1s being designed by the
National Scicnce Supervisors Association to work at a national level. The
National Scicnce Resources Center is sponsoring a summer institute to
develop leadership for ciumeniary scicnce. We sugpcoi .aat similar efforts be
undertaken throughout the country that are able to reach more pcople, an”
that concentrate on the development of cross-rofe Ieadership tcams as well as

for.naily designated science leaders.
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With the aearth 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-¢ 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 thaa it has been in the past, requir’~ * 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. Recommendauon for Research on Shared Decision Making in Exementary Schools:

We recommend the funding of rcsearch that focuses specifically on alternative
patterns of decision making for the improvement and maintenance of good
science teaching. [his rescarch <hould pay special attention to current efforts
in site-based decision making to cxamine how science is taught and the priority

it is g.vei .

Currently there are hundreds of schools across the country that are participating in
exprriments in. decentralized decic 21 making, using a varicty of different strategies and
approaches. How and what decisions are madc about curriculum and instruction arc
critical to the future of science cducation. Somce scicnce educators fear that when
teachers have decision making suthority, scicnce may be lost from elementary schools,
curriculum development efforts may result in colleciions of tcachers’ f - orite (but tircd)
units, and central office support roles and responsibilities will be eliminated cntirely.
Such concer  raise a nced fur careful examination of the influence of new decision
making structures vn science teaching, and the contexts and conditions under which

cience teaching is improved and thrives.




7. Recormendation for Research and Development of Effective College Coursework
for Prospective Elementary Teachers:

We recommend that a study be undertaken to determine indicators ot
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 t~aching in schools should be supported by a supply of
good science teachers coming out 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
clementary teachers to know and use existing exemplary materials and programs. Yet
we know of very few instances where teacher preparation courswork has the
characteristics we believe are necessary. Thus, a study of indicarors 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 additiona! development work can be undertaken. While the National

Science Foundation currently funds some develop:ent work for teacher preparation, we
wauld like to s7c more designs that reflect our approach, and strong research/evaluation

componen. to understand their impact.
Simultaneous to this development work, and certaiuly as a result of it, national, state,

and regional organizations and agencies can proczed towards incorporating intc their

standards those requirements that promote the effective teaching of scicnce.
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8.  Rccommendation for Strengthening of Basic Standards and Requirenients:

Wec rccommend that statc ccucation agencies, regional and state
accreditation organizations, universitics, and school districts change their
requircments such that (1) clementary tcacher certification includes
wourscwork in scicnce and scicnce methods, and demonstrated proficiency in
science teaching; (2) clementary teacher assessment include assessment of
knowledge, skills and behaviors required for cffective science teaching; and
(3) program accreditation iaclude requirements for expericnces for
prospective teachers that ensure their learning of science and science
teaching.

We a:~ well awarc of how often icgulations drive program design, so it is critically

important that these also reflect what we know about scicnce teaching and Icarning.

The two previous recommendations involve a close-in look at tcacher preparation
courscwork am. standards. The next two iccommendations ¢ ddress teacher preparation
programs morc¢ programmatically as sct, of courscwork ard cxpcricnces thai together

yicld a scicnce icacher.

Teucher preparation models need to be comprehensive. They need to include newly
designed scicnee courses that incorporate a constructivist approach and treat scicnce
content deeply rather than broadly. Coussework in pedagogy should attend to the
developmental nceds of prospective teachers, providing a varicty of increasingly intensc
ficld cxperiences. The use of varicd assessment procedures for different science
outcomes should be included. New staffing patterns are nceded to support the
intcrnship and ‘nduction pcriods, cnsuring speccial support by cxceiient menters and
rcduced tcaching responsibilitics.  All of this requires closc collaboration between school
and highcr cducation personncl, and special attention to scicnce as an importar.

tcaching arca.
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9. Recommendation for Research and Devetopment on Models of Teacher
Preparation:

We recommend that rescarch be condueted on models of teacher preparation
to better understand their influence on the various outcomes of teacher
education, and the clemcents that are critical to their success. In addition,
programs to prcpare teachers in the ways recommended in this report need
to be designed, developed, and cvaluated for their impact.

Several teacher education programs that emphasize science for elementary teachers have
been referred to in carlicr chapters of this report. We need to better understand their
impact, as well as to design others that have promisc to change t_acher preparation in
the desirable ways. One kind of program that shou.d be giver spucial at*~ntion is the
professional development school. In such scttings, close collaboration b, wcu university
faculty and differentiated staffing patterns for inservice teachers allow prospcctive
teachers to learn in a real school, with modcls of exemplary teaching and adcquate
support for their devclopment. These scttings arc particularly helpful for bcginning
preparation modcls designed to give science cqual priority to language and mathematics

arc needec if we arc to understand how tcachers can best be prepared.

10. Recommendation for Dissemination of Promising Teacher Preparation Models:

We recommend that promising teacher preparation models that pay special
attentior to science be identified, profiled, examincd for evidence of effectiveness,
and disseminated widely to the teacher education community. These models
should includc all the cf araetcristics listed above, and should be drawn from a
varicty of scttings, with special atten® 1 to those serving at-risk populaticns, both

urban and rural.

Similar to our necd for model clementary science programs, we need more model
teacher preparation programs for universitics and school/unive. <y partnership, ti adopt

or adapt to their own needs and situations.
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11. Recommendation for Nationwide Dissecmination:

We recommend a disse.mination system for science education that will support the
spread and impler.ientation of the best science curricula, programs and tcacher
development strategics to <uppo. . good scicnce teaching.

A goal of our Center is to synthesize rescarch and ex~~»-lary materials that illustrate the
mAany dimensions of effective sc.cnce education and n.«ke that information accessible to
cducators and noneducators alike. Howevc., the Ceater’s dissemination function is
largely limited .o production of print materials and some intercctions with professional
organizations in order {0 devise cooperative ways of reaching all the audiences
interested 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 & Lourks, 1983; Havelock, 1973).

An eifective dissemination system for science education would reach many people,
ranging from federal agencies and other national bodies, through state, higher education,

and schoot district organizations, to classroom tcachers. Its functions would include:

« packaging of information and materials, recommendations, and models of
science teaching and learning that emanate from research, development, and
special groups creatc 1 to address problems in science educaticn, for example,
drawing on the new curriculum development work, the National Science
resources Center (1988), and the exemplary programs identificd by the

Naticnal Science Teachers Association;

« formulation of the most appropriate dclivery strategies, for example, training
for teachers or administrators or a combination, training of other school or
district staff, awarcness sessions for parents and school boards, manuals for
teachers and ' rincipals, policy briefs for school supcrintendents and for iocal

and sate legi:lators;
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+ idcntification and/or dcvclopment of dclivery systems, for cxample, cxisting
or nceded organizations, agcncies, actworks, and int:raction with them or

among  w;

* coordination ana ongoing support of dclivery. with quality cortrol that
ensurcs sound..css of and cquitablc access to inforaauon, matcrials, and

ser.ces; and

« provision cf channcls for informing policy makers, researchers, developers,
and othcrs concerned with improving sci. icc education of nceds in the

classroom as expcricnced by tcachers and local administrators.

Onc possiblc design for a disscmination system that carries out these functions has
scveral fcaturcs. First and forcmost, it is based on rescarch that shows that
disscmination promotcs mcaningful chart -rcs in practice when it provides a higi level of
assistance in an cnvir nment where support and clear expectations create pressurc for
change (Crandall & Loucks, 1983). A dissc mination system must simultancously devclop
the capability of pcople at scveral levels through staff deveiopmeni and ongoing support,
while it work~ to create a context i3 schools, districts, and states where it ere arc

incentives, re. urcces, and clear dircction.

A sccond fcaturc of a good disscmination system is that no part of it displaccs or
replicates the work alrcady being donc by others. Instead, it cnhane  their work and

D ggy-backs on their cfforts. Rclated to this is the notion that every unction of 2
disscmination systcm shoulc be played out through multiple channels and should scrvc
multiple constitucncics. While this may icad to complexitics in understanaing the system

and difficultics in drawing clcan organizational ch~rts, it ¢cnsurcs access.

Finally, a systcm designed in this way requires coordination and ongoing support in the
form of infusion of ncw matcrials, idcas, and strategics deriving from alt leve's of the
cducational systcm, as well as problem-solving assistancc. This courdinaiion runction

also cntails mcchani ms 10 cnsure the quality of the system’s work, includiag cqual
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access of all popuiations to the services being provided, with regular asscssment of

operations and impact.

Figure 1 illustrates ihc structurc of our design for a diss.mination system. At its hub is
a National Assistancc Center :0r Scicnce Eduration or a sct of regional centers located
throughout the count.j, with central coordination mechanisms. This Center (or centers)
would be concerned with science curriculum aud instruction, asscssment, teacher
devclopment and ¢cnhancement, and irrprovement of the school context for science
Icarning. The Centicr(s) would have primary responsibility for secing that the functicns
cf the disscmination system described above are carried out effectively.  Assistance
Centcr staff would solicit and cvaluate input from other research and development
organizations as well as individuals and spccial study groups. They would work directly
with poiicy organizations to disscminate to policy audicnces, with particular emphasis on
the kinds of policics that would provide tiie direction . J support necded to spark

improvements in scicnce cducation.

The system for reaching the praciicc community is somewhat more complex because of
the "...ultiplc access” design. A stecring group might represent the primary service
providers -- professional assodiations, state agencics and theil intermediarics, colleges
and universities, the regiona! laboratories. and science teacher centers that directly scrve
local school districts. The function of this stec.ing group would be to advise on
packaging of cxcmplary matcrials that arc cffective for the multiple audicnces, help
formulate appropriate delivery strategics, and identify  * link to cxisting delivery
structures  Assistance Center staff then would work with individual and clusters of
organizations identificd by the group, helping them incorporate new materials and
strategics to better mect the needs and broaden the basc of their constituents. Center
sta.f zlso would tolicit input on spccial nceds and on promising practices emanating

from the classroon 10 feed back 10 rescarch, development, and policy groups.

Unfortunatel, wiih it cxeeption of scl 1ce professional organizations and college
scici.ce faculty, few of the existing channels and agencics designed to assist t-.achers and
local educators have cexpertise in science. One obvious sct of resources to be built upon

are the cxisting scicnce matcerials and those emerging from current NSF-funded
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Figure 2
Structure of a Dissemination Svstem
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development cfforts. In addition, there arc many teacher centers which have a proven
track rccord of maintaining cxcellent scicnce programs, and operate successfully in larec
or small schonl dis cts, rural or inncr city {c.g., Anchorage, Alaska; Mcsa, Arizona;
Schaumburg, llinois; Fairfax County, Virginia) or scrve a whole region within a state
(c.g., Spcencerport, New York; Portland, Orcgon). But, unfortunately, most school
districts do not havc such scicnce program su, port available; therefore, cffori and
resources will have to be invested to build capacity in other existing service agencics and

institutions.

The disscmination scheme we suggest it not the only feasitle onc nor possibly cven
optimal. Our purposc here is to outline some necessary characteristics of an cffective
dissemination systcm, bascd .. rescarch and expericnce. The ultimate aim is to utilize
the resources being deveioped at the natio al level to enable local science educators to

sclect. design, and appropriatcly usc ¢ aplary scicnce teaching and asscssment

matcrials and strategics.

The development and support of good clementary school science teachers is not an
‘mpossible goal. In this report we have laia out some grand schemes for its
achicvement, schemes that mnvolve all the players and organizations that will need 1o
participatc i* scicnce teaching in the futurc is to be strong and valued. But we have also
suggested some fess grand schemes -- one, that take advantage of what we know now
and what others are doing to make scicnee teaching not only possible. hut cxcellent, in
taday’s schools.  Doubtless, there are other strategies that wil! work equally well, or even
beuter, and we must continuce to scleet and act detiberately so that cvery chiid has the

opportunity to lcarn science.
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