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FOREWORD

This rcport 1s onc of a scrics produced by the National Center for Improving Scicnee
Education. The Center’s mission is to promote changes in state and local policies and
practices in the science curriculum, in scicnce tcaching, and in the assessment of student
Icarning in science. To fulfill its mission, the Center develops practical resourccs for
policymakers and practitioncrs by synthesizing and translating the findings,
recommendations, and perspectives found in recent and forthcoming studics and rcports.
By bridging the gaps between rescarch, oractice, and policy, the Center’s work is
intended to promote cooperation and collaboration among organizations, institutions,

and individuals who arc committed to improving scicnce cducation.

The synthesis on curriculum and instruction herein was derived with the help of the
study pancl, whosc membcrs arc listed in the front of this report. We gratcfully
acknowledge the help provided by the many who have supplicd materials, offered
recommendations, and made suggestions for this report. Aithough the iist is too long to
acknowledge cach contribution individually, we arc indebted to Sharon Smit for her
carly work preparing matcrials for study pancl members, and to Deborah Hannigan for
her review and synthesis of the study pancl reports. We acknowledge the work of
Barbara Brandt, who pulled the numerous picces of this repart together, Yvonne Wisc,
who improved the report by pointing out crrors and inconsistencics, and Robe:t ‘Warren,
who cdited the report and drafted the exceutive summary. We gratefully appreciate
Frances Lawrenz of the University of Minncsota, who acted as an outside cvaluator of
the report, for her critical comments. Special acknowledgements sre also duc to the
support center’s monitors at the U... Department of Education: John Taylor and Wanda

Chambers.

Two other pancls have produced companion reports on assessment and on teachers and
tcaching. A summary rcport integrating all three documents will be preparcd and will
be available from the Center. This integrative report will be supplemented by

implementation guides for state and district policymakers and practitioners and by




guidclines cspecially tailored for additional audicnces, including teachers, principals,

school boards, parcnts, and tcacher cducators.

The Center a partnership between The NETWORK, Inc., of Andover, Massachusctts,
and the Biologica! Sciences Curriculum Study (BSCS) of Colorado Springs, Colorado, is
funded by the U.S. Department of Education’s Office of Educational Rescarch and
Improvement. Members of the Center’s Advisory Board are listed in the frent of this
report. For copies of this report, or further information on the Center’s work, plcase
contact Senta Raizen, Dircctor, National Center for Improving Scicnce Education, 1920
L Street, Suite 202, Washington, D.C. 200306, or Susar: Loucks-Horsley, Associate
Dircctor, National Center for Improving Scicnce Education, The NETWORK, Inc., 290
South Main Street, Andover, Massachuscetts 01810.




PREFACE

Reports on contemporary education have proclaimed the need for change. hine
presented the purposes of cducation, and have provided the justifications for reform.
For the most part, reccommendations from these reports are gereral statements that the
public and cducators alike support. Often study pancls, college professors and
cducational consultants have identificd problems and made recommendations with the
cxpectation that the cducation community would quickly and casily recognize the need
to change, and subscquently, begin 1o change. The cxpectation is logical and workable,
out unfortunatcly, the gap is too large between statemends of new purposes and changes
in school programs and tcaching practices. There is need for an intermediate step that
can be thought of as a scries of policics, or general plans that will help direct deesions

and actions. Thesc policies are more specific than broadly stated puiposes.

This report is a policy statecment for science curriculum and instruction in clementary
schools. Because this report’s focus is on scicnce education in clementary schools, it s
morc cencrete than other national reports. It would be inappropriate, however. to go
from this report directly to schools and classrooms. Just as the study panel that
prepared the report went through a process of reviewing the data and tanslating, the
data into a policy statement, 50 100 must those who use the repoit consider the umque

aspects of school distiicts, teachers, and students.

The study pancl’s dircctive was to concentrate on curriculum and istruction. The pancl,
however, is fully aware of Garrett Hardin's admonition for human ceology=-You can’t do
only one thing. In the context of this report, cducators must not only change the

curriculum and their instruction, they must also consider assessment, materals. facilitics,

cquipment, teacher education, and staff development, --to mention only a4 few issucs,
p

The study pancl has done its best 1o bring cducational reform m seience nro2rams for

clementary schools anc step closer to reality. But, the final translation s perhaps the

—
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most difficult--actually changing «xtant programs and practices.  Difficult as this is, the

final stcp is making reform a rcality.

Study Panel on Curriculum and Instruction
National Center fo' Improving Science Educatic”




EXECUTIVE SUMMARY

Science proposcs cxplanations for that which is obscrvable, whereas technology proposes
solutions for problems of human adaptation to thc environment. These arc the
distinctions the panclists make between science and icchnology, a distinction that
clementary school students nced not explicitly understand, but rather a distinction that
they should tacitly understand. Once the children begin to perecive these differe =,
they are well on their way to taking control of thcir lives and functioning productively in
a scientific and technologic socicty. It is to this cnd that the panclists have designed two
frameworks, onc for curriculum, and onc for instruction. How these two frameworks
should be uscd, where they should be used, and why they should be used are the
subjects of this report.

Technology is onc of the more unique features of the pancl’s curriculum and
instructional frameworks. Existing programs scldom present technology as a topic
worthy of study itsclf, and, when it is presented, it is usually defined as the application of
scientitic knowledge, which is iess than correct. Technology is more than an applicd
science, and it is more than a method. Indeed, technology is a process whose endpoint
is the solution tc a problem. This solution can take many forms, becausce incvitably
there arc many objectives, requirements, constraints--variables. These variables drive our
modern tcchnologic socic!y, yet they are never presented within clementary school
curricula. The panel redresses this omission in its curriculum and instructional

frameworks.

Science, like technology, is often misrepresented. Many cxisting curricula present
science as a body of knowledge, and only sccondarily do these programs present scicnce
as a proccess for cstablishing new knowledge. rundamentally, scicnee is a method by
which we construct rational cxplanations for cvents in the natural world that, at first,
might scem incomprehensible, but through study and rescarch become predictable, even
manipulable. Thesc explanations are always tentative, they continuc to cvolve, and it is
this understanding of scicnce that the pancl's curriculum and instructional framework.

attcmpt to convey.




Of coursc, onc-1inc dcfinitions do not sufficicntly cxplain the rclationships between

scicnce and technology. Although scicnce and technology arc differing enterprises, they
arc incxtricably pound, onc to the other, and they, in turn, arc incxtricably bound to
modern society. It is incumbent upon the citizen to make informed decisions and to
rcalize that for every technologic application there arc trade-offs, and that along with
scicntific understanding comcs responsibility. One purposc of the pancl’s curriculum and
instructional framcworks is to lay the foundation for a technologically and scientifically

informed citizenry.

Developing these basic attitudes toward and undcerstandings of scicnce and technology
will not be casy, and these goals can only be accomplished through the realization of yet
other goals. The students must develop a basic vocabulary and knowledge, without
having thcir natural curiosity stifled by "rotc lcarning.” They must broaden their
investigative and problem-solving skills and learn how to make informed decisions.
Finally, thcy must develop an understanding of the limits and possibilitics of scicnce and

technology.

The curriculum framework presented in this report is straightforward. The curriculum
should consist of hands-on activitics, cach of which should relate to the students” world.
Further, the students should devclop their scientific and technologic concepts and skills
within a personal and social context. Rather than skimming a grcat many concepts, the
students will be able to study a few concepts in great depth. The pancl recommends a
constructivist approach, which mcans the students should be able to construct their
concepts and skills through a varicty of expericnces. Finally, the curriculum framework
gives opportunitics and a context for the stuaents to honc their reading, writing,

spcaking, and mathcmatical skiils.

The foundation of a curriculum framev ork should be its organizing concepts. Five
critcria constitute the “filter"for this curriculum’s organizing concepts. The ¢ ncepts

must not only apply to scicace and technology, but they must have applications beyond




scicnce and technology. They must accommodate different developmental levels and
apply to cach child’s pcrsonal life. Most important, the organizing concepts must

provide powerful cxplanations.

The pancl identificd nine major concepts which they belicve should be the core of an
clementary scicnce program:
+ Organization {or ordcrlincss)

« Causc and cffect

«  Systems

+ Scalc

+  Modcls .
« Change

« Structurc or function
* Discontinuous and continuous propertics (variations)

« Diversity

\ttitudes arc also a keystonc of the curriculum framework. The students should be
skeptical, yet desirc knowledge. They should accept ambiguity, and subscquently be
willing to modify their cxplanations. Honesty, a rcliance on data, and respect for reason

arc also important, as is working coopcratively with others.

Whcen designing the instructional framework, the panclists made several assumptions that
dircctly affect how tcachers should teaca science in the classroom. Somc cducators
assumc that a student’s Icarning develops from the scquential acquisition of skills and
bits of information. In practice, these educators attempt to teach science by transmitting
definitions, terminology, and facts to students who passively receive this information.
This approach has clearly failed to provide Amcrican students with an adcquate
background in scicnce--a bac’.ground that they can apply in a varicty of non-school
scttings. Therefore, the panclists have incorporated a constructivist approach into the

framework  Constructivism assumes that students actively Icarn through hands-on
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experiences; constructivism also pestuiates that the students ar> constantly constructing

their world vicw.

Becausce ©f its constructivist approach, the instructional framework has linkages to three
related ideas: prior kaowledge, student learning styles, and concentration of tcaching on
depth and vadcrsianding, rather than on breadth of coverage and knowledge of
vocabulary. “"hesc linkages affect the teac.cr’s role in many ways. A student develops a
meaningfi uaderstanding of a concept only when it is presented in a familiar context.
That is why it is important for a tcacner to determine what a student’s prior knowledge
is, and then .clp the student to link the new concept to the prior knowledge. Just as an
effcct presupposcs a cause, how to present a concept in a familiar context presupposes a
nced to address learning styles. No two students have cxactly the sar. : approach to
learring One student may have a sequential lcarning style, whilc another has a global
approach. Further, a tcacher might present informaticn through scveral modes: tactile,
visual, or auditory. No matter which Icarning stvic a student might prefer, it will take
time for the student to assimilatc a ncw concept and develop a uscful understanding of
it. This suggests that a student should pursuc a theme or topic in depth  Therefore, a
theme or topic might span scveral weeks or more. Prior knowledge, student Iearning
stylus, and concentration of tcaching on depth and understanding, then, all require the

tcacher to take on a new role--that of facilitator.

A facilitator docs not provide expert knowledge, rather, a facilitator manages the
students’ Icarning. Facilitators model the qualitics they wish to encourage in their
students by showing curiosity, awe, and cnthusiasm. On an altogethcer diffcrent level,
they arc strategists who determine whether to use competitive activities, individual work,

or coopcrative groups.
Tcachers have yet another important role to fill--that of asscssor. Through asscssment a

tcacher is provided with valuable information on how to incrcasc Icarning. Asscssment

helps the teacher determine a student’s prior knowledge. The assessment data also
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helps a teacher establish what the students have learned and motivates the students to
attend io the assigned materials.

In addition to defining new roles for teachers, the panel’s instructional framework
incorporates a four-stage teaching model. Each stage of the model is characteristic of
the approach science and technology professionals take when they Icarn and apply new
skills. The model begins with the invitation, which is a question about the natural world
(science) or a problem in human adaptation (technology). The second stage is
exploration, in which the students observe, collect data, organize information, and think
of auditional experiments they might try. The third stage is explanation, in which the
students begin to construct their new view of the concept by integrating their preexisting
conceptions with the new information. The fourth stage is taking action, in which the
students demonstrate that they have truly integrated the information with their existing
network of concepts.

The panel’s instructional framework makes heavy demands upon teachers. How can
they

manage all the innovations? The panel recommends three changes in teachers’
development that should solve this probiem. In preservice development, the panel
recommends that a tcacher major in a discipline. A teacher should take coursework in
one or more sciences, as well as in child learning and development. The middle phase
of a teacher’s development should focus on guidance and feedback in situations that
gradually change from "ideal,"one-child, low constraint to real classroom situations At
this point the teacher should also attend to developing a repertoire of tcaching stratcgies
and to integrating thcoretical constructions into a rcal classroom. Finally, the later
phasc of development should concentratc on developing a teacher’s scientific knowledge
and providing the teacher with an environment in which new knowledge is supported
and rencwed.

In summary, the curriculum and instructional frameworks presented in this report are

new, innovative, yct based on sound rescarch. They introduce into the classroom science




and technology as the two disciplincs are practiced in modern society. This new

approach requires elementary school teachers to fulfill new roles and assume new
responsibilities. New support structures for teachers must be built, and administrators
and teachers alike must be willing to put forth extra effort to implement the frameworks.
Despite the difficulties, the rewards will be great: a scientifically and technologically
literate citizenry adequately prepared to take its place in the twenty-first century.




I. INTRODUCTION
[he following is a scenario on a new approach to teaching science. The classroom unit

on seeds takes place over several weeks.

A Science Classroom: An Interdisciplinary Approach

"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 are some of the many questions asked by Ms. Lopez’s seconc!
graders.

Today, seeds are the topic. As the students are thinking about the origin of seeds, Ms. Lopez
writes down their questions on a piece of oak-tag titled: "Questions We Have About Seeds."
Another chart titled "What We Know About Seeds" contains such statements as "Seeds grow in
gardens,” "You can eat sunflower seeds," and "Carrots don’t have seeds." Ms. Lopez refers to these
charnts constantly. She encourages the children to ask questions, and she guides the children as
they form their concepts and change their beliefs. She uses their questions and comments to decide
whether the children are ready for a "seed welk."

The next moring all the students go 0 a nearby field and collect seeds. Each student, besides
carrying a collection bag, wears a large wool scuk, used for collecting seeds, over one shoe and
pulled up to the knee. After returning from the walk, each stud.nt selects one seed to study
carefully with a hand lens. They observe what the seed looks, jeels, and smells like, and guessing
how it might travel. Then each child makes a presentation to the class, which is gathered in a
meeting circle. By taping the seed specimens onto a chan, the teacher keeps track of the different
seeds the class discusses. After the students tally how many of each seed they found, they graph
their results.

That evening, after the seed walk, Ms. Lopez reflects on the differences in the children’s
understandings of the structure and function of seeds. She notes which children easily made
observations and which ones had difficulty, which children made more obvious or more creative
responses, and which children seemed comfortable i uncomf- rtable using the lens for examining
their seeds. While planning the next day’s activities, Ms. Lopez consults her notes and places the
children in groups that will prompt and challenge each student.

The next day, some groups choose to count the seeds that came back on their socks and then plant
the seeds in large, self-sealing plastic bags and water; the groups then set the plastic bags and seeds
near the windows. In the days that follow, the groups will observe the germination process carefully
and compare the total number of seeds with the number that sprouted by making "ratio” graphs
and by writing corresponding sentences. Ms. Lopez invites other children to compare sizes of seeds;
she asks them to outline the seeds on graph paper and then count the number of graph squares
that each seed covers. The students discover that there is a great diversity of sizes and shapes in
different seeds and that the same kind of seed varies in size and shape.

1




Still other groups choose 0 continue working on their “sced journals," which Ms. Lopez requires al’
the students to keep. The children either paste in or draw the specimen and then write about three
seeds of their choice, including observations shared earlier in the meeting circle. Because studcnts
of this age have a range of writing capabilities, Ms. Lopez meets with each child and discusses that
individual's observations and writing. She uses both the journal entries and group presentations 10
moniior their understanding of diversity, cycles, and other major scientific concepts.

Ms. Lopez’s class spends most of the day working on the concepts of diversity and cycles. She
incorporates writing, math, and inquiry-based science activities into the program. The children will
also have to write a story about how a Native American girl uses seeds and plants, compose a
garden song, and complete additional writing and mathematical assignments.

In successive lessons, Ms. Lopez will call groups together and ask several activity-related questions,
the answers to which should be based on the students’ explorations. As she records the students’
responses, Ms. Lopez will ask the children to clarify their answers. Eventually, she will introduce
new vocabulary words and information that will help the students develop scientific concepts. A
few of the children may be unsure about the new information; they will need more time for
discussion and additional testing of their ideas before the new information becomes a part of their
personal understanding of seeds. For instance, last year when they were taught this unit, several
youngsters insisted that the lima bean embiyos they had discovered inside the seeds would grow into
lima bean plants without the seed halves attached. They were convinced thot the embryos could
"eat" the soil and water and grow into adult lima bean piants. 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
additional questions.

After her students have studied seeds for several weeks, Ms. Lopez rccognizes that they have learned
a great deal about diversity, life cycies, structure, and function. The children become adept
observers; they have learned to ask each other and Ms. Lopez about these developing conceplts.

Ms. Lopez knows they will soon be ready to apply their new knowledge and skills to other science
areas. With her class, she will retiin to the original questions and the children’s answers for them.
She will point out how much they have learned. The children will, as a group, write and producc
a booklet on how to plant seeds and care for the seedlings. Ms. Lopez will keep notes on the
progress of each child and the class as a whole. Eer notes will then become the source material
that will enable her to make more formal assessments for report curds, in conferences with parents,
and--for the class as a whole--to Mr. Sandowski, thz third grade teacher.

Is this scenario representative of science taught in today’s elementary classroom? At
first glance, the unit lesson may seem characteristic of a typical classroom lesson.
Unfortunately, closer inspection of the lesson and careful comparison with data about

science education in elementary schools reveal that Ms. Lopez’s unit on seeds is an
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uncommon approach to teaching science in elementary schools. The teacher-directed
activities are "hands on", student oriented. Ms. Lopez carefully orchestrated the class

activities and sequence of the lessons.

The lesson began with students’ questions about the natural world. The students were
mentally engaged in the activity; they had a personal invitation to study science. Ms.
Lopez recorded the students’ questions and current knowledge. She began the lesson
with the origin of scientific investigation--a question about the natural world. This
introduction to the lesson allowed Ms. Loupez unobtrusively and uncriticaliy to assess the
students’ current knowledge and to capitalize on their interes’s. From this assessment,

she helped the students develop a meaningful understanding of a few scientific ideas.

First there was an invitation to learn, then the students’ explorations and discoveries,
then students’ explanations. Throughout the instructional sequence, Ms. Lopez
monitored the students’ development of concepts and skills, assessed their progress,

and accordingiv adjusted her teaching strategies.

Although the lesson was about seeds, Ms. Lopez used the experiences to introduce
diversity, variation, and cycles, all three of which are important scientific ideas. She
taught vocabulary, for example, by relating it to botanical plant names or to seed parts.
The lesson extended over several days and focused on major concepts, an approach
that encouraged depth of study within a breadth of topics, for example, describing the
uses of various plants, diseases, and the development of agriculture. Ms. Lopez also

integrated science with the other basics of elementary education--reading, writing, and

mathematics.




The Current Situation in Science Classrooms

The following discussion points out the unusual qualities of the lesson Ms. Lopez taught
and introduces the panel’s recommendations, in the context of the classroom described
in the scenario. How does this example compare with elementary school programs and
practices? The amount of time allotted to science and the effective integration of
science with other subjects reveal why Ms. Lopez’s teaching is uncommon. Although
resecarch has shown that children learn most effectively through hands-on science, and

principals agree with these findings, many teachers do not use this approach.

The 1985-86 National Survey of Science and Mathematics Education collected data
from teachers and principals about elementary sckool science programs (Weiss, 1987).
Also, available data are from a similar survey .upleted in 1977 (Weiss, 1978). Table
1 shows the average number of minutes spent in K-3 and 4 through 6 grade science

instruction in both 1977 and 1985-86 (Weiss, 1987).

TABLE 1

AVERAGE NUMBER OF MINUTES PER DAY SPENT
ON SCIENCE IN ELEMENTARY SCHOOLS

1977 1985-86

Grade Range Minutes Minutes
K-3 19 19
4-6 35 38

For comparison, teachers were asked to indicate the amount of time spent teaching
other subjects. In order from greatest to least amount of time, the teachers indicated

reading, mathematics, social studies, and science.
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That teachers are satisfied with the textbooks and depend on them presents a
significant obstacle to reforming elementary school science programs. Table 2 shows

that teachers use textbooks for instruction in elementary science.

TABLE 2

USE OF PUBLISHED TEXTBOOKS iIN SCIENCE

1977 1983-86
Grade range Percent of Classes Percent of Classes
K-3 63 69
4-6 90 89

The percentage of teachers who use textbooks has changed little over the nine years
between the two surveys. Teachess have also indicated that the quality of their
textbooks has not been a significant problem. A majority of K-6 teachers indicated that
the textbooks were clearly written, well organized, and interesting. These programs, the
teachers said, developed problem-solving skills, clearly explained concepts, and had an
appropriate reading level (Weiss, 1987). Teaching science as Ms. Lopez does is not
like the teaching norm, which is oriented to textbooks. The panel is critical of the
textbook orientation and believes that the most widely used books superficially cover

too many concepts, concentrate only on vocabulary, and underplay hands-on instruction.

What do teachers emphasize in their objectives and activities? Tabie 3 lists the

objectives that receive greatest emphasis in K-6 science.
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TABLE 3

OBJECTIVES OF SCIENCE INSTRUCTION
IN ELEMENTARY SCIENCE

Obijectives Percent of classes with heavy emphasis

Become aware of the information

of science in daily life 68
Learn basic science concepts 67
Develop inquiry skills 55
Become interested in science 54
Develop a systematic approach to 48

problem solving

Learn to effectively communicate 45
ideas in science

Prepare for further study in science 42

Although these objectives are generally congruent with thuse objectives stared in
textbooks, the actual programs often do not develop them. For example, there is often
little attempt to develop inquiry skills or to develop a systematic approach to problem

solving.

Teachers who participated in the 1985-86 survey were asked to indicate class activities

that took place during their most recent science lesson. Table 4 shows the results.




TABLE 4

PERCENTAGE OF K-6 SCIENCE CLASSES PARTICIPATING
IN VARIOUS ACTIVITIES IN MOST RECENT SCIENCE LESSON

Activity Percent
Discussion 87
Lecture 74
Demonstrations 52

Students use hands-on manipulative, or

laboratory materials 51
Students complete supplemented worksheets 38
Students work in small groups 33
Students do seat work assigned 31

from textbooks

Comparing these activities to those in Ms. Lopez’s class demonstiates the differences
between the general orientation presented in this report and current curriculum and
instruction. One of the more discouraging findings of the 1985-86 survey was that since
the 1977 survey, hands-on activities have decreased by 10 percent in grades K-3 and by
niile percent in grades 4 through 6. Lecturing has increased by 11 percent in K-3 and
nine percent in grades 4 through 6. These. trends are strangely at odds with the
opinions of teachers and principals about hands-on science instruction. Sixty-six percent
of K-6 teachers and 76 percent of K-6 principals think that laboratory-based science
classes are more effective. At the K-6 level, 89 percent of teachers and 92 percent of
principals strongly disagree with the statement that hands-oa science experiences are not

worth the time and expense (Weiss, 1987). Many of these data are corroborated by
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findings of the National Assessment of Ed cational Progress (NAEP) report The Science
Report Card (Mullis and Jenkins, 1988).

At first the panel was pessimistic about the results of the national survey and NAEP
report. Then, the panel was puzzled by the discrepancy between what teachers report
they ought to do and what they actually do. In the end, the panel decided to use the
disc.epancy as a twofold opportunity to construct a new vision for science in the
elementary school and to describe concrete recommendaticns for curriculum and
instruction. The panelists realize that elementary teachers have many tasks and
priorities, and that teaching science by using a textbook is efficicnt; it complements the
basics of reading and it requires marginal effort on a busy day. Yet it is hoped that
both the vision and the recommendations v/ill help teachers change their programs and

practices.

In the next section of this introduction, a new vision for those who work with science
p-grams in elementary schools is described. This vision begins the process of changing

elementary science prog-ams and instructional practices.

Frameworks for Curriculum and Instruction

The study panel focused on two frameworks, one for curriculum and one for
instruction. The study panel articulated a goal statement that guided its elat bration of
the frameworks.

Curriculum and instruction should provide children with appropriate
experience with scigr.ce and technology that enhance their sensibilities ahout
the natural and technological world, improve their skills of inquiry and
problem solving, develop their understanding and appreciation for the limits
and possibilities of science and technology, and contribute to their civility in
the conduct of human affairs.



This goal statement focuses on children and their experiences with both science and
technology. An in-depth explanation of the goals for the proposed frameworks follows
in the paragraphs below.

Sensibility is a combination of inteliectual, perceptual, and emotional responsiveness
toward the natvral world and human constructions. Sensibility reflects knowledge and
values which are educational goals that inciude traditional skills like manipulation of
tools and materials, and skills for rational inquiry, problem solving, and critical thinking.
Children should develop some understanding of what science and technology are and

are not, and what science and technology can and cannot do.

The statement about civility expresses two important goals. The first relates to being
civil in personal interactions; that is, being humane and appreciating differences
between individuals and their ideas. The seconds concerns the decisions and
responsibilities of citizenship. The summary statement contains no specific reference to
school, because children encounter and learn about science and technology in a variety
of contexts that include not only schools, but muscums, nature centers, clubs, churches,

and families.

The curriculum framework fundamentally differs from extant programs in three ways.
First, in the curriculum framework, technology is an important area of study and the
ernphasis on technology balances the emphasis on science. Second, the curriculum
framework calls for the students to study fewer concepts in greater depth, thereby
concentrating on several major organizing concepts, rather than on specific scien:ific or
technological topics. The panelists realize that focusing on concepts does not
automatically result in an in-depth study of them, but it is the first step. The design of
curriculum and instruction must complement the emphasis on depth of study and

understanding. Third, the time devoted to science and technology in elementary schools
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is complemented by incorporating reading, writing, and mathematics into the science
and technology program; and conversely, science and technology are integrated into

other curricular areas.

Each instructional framework complements the curriculum framework. The basis for
the instructional framework is scientific inquiry and technological probiem solving.
Additionally, the instructional framework promotes conceptual change and skill

deve! pment in all swudents.

The goal statement indicates that curriculum and instruction for science in the
elementary years should give students richly rewarding experiences. Clearly, for a
hands-on, inquiry-based program to succeed, facilities, materials, and equipment are
required. In addition, time, safety, and management of the science program are critical

issues addressed within the two frameworks.

In the following chapter, the science and technology concepts upon which the panel
constructed its frameworks are described. Following the discussion are chapters on
goals and rationale, instruction, curriculumn, and the educaticnal environment. Each
chapter has statements that summarize the status of that component in contemporary
science programs. The status statements are brief because the panel elected to
concentrate on the frameworks. We boxed and shaded the statements for contrasi with
our discussion of frameworks for elementary school science education. Summary

statements of the panel’s recommendations are provided at the end of each chapter.
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II. A CONCEPTION OF SCIENCE AND TECHNOLOGY

Presented in this chapter is a con ‘ept of science and technology appropriate to the
development of curriculum and instruction for elementary schools. Elementary teachers
often hesitate to teach science, because many lack the knowiedge, skills, and
understanding necessary to feel comfortable in a scientific envirorment. Cog1izant of
this problem, the panelists decided that the place to begin curriculum development is
not with topics and specific facts, but with constructing a view of science and technology
that elementary teachers can easily assimilate. If they assimilate this view of science
and technology, the teachers can expand their knowledge, improve their skills, and

develop more effective techniques for teaching science.

A Distinction between Science and Technology

The panel began with the assumption that all children should develop an empirical
understanding of the world. In this way they can taks control of their lives and
function productively in modern society. Most children today, howcyer, encounter
science primarily through its technological manifestations and usually cannot distinguish

science from technology. The panelists distinguish science from technology as follows:

Science proposes explanations for observations about the natural world.
Technology proposes solutions for problems of human adeptation to the

environment.

Figure 1 is a schematic showing the interrelationships between science and technology
and their connections to the goals for the curriculum and instruction frameworks. An
explanation of the connections between science and technology as drawn in Figure 1

iollows.
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Figure 1

The Relationships between Science
and Technology and their Connection

to Educational Goals

Science
(Originates in
questions about
the natural world)

Applies Methods
of Inquiry

(Originates in problems
of human adaptation in

Technology

the environment)

Applies Problem-
Solving Strategies

Proposes Explanations

(for phenomena in the natural
world)

Proposes Solutions

(to human probiems of
adaptation)

New
Questions

Social
Applications of
Explanations
and Solutions

New
Probiems

Personal Actions
Based on
Explanations
and Solutions
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A CONCEPT OF SCIENCE: STATUS

Science is primarily presented as a body of knowledge and only secondarily as a process
Jor establishing new knowiedge. The organization of topics and presentation of
science in current programs conveys the idea that science is disciplinary, cumulative,
and largely .ndependent of the processes used to develop new scientific knowledge.
Learning scientific knowledge is the primary goal of science education in the
elementary school (Weiss, 1978 and 1987; Harms and Yager, 1981; St. John, 1987;
Mullis and Jenkins, 1988).

“

Science originates in questions about the world. Scientific results are derived from a
recognized, though variable, process of rational inquiry. In Figure 1, the word propose
suggests that scientific explanations are tentative, which is a fundamental idea in
science. The word explanations, synonymous with meaning, serves knowledge.

Explanations proposed by science relate to observations about the natural world and

imply that humans have questions about objects and events they observe. "Why is the
sky blue? Where did the mountains come from? Why do I look like my brother? and
Why do objects fall? are typical questions children and scientists ask about the world.

Scientists may phrase questions in a more sophisticated language, but the questions are

the same.
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A CONCEPT OF TECHNOLOGY: STATUS

Technology is seldom presented as a topic of study. There is little or no distinction
between science and technology in current science programs for schools. When
technology is introduced, it is usually defined as the application of scientific
knowledge. In some instances, technology is synonymous with computers (Panel

review of major programs, June 1983).
T

Traditional definitions of technology, such as "applied science,” are inccmplete.
Technology, which is more than an applied science and more than a method, originates
in problems of human adaptation to the environment and results in proposed solutions

to those problems.

Humans need protection and food, and they need to move objects and information
from one place to another. The means used to satisfy these needs constitutes
technology in its simplest form. Historical examples of technology as use of tools,
development of agriculture, and use of weapons, illustrate the panelists’ definition
(Moore, 1984) of problems in human adaptation. There are many possible solutions to
problems in human adaptation, and inevitably there also are many objectives and
requirements. Some of these are constraints, such as availability of materials, properties
of materials, laws of thermodynamics, and societal requirements. Other variables are
cost and performance criteria (Caplon, 1988). Engineers often complete several designs
for projects so that they can assess trade-offs among constraints and variables before
making decisions. Although the methods of scientific inquiry and technologic problem-
solving have many common elements, the latter are distinguished by a concentration on
decision-making and risk-benefit analysis. Scientific methods of inquiry, on the other

hand, focus on explanatory power and like criteria.

14
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Science and Technology

Narrow definitions do not sufficiently explain the relationship between science and
technology, and although science and technology are different enterprises, modern
science and technology are inextricably bound to one another. Technology, for
example, helps formulate basic scientific explanations to the extent that one cannot
easily separate science from technology. We propose instead a model in which the
contribution of science to technology and technology to science varies along a
continuum. Attempts to provide qualitative descriptions of the continuum are likely to

be futile misrepresentations.

.
A CONCEPT OF SCIENCE AND

TECHNOLOGY: STATUS
Current programs present very little information about the relationships between sc.ence
and technology. Most contemporary science programs for elementary school
concentrate on science topics such as plants, animals, electricity, and the solar system.

Seldom is there a description or experience that identifies the interactions between

science and technology. Technology is typically defined early in a text series and

seldom mentioned after that. (Panel review of major programs, June 1988; Pratt et al,,
1981; Piel, 1981.)

Although it is not important that elemertary school students recognize the subtle
difference between science and technology, children at this level must begin to
understand the following five principles:

1) Science is an attempt to construct rational explanations of the natural

world.




2)

3)

4)

3)

Scientific explanations about the natural world are always tentative; they
continue to evolve.

Technologies exist within the context of nature, that is, no technology can
contravene biological or physical principles.

All technologies have side effects. Furthermore, just as explanations

problem< are incomplete and imperfect.

Because technologies are incomplete and imperfect, all technologies carry
some risk; correspondingly, the degree to which any soziety depends on
technology is also the degree to which the society must bear the burden of

risk.

Science and Technology in Society

ERIC

Aruitoxt provided by Eic:

Scientific and technological enterprises result in socially useful products. The direct
outcome of science is an improved understanding of the world, whereas technological
outcomes are generally more tangible, taking the form of products or services. In
either case, however, individuals and groups must make decisions and take action in
response to these outcomes. These actions or decisions move science and technology

directly into the realm cof public policy.




%
SCIENCE/TECHNOLOGY/SOCIETY: STATUS

The science-technology-society (STS) theme is not prevalent at the elementary level.
Commonly used textbooks contain little information about the personal and social
contexts of science and technology (Pratt, et al, 1981). Current programs give
marginal recognition to the nature and history of science (Harms and Yager, 1981).
Students are aware of pollution, energy, disease, and other issues, and they are
willing to make changes in their lives to solve those problems, but they do not feel
that their actions could have an impact on the world’s problems (Hueftle, Rakow,
Welch, 1983). New state guidelines indicate an increasing recognition of the STS

theme (Powell and Bybee, 198S).

m

Scientific and technological outcomes--proposed explanations and solutions--themselves
raise new questions and problems. The process represented in Figure 1 is, therefore,
iterative. The iterations can develop new explanations and solutions or amend those
already developed. These iterations demonstrate how open-ended science and
technology can be. The preceding discussion included a clarification of the panclists’
vision of how science and technology should be represented in elementary schools.
Unsolved is the overwhelming problem of how to contribute the basic knowledge and
fundamental skills needed for understanding and teaching this conception of science and
technology. It will not do to leave out technology as an area of study, and it is difficult
to place this additional burden on teachers without support. The panelists who were
responsible for designing the curriculum framework and instructional framework
recognized how difficult it is to change attitudes and assumptions about teaching
science. The other study panels (teachers and teaching, and assessment) have
combined their efforts with those of the curriculum and instruction panel, and together

they have jointly proposed a set of five recommendations (see boxed text). Clearly, all




parts of the program are interdependent, with the implementation of the new programs
contingent on changes in other components of the educational system. It is important

to view teacher development as something t' 't evolves within the total educational

system.
S Y e
A CONCEPT QF SCIENCE AND TECHNOLOGY

TOOMNAMINITY A"I"IO\!
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1) The program should clearly indicate that science proposes explanations for
questions about the world.

2) Also, the program should clearly indicate that technology proposes solutions for
problems of human adaptation to the environment.

3) Scientific methods of inquiry and technologic strategies for problem solving should
be introduced and developed.

4) The relationships between answering questions and solving problems, and the
interactions between proposed explanations and proposed solutions should also be
introduced.

5) Finally, school science programs should explore the personal and social utility,

limits, and consequences of proposed explanations and solutions.




IIIl. THE GOALS AND RATIONALE

The concept of science and technology presented in the last chapter orients the
curriculum and instruction frameworks. In particular, the orientatior larifies what we
mean by science and technology and it identifies parameters that differentiate our

frameworks from art, music, theology, and other domains of study.

A Concept of Science Education Goals and Student Objectives

Education, including education in science and technology, is a social institution. As
such, education in science and technology shares purposes common to all social
institutions in a democratic society: providing for the needs and continued development
of everyone and fuifilling the aspirations of the society. These goals are achieved in
ways unique to each social institution. For science and technology education, this
literally means educating students in the knowledge, skills, and values of science and
technology. Personal development and fulfillment of social aspirations, both of which
are educational goals, define and delimit the appropriate knowledge, skills, and values.
This discussion is elaborated elsewhere in both historical and contemporary context

(Bybee, 1987).

19

, v,




T e ]

THE GOALS OF SCIENCE EDUCATICN: STATUS

Scientific literacy is the goal of science education in elementary schools. This goal is
translated into objectives, such 4s learning basic science concepts, becoming aware
of science in daily life, developing inquiry skills, becoming intcrested in science, and
developing problem-solving skills (Weiss, 1988). Other goals include learning safety
skills, deveioping effective communication skills, and learning about careers in
science (Weiss, 1988). Three factors define the goals for elementary school science:

state guidelines, science textbooks, and publications in science education.

Rationale statements are usually presented with little philosophical or historical
orientation. If there is uny onentation, it is usually psychological. Educators have
various definitions of literacy. All are admirable statements but the programs often
have little relationship to the stated rotionale (Panel review of major programs,

June, 1988).

Goals and Objectives for Science Education

The goals set forth in this chapter are for all students, regardless of sex, ethnic origin,
or economic status. The compelling report Al One System (Hodgkinson, 1985) presents
demographic trends that indicate many school systems will have "minority major..cs” in
the near future and that many minority populations will become increasingly
heterogeneous. The next decade of population expansion in America will see a
significant increase in the cultural diversity of our youth population and an alarming
increase in the number of children being born into poverty. Compounding this are

spiraling increases in children born to unwed teenagers, children raised in single-parent
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homes, and latch-key conditions in which children will spend an increasing amount of
time unsupervised and dependent on themselves for motivation and social integiation

(Hodgkinson, 1985).

In the following statements of goals and objectives, the panel attempted o integrate the
concept of science and technology as stated in Chapter Il with scicnce programs
designed to include a broad range of students. These goals and objectives are
congruent with othcr long-standing goals (Bybee, 1977), and they accommodate
contemporary trends and issues (Champagne and Hornig, 1986). Each of the following
five goal statements is followed by a brief discussion. The panel decided also 10 include
objectives for the students, which follow each discussion.
L

Education in science and technology should

develop the student’s natural curiosity about

the world.
Children are naturally curinus about their world: they investigate, they inquire, they
examine. These behaviors demorstrate a combination of perception, intellect, and
emotion. Education in the early years must sustain these sensibilitics.  When educators
ignore the origins of science and technology and leap immediately to the correct
scientific answer, they often stifle a student’s curiosity. We recommend a new
acceptance of students’ curiosity as the place to begin their education about scicnee and

technology. The students’ objectives for this goal are twofold:

Students’ experience in the elementary years should develop their abilities to ask

questions about the natural world.

Students’ experience in the elementary years should develop their abilities to identify

problems of human adaptation.




Asking questions a. 1 identifying problems are the iritial steps in the doraains of science
and technology. Questions aund problems also are related io creativity, critical thinkin,,

and reasoning.

Af'er scientific questions are posed or technological prouviems are identified, *.e
students taks the second step, which is to apply methods of inquiry and to eniploy
problem-solving strategies. Figure 1 (in Chapter II) indicates a parallel relationsh’p
between these two pursuits, because many of the processes are similar. Methods of
inquiry and problem-solving strategies both contribute 10 an understanding of science
and technology and enhance the children’s abilities to reason logically, to solve
problems rationally. and to think critically and creatively. This discussion leads to the
panel’s second goal:
IL.

Science and technology education should

broades. the child’s operational and thinking

skills for investigating the world, solving

problems, and making decis.ons.

This goal includes observations, experimentation, ard other processes that science and
technology hold in common, as weil as processes unique to technology such as

considering cost and risk. Studen:s’ objectives are as follows:

Experiences in the elementary years should enrich the students’ undcrstanding

of, and ability 10 use, the methods of scientific inquiry.
Experiences in the elementary years should advance the students’

understanding of, and ability 10 use, the strategies of teclnologica’ nroblem

solving.
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The top of Figure 1 begins with the origin of scientific questicns and technological
problems. The figure then proceeds to chart methods of inquiry and problem-solving
strategies, which can include observation, classification, experimentation, and risk
assessment. Scientific explanations for phenomena and technologic solutions for
problems, regardless of whether the problems are individual or cultural, are derived
through these processes. Further, these explanations and solutions constitute basic
scientific and technologic knowledge.

IIL.
Science and technology education should develop the

student’s knowledge base.

The goals for any science education program should reflect the most important
contributions of science and technology to humanity. Clearly, one of the most
important contributions of science is its power "as a way of knowing" (Moore, 1984). In
that role, it has demystified the natural world and reduced fear and ignorance
(Bronowski, 1978). Unforturately, science is most commonly ¢ (ined as a collection of
isolated facts. Furthermore, the adult public perceives an 1 emp.hasizes that science is a

group of isolated facts. But this is nothing more than sutstiteiing one set of mysteries

for another.

Most scierce education programs introduce technology as the cnplication of scientific
knowledge. A reviev of any current elementary school science program supports the
assertion that there is no reascnable way that students could come to understand the
deep and broad importance of technology in human affairs. Presenting technology "as a
way of adapting” is an important recommendation made in this report. Technology has
not only alleviated many agricultural, transportation, communication, and defense

problems, it has created rew problems, such as resource depletion and environmental
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pollution. Technology has freed us from many dangers and problems, and it has
improved our quality of life. Likewise, the students need to recognize new problems
created by technology, such as pressures on the environment caused by population
growth or the ethical issues raised by modern health care technology. The panel
concluded that there is clear justification for including technological knowled: in

contemporary science programs.

The intent of the proposed program is to demystify science by redefining the scientific
and technological knowledge in terms of major concepts that are accessible to the
majority of people, concepts that are also the foundations of good science and
technology. Indeed, curriculum framework in this report assumes that children already
have begun to formulate conceptual structures that explain the world. The student

objectives are as follows:

Experience in the elementary years should develop the students’ scientific

explanations of natural phenomena.

Experience in the elementary years should develop the students’ understanding of

technological solutions to problems of human adaptation.

How do science and 'ology work”? What constitutes an ~dvance in science and

technology? When are explanations and solutions acceptable to the scientific and
engineering communities? There are habits of mind (Rutherford and Ahlgren, 1988).
rules of conduct, and procedural requirements associated with science 2nd technology.
When scientists propose explanations and engineers propose solutions, their

communities apply rules and evaluate the explanaiions and solutions. It is pussible to

examine the development of sci>nce and technology and their influences on society.




This constitutes the nature and history of science and technology, and it leads to the

panel’s recommerdation for a fourth goal.

IV.
Science and technology education should develop the child’s

understanding of the nature of science and technology.

This goal has two parts. First, the students should have some knowledge about the
enterprises of science and technology. Second, the students should develop some of the
habits of mind normally associated with science and technology. Statements of student

objectives include:

Experience in the elementary years should enhance the students’ understandinie o
P 33

science and technology as major human achievements.

Experiences in the elementary years should develop the students' abilities 1o recognize

and apply scientific and technological habits of mind.

At some point, each citizen must understand science and «echnology in a social context.
Yet, for the most part, the public has Iittle spevific knowledge of scientific study and
technological development. "Scientific habits of mind" is a phrase that encompasses
several characteristics in general and one characteristic in particular: dependence on
valid evidence as the basis for scientific explanations, and, by extension, technological
solutions. Dependence on valid evidence points to one critical faliacy in the creationism
versus evolution debates. The debate is not simply a matter of two conflicting theories,
since the creationists have presented no empirical evidence tor their position, and it is
therefore, by definition, not a theory. Students should understand and be able to apply

such criteria to arguments.
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V.
Education in science and techiology shouid
increase the child’s undeystanding of the limits
and possibilities of science and technology in
explaining the natural world and solving

human problems.

Science and technology affect our system of belicis--the way we thirk about ourselves,
others, and the world around us. Scientific and technological advances are
accompanied by social, political, and economic changes ‘hat may be beneficial or
detrimental to society. The impact of science and technology is never entirely beneficial

and rarely uniformly detrimental (Bybee. 1986).

There are two parts to this goal; one is social, and the other personal. Following are

the statements of student objectives for the goal:

Students’ expcriences in the elementary years should bring about greater awareness of

science aad technology as they relate to suciety.

Students’ experiences ir the elementary years should increase their ubility to use
scientific und technological knowledge, attitudes, and skills in making responsible

personal decisions und taking appropriate individual actions.

The world is infinitely complex. Children have a need to understand and bring order to
the complexities th=y encounter. Our student goals recognize various dimensions of
science and technology that bring order to objects and events. One dimension relates

to enduring questions children ask about nature. "Why is the sky blue?" "Where did

we come from?" Such questions direct education toward scientific explanations. A




second dimension relates to abiding quests of humans to adapt to the environment.
"How can we protect ourselves?” "How can we stay warm?" These are problems that

lead to technological solutions.

Education in Science and Technology

The goals and objectives of our curriculum framework assume that science and
techrology must be addressed as separate, yet interrelated areas of study. By their
nature, science and technology are "central to our welfare as individuals and to the
welfare of our society” (NSTA, 1982). Therefore, knowledge and skiils that help
learners understand the social usefulness of science and technology will also help

students take action as citizens (Rntherford and Ahlgren, 1988).

The most reasonable and effective understanding of the natural world is a dynamic
understanding that integrates biological, ck.emical, physical, and social aspects in each
explanation and exploration (Linn, 1987). Our recommendation is that the basic
knowledge, skills, and attitudes that foster such an understanding should be made
available to, and internalized by, students before completion of their elementary
education. This opinion is supported by recommendations of such organizations as the
National Science Teachers Association (NSTA, 1982) and the Naticnal Forum for

School Science (Champagne, 7986).

Harold Hodgkinson (1985:1) points out in All One System, \hat science educators must
"begin to see the educational system from tie perspective of the people whn move
through it instead of those who run it, we begin to realize a new obligaiion at the
clementary level in science ana technology education.” Learning-to-learn skills become
imperative (Hurd, 1986), as do specific skills in analytical and crzative thinking and

problem solving (Hurd, 1984, Welch, 1982). In the context of a rapidly changing



society, those responsible for science education must augment what is known about
learning and design an elementary curriculum that prepares individuals for interaction
in, and constructive contributions to, that society. Although the panel recognizes the
enriching opportunities available to individuals who continue their formal education
beyond sixth grade, the basic concepts, skills, and values proposed in the framework will
enhance both the life-long learning of terminal students and the learning of those few
who will eventually become professionals in science and technulogy. The panel also
recognizes that "learning occurs as the result of social interactions that take place in
formal (school) and informal (family, community, church) settings” (Champagne and
Hornig, 1987:9). Contemporary elementary curriculum and instruction in science and
technology should develop scientific and technologic explanations, solutions, strategies,
and attitudes that build self-confidence in life-lcng learners. This includes the insight
and experience needed fo. accessing both formal and informal resources that contribute
to continued self-growth and development. In addition, learning the social usefulness of
science and technology concepts and skills at an early age will contribute to both

individual sensibilities and an inform. i citizenry.
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SCIENCE AND TECHNOLOGY
EDUCATION: RECOMMENDATIONS

There are five primary goals for science education in the early years:

1L
2.

Develop the students’ natural curiosity.

Breaden the students’ procedural skills for investigating the world, soiving
problems, and making decisions.

Increase the students’ knowledge base.

Develop the students’ understanding of the nature of science and
technology.

Ensure the students’ understanding of the limits and possibilities of science
and technology in explaining the natural world and solving human

problems.

These goais are justified on several grounds. They are congruent with the students’

developing understanding of the world. They represent science and technology as

ways of knowing about, and solving problems of, the world, and they are applicable

to such other unifying goals of elementary education as developing the basic skills in

reading, writing, and mathematics.

“__
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IV. A FRAMEWORK FOR CURRICULUM

This chapter contains a proposal for a framework for a K-6 curriculum. A curriculum
framework is an intermediate formulation between the idea for a curriculum and the
curriculum itself; the framework specifies and explains the basic components used to
design the curricclum. A complete framework provides inforization needed to make
decisions about activities, lessons, units, and other specifics of the curriculum. At a
minimum, a framework defines enough of the proposed curriculum to differentiate it

from other curricula.

A curriculum framework has advantages and disadvantages. An advantage of the
framework is that curriculum developers at local, state, an national levels have
opportunities to provide specific ideas. One assumes those decisions would be made in
terms of the unique characteristics of students, schools, and states, yet still fulfill the
curriculum developers’ requirements. A disadvantage is that it is incomplete. It lacks a
scope and sequence, the placement of concepts and skills, the selection of topics and

activities, and the solutions for management, materials, and other practical raatters.

This chapter sets forth a framework for - arriculum design which consists of four
sections: organizing concepts, organizing attitudes, organizing topics, and themes.
Curriculum developers should use the {ramework as a guide for constructing a scope
and sequence and, subsequently, units, lessons, and other parts of a science and

technology curriculum at the elementary level.
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Fundamental Organizing Concepts for Elementary Science

L - .~ ]
ELEMENTARY SCIENCE CURRICULUM: STATUS

Topics, not concepts, are the dominant orientation for science in elementary schools.

Scier:tific information, facts, and processes are presented within iopics. Science
programs consisting primarily of textbooks, are organized around such topics as
plants, animals, rocks, and dinosaurs (Meyer, Crummey, and Greer, 1988; Panel
review of major programs, 1988). A few state guidelines or textbook series use
conceptual schemes or process skills as organizers (Powell and Bybee, 1988).
Laboratory-oriented approaches, as contrasted with textbook approaches, have
shown improvement in studem.’ process skills and scientific attitudes.
(Shymansky, Kyle, Alport, 1962; Bredderman, 1983). Most elementary teachers,
however, are not using a laboratory-oriented approach to science education

(Weiss, 1987, Mullis and Jenkins, 1988).

L ___________________________ ‘' _________W»’ - - -

A paradox arises when trying to prepare students for the future. Most science
educators are convinced of two equally valid but contradictory ideas, namely that our
world is changing at an accelrating pace, and that there are fundamental, enduring

concepts for organizing thoughts about the world.

The trite saying, "the only constant in life is change," is a poor description because
change itself occurs at increasing rates and in different directions. If this is true, and
the panel believes it is, then what ca. materials for elementary school science inciude
that will have lasting value to the students? What knowledge will help them understand
and adjust to change? Are there explanatory concepts that are so fundamental and

powerful that they will always be valid and usetul? There are fundamental organizing

concepts in science that :ll students, by the time they finish sixth grade, should




incorporate into the way they think about and explain their world. These concepts are

valuable for five reasons.

. They are applicable to both science and technology.

. They have applications beyond science and technclogy.
. They accomrnodate different developmental levels.

. They apply to the personal lives of children.

. They are powerfui explanatory concepts.

We now turn to the nine organizing concepts which the panel believes are central to a
sound elementary science curriculum. This section defines and describes each
organizing concept and lists possible teaching examples. These examples do not
constitute a scope and sequence; rather the panel presents these as examples of

teaching that make the aine concepts more understanuable.
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Organization (or orderliness)

Ideas and descriptior.s about the world can be organized in different ways, including
hierarchies, simple-to-complex arrays, and symmetry. Objects in nature or the
classroom can be assembled into groups showing hierarchies, such as atoms, molecules,
mineral grains, rocks, strata, hills, mountains, and planets. Some organisms contain
hierarchies in themselves--the trunk, branches, twigs, stems, and leaves of trees, or the

transportation or ccmmunications hierarchies within social systems.

Varieties of organisms, from single-celled amoeba, to sponges, to corals, and so on, can
illustrate simple-to-complex arrays. Technology provides examples of increasingly
complex objects that serve similar purposes. As an illustration, people slide down hills
in the winter using sheets of plastic, or they use toboggans, sleds, or acrodynamic
bobsleds. The objects are increasingly sophisticated, but ¢Il are designed to carry
passengers on a thrilling downhill ride.

Objects can be described according to common elements of symmetry and polarity:
they possess a top and bottom, a front and back; and in many cases, shapes are

repeated when the objects or organisms are turned or inverted.

TABLE 1

TEACHING EXAMPLES
FOR ORGANIZATION

PRIMARY (K-3) INTERMEDIATE (4-6)

« Sorting objects (e.g., objects - Identifying levels of organization,
that sink and objects that such as atoms; molecules; cell-tissue-
float) organs; earth-solar system; stars-

galaxies; and organism, population,
community, ecosystem

+ Ordering events (e.g.. + Describing the component parts of
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identifying the order of
planting a seed, sprouting,
adult plant, tiower, and
fruit)

Classifying objects and
organisms

Identifying groups of similar
animals (e.g., mammals,
reptiles, insects)

Identifying groups of similar
plants (e.g., bears, grass,
roses)

Developing a simple scheme
fo: classifying objects or
orga.lisms (€.g. animals
typically found in certain
environments)

Classifying objects and
organisms from simple to
complex

Identifying solids, liquids,
and gases (e.g. water as ice,
water, and vapor)

Identifying groups of objects
that have been designed or
constructed by humans

natural and 'echnological systems

« Specifying the hierarchial relationship
among parts of natural and
technological systems

« Describing the constituents of rocks

+ Recognizing patterns of leaves

« Identifying geometric shapes

- Describing symmetry of objects and
organisms

+ Dismantling and reassembling &
simple machine

+ Recognizing organization within and
among the atmosplicic, hydrosphere,
lithosphere, and cel.stial sphere
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Cause and Effect

Nature behaves predictabily. Searching for caus:s and explanations is the major activity
of science; effects cannot happen without causes. A common error arises when
individuals assume that events that occur simultaneousiy or sequentially have a cause-
and-effect relationship. For example, the rotation of the planets and a death in one’s
family, or a pregnant woman’s sighting of a rabbit and the birth of a child with a cleft
lip may happen simultaneously, but there is not a causal .nterrelationship. Some cients

require that several things must happen to cause an effect.

Classic activities with seed growing can illustrate cause-and effect-concepts. For beans
to be healthy, seeds need water, light, and warmth; well-organized experime'  can
show the effect of varying each of these three parameters. Cub Scouts disce. . er that
streamlining, carefullv aligned axles, and good lubrication all help to make a pinewood
derby car run faster. They also discover that, if too uch wood is carved off the car
bedy when attempting to make it streamlined, weight must be added to keep it heavy.

Optimum performance requires optimum conditions.
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TABLE 2

TEACHING EXAMPLES
FOR CAUSE AND EFFECT

PRIMARY (K-3) INTERMEDIATE (4-6)

+ Describing health risks (e.g., + ldentifying the effects of poor
riding a bicycle, crossing nutrition
streets)

- Identifying changes, e.g., + Describing cause and eifect in simple
heating/cooling, moving/not activities such as growing sceds
moving

« Describing simple « Describing the effects of various
technologies (e.g., scissors, substances on objects and organisms

paper clips, pencils)

« Using everyday examples to « Designing simple machines that
describe cause and effect achieve a desired effect
(e.g., lights, water,
temperature)

- Predicting a sequence of + Describing natural phenomena in
events for natural terms of cause and effect (e.g.,
phenomena and weather, erosion)

technological objects

« Describing interactions « Differentiating between correl itionn
between objects and and cause and effect
organisms (e.g., eating is
related to growth and
development)

+ Guving evidence tor interactions
between and among simple systems




Systems

Systems consist of matter, energy, and information, all of which move about from
reservoir to reser oir through carefuily delimited pathways. Both the amount of mutter,
energy, and information in reservoirs, and the rate of transfer through pathways vary
over time. Systems are understood by tracking changes and drawing boundaries around
the constituent parts.

%
One of the best-known natural systems is the hydrologic cycle. Water in solid, liquid,
and gaseous phases moves about the earth’s surface, sometimes residing in the
atmosphere, sometimes in living tissue, and sometimes in streams, lakes, groundwater,
and oceans. Being able to observe and measure this system helps us understand

weather, water supply, and pollution.

In the classroom, an aquarium might serve as a system. To make it a balanced
aquarium, the plants have to use the f{ishes’ waste products to provids enough oxygen
and food for the fish to survive. Of course, the plants also depend on a light source
for photosynthesis. Balancing the aquarium requires some knowledge about the matter

and energy present and how it follows the pathways from plants {0 water to animals.
Most technologies can be seen as systems. A common example is the furnace and
thermostat. This system is cybernetic; that is, information is related and acted upon’

within the system in a stabilizing way. A pronerly tuned heating system keeps room

temperatures from fluc.wating more thar a few degrees fiom the set point.
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TABLE 3

TEACHING EXAMPLES
FOR SYSTEMS

PRIMARY (K-3)

INTERMEDIATE (4-6)

« Describing whole systems,
such as toys and simple
machines

« Exploring a simple natural
sysieni

« Constructing a simple
technological device

+ Taking apart simple machines

+ Describing the school’s transportation
system

« Differentiating systems and
subsystems

+ Applying the concept of systems to
different objects, events, and
organisms (e.g., humans, earth,
electrical)

« Describing the characteristics of
different natural and technological
systems, (i.e., the boundaries,
components, feedback, resources)

« Idenufying matter and energy as
essential to systems
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Scale refers to relative and absolute quantities. Thermometers, rufers, and weighing
devices help students to see precisely that matter and energy vary in relative quantity.
Absolute notions of scale are important because certain physical and biological

phenomena happen enly within fixed limits of size.

For example, in biology, water striders are superbly scaled; they are able to run across
a puddle, suspended by the surface tension of water. If water striders were much

larger, they would sink; if they were much smaller and became wet, they would not be
able to break away from the clinging *vater. Full-term newborn babies are not healthy

if they are very large or very small. There is an ideal size range for healthy babies

In technology, scale is important to efficient operation. 3uses may only get tive or six
miles per galion, but they can carrv 40 or 50 passengers, thus making thera far more

fuel efficient than passenger cars. Technological devices must also accoun for human
scale. The bus driver’s seat must be desizned to accommodate tall, medium, and _hort

drivers.
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TAELE 4

TE/ “HING EXAMPLES

FOR SCALE

PRIMARY /.”-3) INTERMEDIATE (4-6)

- Drawing simple objects in - Stating different scales of time, space,
actual size and comparing and matter
the drawing to scale pictures

+ Recogrizing the differences « Mapping a small area
in children and adults

- Knowing that some objects, + Describing thie magnification on a
such as doll houses and toy microscope in 1erms of scale
trucks, are scale models of
real objects

« Designing a model of a - Making a solar system to scale for
simple object or organism both size of planets and distance

« Defining big/little, near/far, - Estimating the size of an object

short/long

- Computing the scale of geologic time
and astronomic distance

Designing a inachine and then
building the machine
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Models

To make sense of the world around them, huma.. beings create mcdels or metaphors
that show the essential character of the phenomena that interest them. Furthermore,
the models may be conceptual and consist of word descriptions or drawings. The
modles also can be mathematical a.id consist of equations o other formal
representations. Finally, there are physical models that consist of real objects that

possess some of the characteristics of the real thing.

The solar system is often modeled in the classioom by describing the planets as huge
balls moving about an eéven larger sun. Such a mode! solar system is usually to scale
for both size of planets and distance between planets. A mathematical mod«l o.” the
solar system might include the shape of a planet’s o.bit as being elliptical. And finally,
a physical model of the solar system might consist of a series of scale-sized balls placed

at appropriate distances throughout the room or hallway.

Models often serve as prototypes in technology and in that case may be full-sized
representations of the final product. Models usually possess only some of the
characteristics of the real thing. Children readily understand that most toys are models
that look like real objects, such as cars, airplanes, babies, and animals, but do not

possess all the attributes of those objects.

Models can be used to test the workings of technology without costly investments in
full-scale objects. Small boats and airplanes are tested in tanks and wind tunnels before
their full-sized counterparts are built. In this way, many design experiments can be

tested inexpensively to find the best results.
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TABLE 5

TEACHING EXAMPLES
FOR MODELS

PRIMARY (K-3)

INTERMEDIATE (4-6)

+ Recognizing numbers as
representations of objects or
organisms

« Describing the differences
between a toy car and a
real car

+ Providing z picture of a car
Or person

+ Identifying models that are
bigger than, smaller than, or
the same size as the real
object or organism and
explaining why each is
useful

- Constructing a simple graph

- Representing graphically a
relationship such as color and
wavelength

- Differentiating between a model and
reality

« Constructing models of linear and
exponential growth
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Change

Change is continuing and ubiquitous in the natural world. Some objects or organisms
(species) seem unchanging, but that is a function of our inability to perceive the rate or
scale of change. Frr example, mountains erode and species evolve, but the time
required to recognize substantial change is quite long. Changes in the size and
structure of the universe are tcu large for human beings to observe and to measure
directly, and mutations in genetic material are hidden unless they affect observable

characteristics.

Change in the natural world generally tends toward disorganization unless energy is put
back into the system. For example, a child’s well-organized bedroom will tend toward
clutter (a mess) unless cnergy is expended to keep the room organized. Similarly, a
bicycle will tend toward disrepair and wear out unless energy s expended to maintair
it. Some change is cyclical; that is, the direction of the change is reversed. Diurnal
cycles, lunar cvcles, seasonal cycles, and menstrual cycles are exampies. Some change is
one-directional; physical growth and intellectual development, puberty, and menopause,
for example. The ra.e of change can vary. For example, although all (normal) sixth
graders will ultimat:ly progress through the same developmental stages, not all or them

will reach the same developmental landmarks at the same time.
Technology changes as new problems arise and as new solutions supplant old.

Historically, many technologies have become more complex and have clL.anged from

functional adaptation to convenient utilization.
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TABLE 6

TEACHING EXAMPLES

FOR CHANGE
PRIMARY (K-3) INTERMEDIATE (4-6)
- Identifying the different + Naming .he stages of development
seasons by their attributes
+ Observing and describing + Observing and describing the
immediate changes properties of water, as in solid to
liquid to gas
- Observing delayed changes « Observing and recording the phases
of the moon
+ Observing personal changes + Identifying the changes in an
in a day, week, year ecosystem
- ldentifying ditferent types - Investigating different life cycles
and rates of change
« Describing growth of - Estimating the rate and direction of
organisms simple changes in physical systems
- Identitying indications of - Differeniiating between linear and
seasonal change during a exponential growth

nature walk

+ Recognizing the limits of change in
simple systems
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Structure and function

The way organisms and objects look, feel, smell, sound, and taste bears a relatiorship
to the actions they perform. The structure of leaves, for example, affects their
functions of energy production and transpiration. Skunk. use their scent glands for
protection. All automobiles have a similar shape tecause engineers know that this
shape improves the ability of an automobile to move dowr the highway efficiently.
Simnilarly, round, inflatable tires on a bicycle are conducive to the bicycle’s function.
More specifically, light-weight tires are designed for racing and knobby tires are better

for all-terrain bikes where traction is important.

In the biological world, both structurc and function are results of cumulative natural
selection. This is the major mechanism of organic evolution. The relatinnship is not a
function of purposeful design, nor does it occur by accident (unless one considers the
accidental nature of mutation, which is the ultimate source of all variations that may

have adaptive function).

The structure/function relationship also appears in artifacts. Archaeologists explain
artifacts by determining the functions of various shapes and forms found. For example,
small arrowheads were used for hunting birds, large spear heads were used for larger
animals. Some stones look and feel like scraprss or hammers and most certainly must
have bec~ used for those purposes. The congruence between structure and function in
technology is purposeful. Furthermore, the congruence can be refined by

eyperimentation.
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TABLE 7

TEACHING EXAMPLES
FOR. STRUCTURE AND FUNCTION

PRIMARY (K-3) INTERMEDIATE (4-6)

 Observing the st ucture of « Designing a plant or animal
an animal and its
relationship to function

« Describing the function of a  Inventing a simple device for
simple system (e.g., roof measuring wind velocity
shape for shedding rain and
snow)

« Designing a common object, « Interpreting antique objects
such as a plate, bowl, spoon,
or fork

- Examining simple plants and « Interpreting animal tracks
describing the parts and
functions

« Describing a bicycle in + Recognizing the relationship of
terms of structure and structure and tunction in humans,
function buildings, environments

« Building a structure from + Describing the functions of human
simple materials body parts

«+ Describing the structure and function
of tools

+ Recognizing the abiotic and biotic
structures of an ecosystem
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Discontinuous and Continuous Properties (Variations)

All organisms and objects have distinctive properties. Variation i> a universal
characteristic of the natural world. Some properties are so distinctive that no
continuum connects them. Examples of such discontinuous properties are

living/nonli~ing and saltiness/sweetness.

Most properties in the natural world vary continuously; that is, there is no clear
demarcation that distinguishes the variation in a population or the properties of objecis.
The colors of the spectrum, for example, constitute a continuum. Night and day,

height, weight, resistance to infection, and intelligence are all continuous properties.

Discontinuous variation lends itself to classification of objects by type; thi: kind of
classification emphasizes general properties rather than specific characters. Curtinuous
variation, on the other hand, makes typological classification difficult, because it
emphasizes finely graded, individual distinctions, as well as unity of pattern. An
understanding of continuous variation is the basis of thinking about populations and is
essential to an understanding of organic evoiution and the statistical nature of the

world.
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TABLE 8

TEACHING EXAMPLES
FOR DISCONTINUOUS AND CONTINUOUS PROPERTIES

(VARIATIONS)
PRIMAPY (K-3) INTERMEDIATE (4-6)
- Observing different tones of « Investigating the changes and
colors (e.g., variations of continuity in properties in a life cycle
blue)
« Listening to different sounds « Recognizing the continuous
properties of color in a spectrum
« Di.ferentiating living and  Analyzing a graph of height in class--
non-living contrast with histogram of boys and
girls
- Exploring the properties of + Sampling height of individuals over
objzcts that sink and float time
« Developing a growth chart - Differentiating between aay and night
over time

« Describing the on-off switch as a
discontinuous variable
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Diversity

Diversity is perhaps the most obvious characteristic of the natural world. Not only are
therz many different types of objects and organisms but there also is considerable
variation within those objects and organisms. As scientific understanding of the natural
world has improved, humans have come to see that maintenance of diversity is
important to natural systems. For example, trees, rocks, and people al play important
parts in the ecological balance of a tropical rain forest. Should one component be

eliminated, the entire rain foresi is likely to suffer.

Technology proposes diverse ,olutions to problems cof human adaptation to the
environment. Snowshoes, cross country skis, and snowmobile. .are diverse solutions to
the problem of moving people acrass the snow. Such issues as economics, efficiency,
and esthetics will help determine which solution is best. Diversity also is evident in
human values and ideas. This diversity influences the problems individuals and societies

choose to address.



TABLE 9

TEACHING EXAMPLES
FOR DIVERSITY

PRIMARY (K-3)

INTERMEDIATE (4-6)

. Observing objects and
developing a simple
classification scheme

Observing different types of
objects and organisms

Identifying the differences in
pets

Observing and describing
the differences among
student: ‘n class

Listing the natural objects
and organisms on the school
grounds

Listing the constructed
objects on the school
grounds

Collecting organisms or
objects

Observing the differences
among leaves

Analyzing height and weight
distribution among class members

Identifying the range of similar rocks,
animals, or plants

Studying a simple ecosystem :0
identify the diversity of organisms

Describing the components of similar
i*hysical systems cuch as airline and
automobile travei

Obscerving the variations within one

type of leaf

Developing a life list of birds

Making a collection of mincrals 1nd
rocks




Organizing Attitudes

Science education in the elemeniary years should promote attitudinal development.
The panel’s definition of attitudes includes a disposition to behave in certain ways and
habits of mind that may result in predictable actions. For school science, there are at
least two sources and referents for attitudes--science and oneself. That is, science is
both a source of attitudes and a referent for an individual’s attitudes. Individuals can
have attitudes about both themselves and about science. It is the interplay of these

different attitudes that must be a concern during the early years of science education.

The panel began with the assumption that students bring certain attitudes to schoui,
and some of those attitudes will need to be modified. Some teachers and parents may
argue that schools should not impress certain sets of attitudes on learners. Howe-er,
there is a justifiable ; sition for science teachers in that we are developing attitudes
inherent 1n the scientific and technological enterprise. While individuals may
demonstrate those dispositions, they are grounded in the traditions of the scizntific and
technologic community. In fact, certain attitudes are in many ways unique to science
and technology and help differentiate science and tech. slogy from other important

realms of human knowing.

Scientific Attitudes

Develcpment of scientific aititudes does not occur out of a context. Lessons on "the
valuc of speculation” or "the need for accepting ambiguity" are not recommended.
Ways of looking at things develop over time and in the context of participating in and
learning about science and technology. The organizing concepts and sample activities

described earlier provide the basis for the development of scientitic attitudes.
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The study panel reviewed recommendations from the 1966 report Education and the

Spirit of Sciencz, published by the Education Policies Commission of the Nationa!

Education Association. The panel concurred with the ymmendation that science

education should promote understanding of scientific attitudes. Some of the most

important scientific attitudes that one can possess are as follows:

1

=2

Desiring knowledge. Recognizing that science is a way of knowing and
having a disposition toward knowing and undcrstanding the world are
important for elementary science education.

Being Skeptical. A part of this attitude is recognizing the appropriate
time and place to be scientifically skeptical and to hold a disposition that
authoritarian statements and self-evident truths can be questioned.
Relying on dota. Obtaining and ordering data are the basis for
explanations of natural phenomena. Relying on data also means rigorous
testing of ideas and respecting the facts as they ure accrued.

Accepting ambiguity. Data are seldom clear and coipelling; and
scientific information seldom, if ever, proves sometiing. New questions
and problenis arise out of ambiguity.

Willingness to madify explanations. As data suggest different
cxplanations of objects or events, one must be willing to change one’s
original xplanation.

Cooperating in the answering of questions and solving problems.
Coaoperation is important to the scientific enterprise.

Respecting reason. Scientisis value patterns of reasoning that lead from
data to conclusions and eventually to constiuction of theories.

Being honest. Data should be presc tea as they are observed, not as the

investigator thinks they ought to be.
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Attitudes Toward Science

Two major sets of personal attributes should be among the goals of science in
elementary school. One set is attitudes toward science, and the other is attitudes

toward one self and one’s abilities.

Do students like science when they have it in school? Are students interested in
science? Do they perceive science as useful in their personal life? The study panel
recommends a curriculum and instructional strategies that develop positive answers to
these questions A sense of awe about the natural world, perpetuation of curiosity,
creativity, using scientific resources to develop e: plana*ions aboat the naturat world--

these are positive attitudes toward science that the elementary student should develop.

Self-Esteem and Skill Develonment

The panel assumes that positive experiences in science education will alsc
contribute to the students™ self-esteem. Experiences in »_hool science she'd help the
students develop a positive outlook about their integrity, worth. and esteem.
Laboratory experiences in whi.ch the st :dents can achieve a sense of accomplishment
are especially helpfui. We now turn to a further elaboration of those skills that are =

necessary component of tl.e curriculum framework.

Organizing Skills
Deveioping a student’s skills is an important part of element. = ecacation, and science
can mzke contributions to this in several ways. First, science instruction can help

students develop process skills, such as observing. inferning, and classifying.  Second.

vhen the students use laboratory equipmen,, such as ermometers, balances, and
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microscopes; they develop dexterity and psychomotor skills. Third, science experiences
can contribute to the development of reading, mathematics, and aritten and oral

communication skills.

Skill development, in particular scientific process and thinking skills. are major goals for
science educators. In large measure, this goal can be attributed to the Commission on
Science Educatior. of the American Association for the Advancement of Science
(AAAS). These are three reasons that the processes shou'd be a significant compunent

of any elementary program. Table 10 lists fifteen AAAS process skills.

First, the prucesses of science contribute to the students’ overall development and to
other basic skills emphasized during the early years of schooling. Second, the process
skills have an enduring quality that will contribute to the studr .its* abilities to answer
questions and solve problems even when the information base of science and technology
changes. Third, understanding and using the proces: <kills of science contributes 1o the
students’ basic abilities in other, non-science areas such as language arts, social stuaies.
and comrnunication. The panel identified three levels of organization for skill
deve'lopment. Those levels are information gathering, probls a solving, and decision

making.

information gathering. One of the first steps in answesing scientinc questions or
solving technolog’ :al provlems is obtaining information. [nformation-gathering activities
have traditionally taken plaze in a iaboratory or have been investigations of nz.ural
phenomena. The use o1 these types of activities has declined, but it is nevertheless

recommended that they be used. (Weiss, 1987; Mullis and Jenkins, 1988).
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TABLE 10

Process Skills

1. Classifying
data

2. Communicating

3. ot trolling vaizbles
4. Defining operationally
5. Designing experiments
6. Formulating models
7. Hypothesizing

8. Inferring

9.

10.

11.

12.

13.

14.

15.

Interpreting

Measuring
Observing
Predicting
Questioning
Using numbers

Using space/time
relationship

A Student should also Jevelop skills for researching, such as the ability to identify

sources of information and to ure information-retrieva! systems. When gathering

informa:.on, one must read, write, and speak clearly, all of which are communication

skills.

Problem solving. The panel uses the, term problem solving to express the processes of

answering scientific questions and solvin}, technological problems. As with informa: °n

gathering, problem solving reqiures skills that are common to bcth science und

technology. These skills include the ability to state questions, identify problems,

hypothesize, predict, separate and cnntrol variables, infer, design experiments, formulate

models, and interpret data. New skil.s that are technologically important, include the

ability to identify alternative solutions and assess th. costs, risks, and benefits of

technological solutions.




Decision making. Decision making is not a traditional science skitl, but is included in
the recommendations because decision making is a logical extension of those skills that
have been incorporated into school science pro,.ams. The recent emphas:s on critical
tninking and analytic skills is, in many ways, the basis 1or decision making. Further,
decision making is integral to solving techr.~ogica. problems. Also, the summary pitrase
of engineering--design under constraint--suggests tha* effective decision liaking is the
#ssence of technological processes. Once the students have identified the problems and
assessed alternative solwions, they must decide on the best solution aad then plan and
carry out  project that meets the required standards. As students go through this

process, they must use tools, behave safely, and evaluate their ootions.

The skills incorporated within the curriculum framework are generally arranged in a
hierarchy that complements the development of school-aged children. Tha: is, in the
lower elementary grades there is greaier emphasis on information gathering and
descriptive processes, such as observatioa and classification. At the uppe- eleinentary

levels there is more emphasis on deductive skills and critical thinking.

Organizing Themes and Topics

A variety of themes and topics can be part of an elementary science and technology
carriculum. The major organizing concepts. attitudes, and skills presented above should
be integrated into all themes or topics that school personnel select f.r study Sume
possible themes and topics include space, structures, tools, ice cubes, .nachircs,
nutrition, patterns, transportaticn, food chains, fitness, waste disposal, ecosystemns, the
Arctic, farms, weather, communities, and pond water. Many of these themes and topics

were arawn from previously developed programs, while others :.re drawn from currently

operating programs. Many more theme: and topics are possihle.




The panel suggests at least six criteria for sclecting and designing themes and topics:

. They bui'd upon children’s prior experienct , and knowledge.
. They capture children’s interest.
. They are interdisciplinary, so that the children see that reading, writing,

mathematics, and other curricular areas are part of science and

technology.

. They should integrate several science disciplines.

. They are vehicles for teaching major organizing concepts, attitudes, and
skills.

. They allow a balance of science and technologic activities.

The seeds lesson described at the beginning of this report is one esample of a theme or
topic that meets these criteria. In some teachers’ classrooms cr schools, the seeds unit
could have been a vehicle for transmitting specific knowledge only. As presented in
this report, the se=ds unit focused on several major organizing concepts, such as
structure and function, diversity, and change (cycles). The icacher p' aned activit:=s
that encouraged the children to incorporate reading, writing, and mathematics (e.g.
graphing, ratio sentences) into their study of sceds. Ms. Lopez also planned activities
that encouraged the children to relate new knowledge to prior knowledge and
experiences. The children studied the biclogical and physical sciences. And the
ctildren demonstrated such attitudes as curiosity and skepticism while they developed

their thinking, orocess, and manipulative skills.

Developing themes or topics that meet the six criteria 1s a challenging task. One  =ct
of the challenge focuses on interdisciplinary n' ture of the themes or topics. Curnculum
developers ~an select planning models that range from strictly departmental orientation
to 2 fully integrated approach: parallel teaching, clustering of disciplines,

interdisciplinairy urits and interdisciplinary programs.
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La the first approach, parallel teaching, two or mcre instructors examine their respective
scope and sequences to see when sub-topics can overlep or interrelate. By <arefully
sequencing instruction in each subject, what the students learn in each class becomes
mutually reinforcing. 1'or example, a physical education teacher might plan to focu on
respiratory i.itness) activities at the same time the classroom teacher focuses or. the
cardiovascular systern. The oniy change in teaching that is required is timing wiat is

already taught.

A second approach consists of clustering similar disciplines so tuat teachers can work
togetbor from time to time on specific projects. For example, in a setting where each
teacher at the same grade level may have expertise in some curricular area, the
teachers might work together on the mathematical, social,and science aspects of the

topic, ecosystems.

A third approach is to de. )gn a complete curriculum unit. such as seeds or weather,
that includes contributions from several disciplines. Frequently, this approach may

stimulate new ways of looking at knswledge.

The fourth approach involves the development of a full scale interdisciplinary program.
At a given grade level, for example, several disciplines are integrated as the students
spend one or mcre hours each day focusing on a central theme, such as the Arctic, for
the entire year (Holmes, 1988).

Summary

This chapt-r presented a four-part framework that curriculm developers and school

personnel can use to develop a scope and sec  nce, and urits of study for e.cmentary
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school science. The scope and sequence and the units of study should be characterized
by organizing concepts, attitudes, and skills and by themz=s or topics that meet the
above stated criteria. This framework allows developers and <hool personnel t

include specific knowledge unique to their students, schools, and regions.

The curriculum framework the panel outl'ned in this chapt. provides a general
orientation of materials for a K-6 technology and science program. Among the most
important characteristics of the instructional activities within the proposed framework
are the following:
¢ Each is a hands-on activity, and *he students’ lives and their world are the
focus of activities.
. Scientific and technological concepts and ski.. are developed within a
personal and social context.
. Fewer concepts are developed in greater depth.
. The students construct their concepts, attitudes, and sxills through a
variety of experiences.
. The students also learn basic reading, writing, speaking, and mathemauical

skills in scientific and technologic contexts.

The panel believes that if curriculum developers attend to the four components of the
curriculum framework and to the five characteristics, then they can develop scope and
sequences, units of study and individual lessons that represent approaches to science
ana technology education that are appropriate for the elementary years.

In the course of this study, the panel did identify some programs that exemplify the
goals of the framework. Twelve of those examples are included in Appendix A
(Contemporary NSF Programs for Elementary Schools), and Appendix B (Science
Education Prog.ams that Work: Exemplary Ednucational Programs and Practices in the

National Diffusion Network). Educators interested in other materials, syllabi, and
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programs that in some meat ire exemplify portions of the framework proposed here are

referred to the NSTA publication, Focus on Excellence: Elementary Science (Penick,

1983) 2nd state guidelines on curriculum fro,,1 California, Wisconsin, New York, and
Flerida.

61




- S

N S —
A FRAMEWGRK FOR CURRICULUM: RECOMMENDATIONS

Curriculum for science and technology education should be based on major
organizing concepts. The concepts recommended by this study panel meet the

following criteria:

. They are applicable to both science and technology.

. They have applications beyond science and technology.
. They accommodate different developmental levels.

. They apply to the personal lives of children.

. They are powerful explanatory concepts.

The major organizing concepts recommended by this panel are

-rganization

Cause and effect

Systems

Scale

Models

Change

Structure and function

Discontinuous and continuous properties
Diversity

PN P LD

School science programs should also encurage the development of attitudes. The
study panel recommends that K-6 science programs incorporate the following
scien.ific attitudes:

1. Desiring knowledge.

Being skeptical.

Relying on data.

Accepting ambiguity.

Villingness to modify explanations.

Cooperation in answering questions and solving problems.
Respeciing reason.

Being ncnest.

PN W
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Science programs and science teachers also should be sensitive to the Zevelopment

of the students’ attitudes toward science ard toward themselves.

Science curriculum and instruction should encourage the students to develop their
skills. The panel has identified three levels of organization for skill development.

L. Gathering information.
2. Answering quesuons and solving problems.
3. Making decisions.
The panel believes that appropriately designed themes or topics can be effective

vehicles for integrating the organizing concepts, attitudes, and skilis. The pauel

sugges’s at least six criteria for selecting and designing themes and topics:

. They build upon children’s prior experiences and knowlzdge.

. They capture children’s interest.

. They are interdisciplinary, so that the children see that reading, writing,
1 thematics, and other curricular areas are part of science and
technology.

. They should integrate several science disciplines.

. They are vehicles for teaching major organizing concepts, attitudes, and
skills.

. They allow a balance of science and technolngic activities.

The use «. organizing concepts, attitudes, skills, and themes will encourage students
to see the common ground betweer the sciences. They will learn to better see the
similarities and differences between science and technology. Finally, they will learn

to see the relationships between scientific and non-scientific thought.

« .
U




Q

ERIC

Aruitoxt provided by Eic:

V. A FRAMEWORK FOR INSTRUCTION

The panel believes that science as a way of knowing (Moore, 1984) and technology as a
way of adapting are inportant themes for an instructional framework. Although scince
and engineering are separate fields of endeavor with distinctly different approaches, as
shown in Figure 1, the two are inextricably bound. Only about 30 percent of current
research can be labeled "pure” science, while over two-thirds of recent Nobel prizes
have been given for technological, rather than «ientific, advances (Hurd, 1989). We
belic e that a distinction between science and technolog,  not necessary, especially at
the elementary level of science education  Children should see science and engineering
as ways of asking questions, tinkering, searching for answers, confronting problems,
evaluating possible answers, and sharing discoveries. The panel believes that the
approach «cientists and engiiieers use to construct new knowledge provides teachers
with a model of teaching and learning appropriate for implementing the proposed
framework for curriculum. The panel believes that children should become acquaimted
with science and technology in ways tha. paral’el how scientists know their world and

engineers solve their problems

The framework for instruction is based on assumptions about students and learning.
These assumptions are drawn from research, znd they are striking! different from the
views held and promoted b, many teachers. These new assumpticns about students
and learning define roles for teachers of science that are quite ditferent from their roles
in most elementary classrooms today. In turn, these new roles require fresh approaches

to the development of, and support for, teachers.
What are the assumptions the pancl holds for stu’ s and learning?  What

implications do these assumptions have for the role of the teacher? s there a model

of teaching that can serve scicnce and technology education?  What are some
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appropriate strategies and techniques for teachers and children within that model?
What support systein is necessary for teachers to implement the proposed frameworks

for curriculum and instr .tion? This chapter explores answers to these questions.

Assumptions About Student Learning

s S L . S 3 Y

Assumptions Abnut Students and Learning: Status

Contemporary curriculum inaicrials and insiructional practices reflect thie belief that
lec ng consists of informaticn giving. This information is dispensed by the teacher
or through the t=xtbook, with the student taking a largely Hassive role (Novak,
1988). Educators tea:h this information through a pre umably logical sequence o4
topics. These topics are repeated systematically over the K-6 time period.
Students spenc most of their time listening to lectures ard reading about science.
They have few opportupities to explore natural phenomena direstly or to discuss

the results of their inquiries (Mullis and Ienkins, 1988).

Current science materials and instructional practices generally assume that there is one
style of lear..ing. The “ominant teaching model assumes that learning occurs
through listening and reading. Current curriculum and pedagogy fail to meet the
learning needs and requirements of a population that has diverse learning styles
and abilities to conceptualize (Fodgkinson, 1985; Weiss, 1987; Mullis and Jenkins,

1988; Pancl review of materials, June, 1988).
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For more than half a century, the principles of carly industrialized society, with its
factories and assembly lines guided by such values as mass production and cos:

effect veness, have influenced the design and practice of Awserican education. Mary
educators see "children as raw naterial to be stamped into shape, an empty urn into
which stuff called knowledge is to be poured” (O’Brien, 1989:260). Educators have
come {0 believe that improved learning comes about when what is to be learned can be
spelled out in ot ectives, which are statements that tell the teacher what to tewch and
the students what to learn. In science lassrooms, many teachers attempt to transmit to
passive students scientific knowled c wnat consists largely of definitions, terminology, and
facts. Among these educators there is the assumption that a student’s learning develops
from the sequential acquisition of skills and bits of information (Novak, 1988; Smith,
1989). It is assumed that the students must learn lower order information and skiils
before they can engage in higher level problen solving. Because classroom time for

science is limited, few students ever pave the opportunity to solve science probiems.

A second view of learning takes a cognitive perspective and argues that cdu.cators
should focus on the mental constructs and organizational patterns that students develon
and which they use to guide their behavior. This emerging school of thought--which
many researchers and educators call cognitive learning theory, or constructivism-
proposes that students actively learn and constantly construct their world view (Resni «,

1983; Linn, 1986; Novak, 1988; Tcbin, 1988).

This view of learning extends the development: ! perspective of Piaget by recogn'zing
that "learners build conceptual frameworks *hat are complex, highly organized, ana
strongly tied to specific subject maiter” (Linn, 1980:9) and by recognizing that dialogue
among chiidren is an impc tant strategy for encouragiag them to constiuct new

conceptual frameworks. Although this view . not markedly ditferent from those
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espoused years ago by Jean Piaget and Jjohn Dewey, there is a growing body of

research that demonstrates the validity of the constructivist view (Anderson, 1987). This
research confirms the view that knowledge is stored as a network of conc pts .n the
brain of the learner. Learners, tiaus, cons.ruct knowledge by making connections
between new information and their existing conceptual network (Pzterson, Fenn=ma,
and Carpenter, 1988). The constructivist view »f learning is linked to three reluted
ideas: prior knowledge, student learning styles, and corcentration of teaching or depth

and understanding, rather than on bieadth of coverage and knowleJdge of vocabulary.

Prior Knowledge

Using the constructivist paradigm, researchers have provided new insights into the
important role played by a student’s prior knowledge (Linn, 19845, Anderson, 1987).
Bartlett (in Cbampagne and Hornig, 1987) and Ausubel (1963) found that meaningtul
learning can occur when teachers present new ideas in familiar contexts. Only when
the students cannot relate new ideas to already familiar ones will they resort to
memorization and superficial learning, which is soon forgotten. Furthermore, research
cited by Champagne and Hornig {(1986) and that cenducied by Andersun and coiieagues
(Anderson, 1987) demonstrates that students hr ve understandings of science in ways not
congruent with viewpoints held by scientists. Driver (1983:3) refers to these incongruen:
views as alternative frameworks:

By the time children are taught science in school, their expectations ur beliefs
about natural phemomena may be well developed. . . " They may be poorly
articulated but they provide a base on which forma! learning can build. . . .
Such beliefs I shall refer (6 as "alternative frameworks” (p. 3).

Research indicates that students can cling to their erroneous viewpoints into adulthood
(Murnane and Raizen, 1988). How can educators help those studen.. develop new,

more soptisticated views f scientific concepts and replace these erroneous viewpoints?
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It is naive for teachers to believe that they can transmit correct views of -cientitic
concepts to their students through tae spoken and written word (Novak, 1988) Even
conducting a scienre demonst~ ‘ion designed to help the students overcome an ex: ting
concept is probably net sufficient. Champagne and Hornig (. 7) note . at students
who observed such demonstiations  ported ob. _rvations that were more « losely aligned
with their existing viewpoints than with what ac.ually happened. Learning that leads to
change conception takes time, because a student needs to compare and contrast new
information (somectimes presented by the teacher while at other times discovered
throagh inquiry) with an existing concept. With time and ample experiencss the
student gradually medifies or replaces the pre-existing idea with a new, more
sophisticated concept (Anderson, 1987). Tear.. .s have a responsibility to select
appropriate, meaningful materials, but it is the student who must bring meaning o

those materials.

Depth as Opposed to Breadth

_______ ¢

Research on th imporiaudce of prior knowledee, along with the findings that develeping
a more sophisticated view of a concept tuxes time, suggests that students should pursue
2 topic or a phenomenon in depth (Murnane and Raizen, 1988). Thus. teachcrs should
not require the children to mechanically 1ecite numerous complex scientific concepts,
nor should the cachers burden the children with numer sus detinitions and
nuscellaneous facte, Rather, a topic, such as seeds - its emphasis on such major
concepts as diversuy, cycles, and change--should spau several weeks or longer. The
wacher should provide many opportunities for the children to ask questions, to conduct
inqu- es, and to formulaw scientific concepts from their test and observations on
seeds. For niany teachets, this long-ranpe inproach represents a new view on "depth”;

the focus is on a deep.r understanding of fewer top”  rath s than svperficial coverage
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of many topics. The decrease in emphuasis on facts and definivions should encourage
learners to construct meaning, rathe; than to simply catalog facts and pieces of

inforr ation. "Less is more" is a guiding principle, for the icarning mphasis should be
on quality rather than quantity, on understanding rather than memcrization (Arons,
1983). The emphasis on teaching science in :pth rather than quickly and topit~lly
recognizes the complex process of conceptual change, a process that r quires t.at
students may either have to relinquish prior knowledge or reorginize it so that their
world view embodies new ideas. Learning is not simply the accretion of new knowledge
or the absorption of new facts. Rathei. it is an active process of construction, "the
mak.ng of connections between new in{rmation and the jearner’s existing network of

knowit dge" (Feterson, Fennema, and Carpenter, 1988:43).

Ms. Lopez based her instruction on constructivist psychology. She began the seeds unit by asking the
children to help Jier make charts; one chart was for questions the children had about seeds, and
another chart wa« illed with statements. These charts provided her with informotion on her students’
prior knowledge, and she used this information to deci'c on activities appropriate for the unit, for
example, the seed walk. Rather than focusing on miscellaneous facts and terminology. Ms. Lopez
planned activities that caused the children to think more deeply about structure, functio., and diy ersity.
The unit spanned several weeks, which allowed the children to fully explore thcir reconstiuctions o)
several concepts.

Learning Styles of Students

Some students blv 1 out responses to ques ons betore the teacher tinish them. O.hers
may reflect on possible answers for more than several seconds. Some students learn
effectively from lectures and readings, while others benefit from concrete and visaal
approaches.  All of these behaviors reflect what researchiers call learning styles. The
concept of learning styles dates at least to Hippocrates, who irtentified four personality
types. In recent years, educational resear  ers have refined our knowledge of learning
styles--that is, the ways we perceive, interict with, anc respend to the learning

¢~vironment.  Educators nave several models of learning sty. - from which (0 choose,
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including those of Dunn and Dunn; Gregoric-Butler; Hanson, Silver, and Strong: and

Bernice McCarthy (Kuerbis, 1986).

Children exhibit a wide variety of styles of learning Some can see the big picture, but

not the details. Others may have an opposite style of learning: they need to see the

trees first before they can cawision the forest. Some children are sequential i theil

style, while others are more global. All children ~play another aspet of learning

style--learning modzlities. The teacher can present new science information through

several modes or modalities: tactical, visual, or auditory. While most science teaching

uses a verbal mode through lectures and text readings, research suggests tiat "whenever
o o0

students were taught through resources or approaches that complemented their

modalities, they achieved significantly higher test scores" (Dunn and Dunn, 1987:59).

Clearly research on learning styles tells educaters that children have diverse approaches

to ;carning. While the American educational system has been successful for the first

half of this century, traditional educational practices no longer meet the needs of a

population that is becoming increasingly diverse. In the past two decades, the country

hac
R LYIvS

aficcted by dnorces, diugs, aad wenoge pregnancies.
More of our schoc  children are now drawn from homes in which English is a second

language (Hodgkinson, 1985). Research on learning styles begins to "point the way to

2 making instruc*” n more responsive to your jsters who do not learn and rewin

information in ways that conventional education provides” (Dunn and Dunn, 1987:55).
Role of the Teacher
Elementary teachers have a special role they should take when implenenting a

cu iculum framework that includes a constructivist model of learning, studying science

concepts in depth, and an emphasis on learning styles. Cimldren ariwe at Jhe doors ot
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ROLE OF THE TEACHER: STAT'JS

Teachers frequently 1ake a deminant :ule in which they deliver science information
lo children through lectures, demonstrations, and tex: readings Typically, they
choose topics with which they feel comfortable, usually in the life sciunces rather
than the physical sciences. Teachers pay little attention to major o:ganizing
principles in science when designing a pregram; they generally do not assess
students’ conceptual understanding, nor do they direct their teaching toward

studen .’ levels of understanding (Mullis and Jenkins, 1988; Novak, 1988).

.- - - - - .. .- . . ¢ |
elementary schooi, curious about the natural and human-made worlds around them.
From an early age they ask questions that are inherently related to science: Why is the
sky blue? How big will I be when I grow ~? How come rocks sink and sticks don’t?
Moreover, the children are unafraid to "mess about” as they becoms familiar with

science and technology.

So often, textbooks and lectures suppress a child’s natuial curiosity by limiiing the time
for science and by restricting the child’s exposure to science. Educators aeed to
nurture the curiosity that children biing to school. Educators need to begin with the
questions children have, and the need to recognize the specific beliein and concepts
chiléren hola. By helping ~hildren question their scientil’c concepts, teachers can help
children to seek greater depth of conceptual understanding.  Thus. the role played by

the teacher can best be described as one of fa-iiitation.

Teacher as Facilitator

Teachers must fezi comfortable with (heir role, not as expert providers ot knowledge,
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but as facilitators of learning. Teachers need to detystify science and chang= the
image many children have of the scientist as a man in a white coat who hus all the
answers. Teachers can help the students feel coufident and successful in science by

relating the science activities to the studen:s’ personal lives.

As facilitators, teachers greatly infiucnce the climate of the classroom. Thev can model
the qualities they wish to encourage in their students by showing curiosity, awe, and
enthusiasm. The teache: also is the strategist who plans and provides materials. The
lessons must be appropriate for the age and developmental level of the Ltudent..

Allotting ample time for science activities also is part cf the instructional strategy.

Inquiry and discovery methods of teaching science actively involve the tcacher and
children in questioning their ob-ervations of the natural and techno.ogical worlds.
Teachers and students should coliaborate as co-learners. A: the adult, the teacher is
coaching the students to probe and question the coacept or problem at hand, and to
generate new questions that lead to further investigation. Questioning skills, including
ample wait-time, shou'd be consciously developed by teaciers. In chocsing instructivunal
activities, the teachers must analyze whom they teach and consider their own personal
teaching style, the students’ learning styles and abilities, and the dynamics of small

groups.

Do our assumptions about earning and the role of the teacher as facilitator require
that alt learning must be through discovery? Lauren Resnick (Brandt, 1988:15), in
reviewing the new principles of constructivist learning tells us that the answe. is ro but
that, "it is not enough just to focus on making an excellent presentation.... Children
simply do not obtain the information the way a teacher says it. Resnick tells of
Leirhardt’s researchi on expert mathematics teachers who are tzaching regrouping ir,

subtraction. Even with a very clear explanation and the use of manipulatives, Leinherdt
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found children who had only a paitial understanding, some who had misunderstandings,
and soni¢ who had consiructed new explanations. Resnick concludes that "We have to
figure out how to teach in ways that do not just ‘impart’ knowledge, but instead help
students to construct their own interpretations.” (Brandt, 1988:15) In this chapter tae
panel describes, from a constructivist point of view, the roles of students and teachers
who actively implement an elementery science curriculum through a variety of

instructional approaches, and the students’ roles.

Cooperative Learninz. Children working collaboratively in small groups is an
inst.uctional apprcach that nrovides children the opportunity to verbalize what they
know and consider multiple viewpoints. Although constuctivism recognizes the
importance of each individual’s construction of 2 conceptuzl view, research points out
that corpeiative learning effectively promotes stude:  arning. Competitive learning, in
which students compete with each other for grades, ..nd individualistic learning, in which
students work independently, are less effective than cooperative learning. When they
contrast cooperative learning with both competitive and indiviaualized instruction, the
Johnsons (1€75:3G) concluded that "it is cooperation that is most productive in creating
fruitful learning climates and in promoting the accomplishment of most cognitive and
affective outcom=s." Apparently, as the students construct their concepts, it is
important that they negotiate new understanding. with their peers and the teacher.

They must test their understandings against the understandings of others.

Coope. ative learning 1s not the same as the small-group learning that many teachers
use. Rather, members of teams are assigned roles (for example, principal mvestigator,
recorder, and materials manager) and rotate those ro'=s so that members experience
the full renge of respor.  iiities within their group. Teachers should st.ucture the tasks
so that a spirit of positive interdependence develops. Children in 2 grou~ ceed to feel

that they are responsible for their own learning, as well as that of their teammuates. In
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additicn, cooperative learning requires face-to-face interaction among stdents and
individual accountability for mastering the assi- 1ed materials. Finally, teachers must
expect to hiip the students develop the interpersonal and small-group skills required so

that the - can interact successfully in a group.

Science instruction should employ all three mod.s of instruction: competitive,
individualistic, and cooperative. Teact - can improve the effectiveness of their
instruction and e quality of their stuaents’ learning if they attend to the appropriate
uses of each mode. Competitive activities are good for practice, recall, and review in
situations where students do not perczive that the goal is extremely important. In this
setting, the students can enjoy the activity regardless of winning or losing. Individual
activities are appropriate when the student must learn & specific skill or acquire specific
knowledge. Here, the goal is important to the student, who must take responsivility for
evaluating progress toward the goal. Cooperative learning is appropriate for such
activities as problem-solving, divergent thinking, and inquiry. Here, the goal is
imporwant for the student and the group. The students need to interact positively, share
ideas and materials, suppori one another as they take risks, contribute to the group

effort, and capitalize on the diversity of views among the members of the group.

In view of the growing diversity of students, the growing evidence that substantiates the
importance of constructivist learning, and the value of an approach to the science
curriculurm based on major concepts, the pancl believes that teachers should frequently

use corperative learning as a method of instruction in elementary science.

Ms. Lopez used cooperative learning groups extensively because she nad a dwerse
group of children and wanted them to skare their current constiuctions of several
concepts (for example, structure and function, diversity, change). But, she also used
other modes of instruction to help address the varying l2aming styles of her students.
She used large group instruction, for excmple, to allow the children to compare thei;
viewpoints.
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Problem Solving and Laboratory Activities Problem-solving activities told promise
"because learners arc nrovided experiences which approximate those of scientisis
engaged 1n constructing knowledge of science” (Tobin, 1988:6). Of course, many
teachers have used hands-on, process-oriented activities with their students. But such
activities do not necessarily involve problem solviag. When they studied worksheets and
exams associated with laboratory activiues at thc middle school level, Mergendoller and
colleagues (1988) found that many of the hands-on activities teachers used presented
the students with tew cognitive cnallenges. The activities encouraged students to focus
on the trivial aspects of the rontent, instead of concentrating on strategies that would
encourage the students to reconstruct existing conceptual viewpoints. Problem solving
only exists when the learner is unclear about what needs to be done to arrive at a
solution. The teacher can pose tasks, but thc icarncrs determine if the *tasks are

problems (Tobin, 1988).

Edrcators have much to learn about how to structure real laboratory tasks so that the
tasks become true provlem-solving actir“ties that will engage the students :n actively
constructing new meaning between prior knowledge and newly acquired information.
Apnropriate problem-solving activities encourage the | nrners to make the connections
between new information, which has been uncovered by solving the problems, and the
learners’ existing network of knowledge. In mathematics, researci has led to the
conclusion that "computational skills do not exist as lower order prerequisites for higher
order mathematical problem solving, but rather a .2arned in relation to and as part of
problem sciving" (Peterson, Fennema, and Carpenter, 1988:43). Thus, mathematics
teachers should use problem solving to teach addition @ d subtraction, rather than using
addition and subtraction to teach prob.cm solving. Althourh we need to uncarstand
problem solving in the context ot each subject (Brandt, 1985,. “he research on

elementary mathematics problem solving suggests that new science vocabulary, fac:s,

and such p ocess skills as observing and inferring, should 7 2 taught throvgh problem-




solving activities. Ms. Lopez, our ideal second grade teacher, employed just that
approach.

In Ms. Lopez’s classroom, children began the seeds unit by generating
statements from their prior knowledge chout seeds and listing questions they had about
seeds. Both the seed walk and the planting of their seeds led the childrer to generate
problems ‘hat they covld solve. In the process of acting on self-generated problems,
Ms. Lopez was able to judiciously introduce the children to new information,
vo.:abulary, and interesting facts about seeds, as well as several process skills that
encouraged the children to link the new knowledge to that which they aiready
possessed.

Tex*hooks and Lectures. As we noted early in this paper, about two-thirds of primary
teachers (K-3) and 90 percent of intermediate grade level (4-6) teachers use science
textbr,oks.  Similarly, lecturing dominates elementary science eaching (Weiss, 1987,
Mullis and Jenkins, 1988). If we should not expect chrldren to discover all learning by
themselves, then is there a place for t¢ books and lectures within the constructivist

learning paradigm?

An important compunent of constructivism is the active irvolvement of the learners who
construct their own interpretations of knowledge. As Resnick (Brandt, 1988:15) points
out, "Comprehension takes place when the speakur «nd the listener construct a

LOMANIOH 3paCC Of Tepresentation.” A teucher can be sure that no chiid will recewve the
information presented in a lecture precisely as it was transmitted. Most children will
get some portion of the information, w' e a few will raceive a garbled message and a

few will go beyond the information the tecacher delivered (Brandit, 1988;.

Textbooks and their printed transmittal nf information have produced from students the
sane learning results as lectures, even though publishers have attempted to present
scientific information in innovative ways. In an attempt to increase students’
comprehension of textbooks, publishers have improved the sequential nature of the text

material, have provided vocabulary lists at the beginning of each section, have
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emphasized by buld lettering new vocabulary in the text pages, and have provided
questions at the end of sections. Unfortunately, the students have responded by rotely
learning the new inlrma‘ion, by focusing only on the appropriate xeyword i.i a
question, by searchir._ Jor the word in the text, and by copying the sentences that
contain the word. Textbooks, as currently written and as used by most teachers, do not
encourage the students to interpret the new information in light of their prior
knowledge, and consequently the students do not in.prove their conceptual

understandings.

The structure and format of textbooks must change. In a recent study of elementary
science textbooks, the authors report that many textbooxs, including the ones most
commonly found in schools, are characterized by high numbers of content doma s and
new vocabulary. For example, this country’s most widely adopted program introduces
thira graders to 15 content domains (fcr example, animals, tools, machines) and 243
new vocabulary words. Furthermore, "the programs with the greatest amount of
content also had far more teacher-directed activities" (Meyer, Crummey, and Greer,
1988:460). Although the programs reviewed by these authors displayed great variation
in the amount of content presented, the panel’s own review of textbooks led to the
conclusion that current Lextbooks emphasize coverage of material, rather than student
understanding. The proceedings of a recent national conference on improving
textbook: Educational Development Center, 1987) recommended that a textbook
program should do three things.

. Get studeuts ready to learn new information.

. Actively engage students in integrating and orgamzing new info,mation

and uld information.
. Accommodate the students’ diversity and tap their strengths and nterests

when helping them extend new knowledg.:.
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This thrae-phase approach is similar tc the instructional model proposed later in this

chapter.

Teachers need to use textbooks differently than they do currently. The constructivist
paradigm sugge:its that students need time and frequent upportunities to read, to
Jiscuss new words and ideas with peers (for example, in coopeiative learning groups),
and to relate that information to what they currently know. For example, as we point
out ‘ater in this chapter, the students can profit from readings after they have initially
explored a topic. In addition, teachers should use text materials to help students link

the new information to the students’ knowledge.

How teachers use, prepare, and deliver information must also change. For the
constructivist, "Language is not a means of transporting conceptual structures from
teacher to student, but rather a means of interacting that allows the teacher here and
there to constrain and thus guide the cognitive cons.ruction « 7 the students” (von
Glaserfeld, in Tobin, 1988:12). Yet, a clear lecture can be the basis for learnine.
provided that the students have time to reflect on the new information and link it to
their existing knowledge and to problems they are solving. Mary Budd Rowe’s 20 years
or so f research on wait-time substantiates the importance of pausing about thice
seconds after questions and after responses (Rowe, 1983). “Lhis permits the students to
integrate the new information into their existing knowledge. Tobin (1988) found that
longer periods of silence effectively improved clementary and middle .heol students’
achievement when compared to teackers who used wait times  f about one-half second,
Rowe (1983) found that learning increased when high school teachers provided about
two minutes of time every ten minutes for reflection and discussion. Clearly. providing
the students with ample time to think about and interpret new information, Improves

the effectiveness ot cctures. The panel agrees with David Hawkins who summarizes
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Aruitoxt provided by Eic:

the case for instruction through lectures and textbooks:

Past experience must indeed be somehow summarized, must . ,ome way be
put in soluble capsules; it cannot be relived in its totality. If we had to relive
all past errors and discoveries, it would be a commitment to absurdity. A
part--indeed a major part--of the structuring of our minds must come from
instruction. But this obvious statement leads much too easily to noticns that
are, 1 believe, radically false. [Instruction by a teacher fails without a
matching construction by the learner, inducticn without spontaneity, words
without things. The lecture or the textbook passage that succeeds is one that
meets an apperception well prepared.  When we merely surrender to the
textbooks, we surrender defeat (Haw<i -, 1983:73).

In this secti.. we have described several instructional activities from the coustructiviet
perspective. The construc ivist understands the importance of learners constructing new
understandings. This  n contrast to those educators who believe .o the transmission
of scientific facts is of par: sunt importance. These educators disdain cooperative
learning and problem-solving strategies, for they view these activitizs as viking an
inordinate amount of time. Constructivists, on the other hand, vialue these approdches
for they are congruent with the research, which demonstrates that students need time 1o
think, that students benefit from comparning and contiasting poisits of view, and that

students must have opportunities to eapeiience hands-on, mentally engaging aucivities,

Childrer bring to new experiences that teachers have provided i manvelous diversity of
understanding.  These understandings they hiave brought from previous eaperience: an
past assimilation from adult and peer associations. The teachers” role is to help the
children sort and rectity this knowledge. “The art of tvaching, according to Hawkin
(1983:74), "is that of observing and histening, of scarching for clues, and of then
providing thut winch may steady and further a budding curiosity, or faihng, may lead o
further clues.” Teaching, then. is as profoundly inductive as the childien’s own learning,

and thas implies another role tor the teacher.
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Teacher as Assessor

Assessment is an important and integral part of teaching and learning (St. john, 1987).
It is especially important within the constructivist paradigm, for how are teachers to
know what questions to ask of students, what new experiences and information to
provide, and how much time may be required for the children to interpret new
information and integrate it with prior knowledge? The Center’s companion document,
"Assessment in Elementary School Science Education” (1989), presents an extensive
discussion of issues in assessment, in assessment of learning, and in assessment of
program quality. In this section, we described how assessment can serve instruction.
The panel urges the readers to consult the companion document for a detailed
discussion of issues surrounding the role of assessment in K-6 science education. All
science educators should be concerned about assessment for four reasons.

1. Assessment can be a very helpful .00l for guiding instruction and making it more
effective.

2. Assessment can impress on students, school staff, and parents the importance of
science learning,

3. Assessment can be used as a policy (ool for monitoring the outcomes of science
instruction and helping improve science programs.

4. For good or ill, assessment can exert a powerful influence on curriculum and

instruction.

As mandates for assessment grow, it becomes imperative to establish correspondence
between the goals of science education, the curriculum, and the test, and to establish
other means or assessment that might be used for correlating what children have
learned and accomplished in science. Assessments must support the teaching of

professionals like Ms. Lopez, not undermine them.
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Iacally, teachers like Ms. Lopez use tests for a variety of reasons, including: (1) finding
out ahout the students’ prior knowledge so that they can help studerts build upon those
conceptions; (2) establishing, after a period of instruction, what the students have
learned so they can shape subsequent teaching; (3) placing the students in productive
learning groups; (4) motivating the students to attend to assigned materials; (5)
communicating to the students the teachers’ expectations of what they are to learn; and
(6) documenting what the students have learned in order to inform them, their parents,

and subsequent teachers of individual and group progress.

At best, assessment can be a powerful tool for focusing instruction and providing the
teacher with valuabie information on how to increase learning. If assessment is
thoughtfully incorporated into instruction, it can provide teachers with the feedback they

need.

Unfortunately, few teaciiers use assessment as we have just described. Instead, they use
written tests at the end of textbook chapters rather than informal assessments. They
use information gaiucied from these tests to determine grades for students, rather than
use assessment information to serve instruction. Much of the information teachers need
to guide their instruction should come not fromn formal tests, but from informal
classroom observations. Teachers need to attend systematicaily to these observations,
perhaps by jotting down observations on file cards at the end of a day. Teachers
should scientifically observe the childrer. By observing children over a period of time
and by listening carefully to conversations children have with each other and with the

teacher, the teacher makes informal assessments reliable and valid.

Formal assessments also need to be reliable and valid. discouragingly, few tests that
teachers make are reliable or valid, and the teachers extensively use written tests to
assess observing,inferring, and problem-solving skills. Tobin (1988) has noted that

The desirability of using a range of techniques is based on an assumption

82




Q

ERIC

Aruitoxt provided by Eic:

that much of the knowledge acquired in a hands-on and minds-on science
program is tacit and has not been verbalized. Accordingly, although students
can apply certain knowledge when they do science, they cannot necessarily
1eproduce that knowledge in verbal form on a pencil and paper test or in o
discussion with the teacher (p.15).

Science educators and teachers need to develop valid assessment tools that are
measures of practical and problem solving skills. Moreover, teachers need tests that de-
emphasize facts and encourage students to search for connections between their prior

knowledge and new information.

As we saw in Ms. Lopez’s classroom, assessment serves both a formative and a

summative process and uses methods that range from the informal ¢ the formal.

Ongoing monitoring to find out what students know and the ability 10 use this
monitoring as a basis for shaping instruction is woven throughout Ms. Lopez’s
instructional activities about the seeds--at the individual, group and class levels. For
example, individual students were asked to keep journals--ongoing records not only of
student ability to make observations and communicate information, but of growth in
concepts and understanding about seeds. In addition to each student’s written record,
the "What We Know About Seeds" chart was updated at regular intervals. Thus, after
each activity, the students were encouraged 1o add to the chart--not only a variety of
facts about seeds, but understandings related to the nine organizing principles that
structure the elcmentary science curriculum in Ms. Lopez’s scheol. For example, even
initially after bringing in the seeds and surveying the class’s collection, the students
might have noticed that there are many different kinds of seeds (diversity) or that
sometimes it is hard to tell what is and isn’t a seed (organization) or thot seeds grow
into plants (change, systems).

Ms Lopez had many additional opporunities for evaluating growth of
understanding for individual students or groups of students. Each student gave an oral
presentation about a seed which had been found and examined, and each participated
in a group that was asked to write about graphs and shared in whole-class activities
in which each student questioned or issued a statement that revealed an indication of
progress (or lack of progress). Ms. Lopez was interested in several different ypes of
understanding: Did the children develop an understanding of the role of seeds and
food for animals and h.imans? More important, did they develop and understanding
of some of the nine principles that had been illustrated through the study of seeds?
Were they more adept at using a lens and at measuring length, weight, and volume?
And did they develop some sense of systematic observation, recording, and analysis of
data as they collected seeds, organized their collection, and germinated the seeds? As
Ms. Lopez kept notes on the progvess of individual children and the class as a witole,
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she developed the Source materials that would enable her to make more formal
assessments to be reported in report cards, to parents, and--for the class as a whole--
to Mr. Sawdowski, the third grade teacher.

A Teaching Model

The panel suggests that the instructional framework--methods for teaching and learning
science--should parallel the methods scientists and engineers use to uncover new

knowledge and solve problems.

The ©roposed instructional framework is a template which teachers can use to design
daily lesson plans and weekly (or longer) unit plans. The panel intends that the
framework will help ensure that science teaching and learning embodies multiple
approaches to learning (tantamount to the experiences of active scientists and
engineers), so that learners are asking questions, experimenting, and communicating
their new knowledge to colleagues. The students also should have the opportunity and
responsibility to act on newly reformulated knowledge and to ask new questions. The
framewol » should suggest to teachers and students that science and technology, as fields
of study and human endeavor, are dynamic. The framework reinforces the generative
nature of science and technology: questions and problems lead to tentative
explanations and solutions and in turn generate new questions and pror.ems (refer to

Figure 1).

Components of the Teaching Model

The proposed teaching model is based on four stages characteristic of the approach
taken by practicing professionals in science and technology when ihey learn and apply
new skills and information within their fields (Figure 2). The descriptive labels for each
stage are dynamic, as is the proposed cyclic nature of the model. The instructional

model further clarifies for the instructor the dynamic process that is science and
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emphasizes that although single lessons or units of study may have a beginning
(invitation) and an end (taking action), any new skills or knowledge will inevitable lead

to new invitations and, therefore a continuation of the cycle.

To help the reader better understand the model, we describe what might occur at each
of the four designated stages. Figure 3 lists key activities that might characterize each
of the stages. These stages represent activities that practicing scientists and engincers
might engage in as they learn: The states, therefore, parallel suggested activities. The
instructional framework incorporates the instructor as an active participant in the
learning process and provides a guideline for the teacher’s learning as weli as the
students’ learning, because most elementary teachers have limited foimal training in
science. In fact, the panel considers the model to be universal in describing any
learning in science and technology, including learning by professional scientists, teachers.,
and students. The model is applicable in both classroom and laboratory settings as well
as in less formal settings, such as the home, a park, museums, nature centers--literally

any place where an invitation to learning may be recognized and accepted.

Invitation. The beginning of any learning process in science and technology is
characterized by an invitation. In general terms, the invitation originates with «
question about the natural world (science) or a problem in human adaptation
(technology). Mor. specifically, an invitation may be quite spcriancous--such as a
student discovering an empty eggshell in the park--or it may be elicited by a
demonstration of a discrepant event. In both cases, questions emerge immediately, the
children and the teachers are observing together, and the stage is set for further
investigation. It is important to remember that invitations must engage the learner.
Therefore the learner must understand the event, question, or probleia well enough to
begin activ=ly thinking about the question or problem. If the question, or problent, is

not one the students are curious about, ¢r one they initiated, or one they want to
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address or solve, then further engagement will be difficult and likely will nct result in

ainything but rote learning (Hawkins, 1983).

Invitations can be made to the entire class. For example, to encourage the ckildren to
embark on a study of water orgatisms and environmental issues, the teacher might
bring in a sample of pond water and ask the qusstion, What lives in a drop of pond

water?

Because recognizing and accepting invitations involve choice, this is a stage in the
process to which the teacher should return often. Making new choices based on new
opportunities is something that easily excites K-6 students and will quickly create a
classroom of eager learners. Figure 3 lists suggested activities that are characteristic of

this beginning stage of the model.

Exploration, Discovery, Creativity. This stage of the teaching model buiids upon and
expands the science learning initiated by an investigation. At this point, it is critical
that children have access to materials and thau they have ample opportunities to
observe, to collect data, to begin organizing information, and to think of additional
experiments that they might try. The stage is characterized by a strong element of
constructive play or informal investigation 1n which the children try one approach with
the materials, share their findings with each other, and try another experiment. They
might use analogies or visual imagery to help them think about the new concepts that
they are encountering. They begin to explore how nev information gained from their
investigations relates to previous experiences and their cuirent level of understanding.
The teacher is a co-learner and also a facilitator who chooses materials and activities
that are iikely to lead the children to new discoveries and information. The teacher

observes with the children and asks questions with them. The stage permits & model of

87

Sy
o
)




Observe the natural world
Ask a question
State a hypothesis

Engage 1n focused play look for information
Observe specific phenomena
Collect and organize data
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Prioritize information and actions
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Figure 3

The Teaching Model and Teaching Examples
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many of the responses, such as awe, enthusiasn., curiosity, and the temporary

suspension of judgement thai are characteristic of scientists. The teacher also can
informally assess the children’s developing understanding of a concept and pose
questions that motivate the children to investigate further and try to link the new
findings to their current formulations of a concept. Figure 3 usts possible activities for

this stage of the teaching model.

Proposing Explanations and Solutions. In this stage, the learners continue to refine
their developing understanding of a concept. They construct a new view of the concept
by integrating their current conception with new information, which they have gained
through their explorations and discoveries. The children then analyze data that they
began to organize in the preceding stage and consider aliernate interpretations
prepared by classmates and the teacher. New explanations can be developed jointly
with the teacher and peers by sharing informatior and actively listening to one
another’s proposed explanations. Cooperative learning is an important part of the
teaching and learning approach. The students, guidcd by the teacher, may decide {o
perform additional investigations, usually more focused than those they conducted
carlier. The results of these experiments will help resolve contlicts that children have
between their previous understanding of a concept and a newly emerging view. Each
learner, with the assistance of the teacher, brings new meaning to a concept. This
cooperation between students and the teacher is an opportunity for the teacher 10
model qualities that characterize scientists: proposing ..nd accepting alternative points of
view, listening and questioning, persistence in seeking solutions, and working together
cooperatively. Figure 3 lists activities that are haracteristic of this stage of the teaching

model.

Taking Action. Once the students have constructed a new view of 4 concept, they are

usuaily ready to act on that new level of understanding.  Figure 3 lists possible ways in




which they can take action and demonstrate that they have truly integrated the newly
discovered information and proposed solution: nto their existing framework of
understanding. They might defend a point of view before the class or write a letter to
a local authority. Their new level of understanding may, and frequently does, lead to
new questions that provide the foundation for new explorations and subsequent
refinement of conceptual understanding. The teacher’s role is to encourage the
students to take action through the teaching examples listed in Figure 3 and to assist
the students in transferring their new knowledge to other fields of study. The teacher
also can assess, informally and formazlly, each student’s new levels of understanding and
gauge the effectiveness o the science program. This will help the teacher plan future

activities appropriate to a student.

In a classroom study on pona water, for example, the students’ new understanding of
diversity and the intricate relationships of a pond ecosystem may lead them to greater
appreciation for, and understanding of, the factors that affect a pond. The students
might debate the merits of various methods for maintaining a pond’s ecological balance;
they might write to a local council to argue that sources of pollution should be
stemmed, or explore how proposed measures of controlling pollution might affect the
local community beyond the immediate pond that they are studying.

Ms. Lopez’s unit on seeds began with the children generating both questions and
statements about seeds. This approach closely resembles the first stage of the
instructional model--invitation. The seed walk the next day is an example of an
activity that allows the children to explore and discover--the second stage of the
teaching model. During the next few days, the children engage in a number of
uctivities, miany of which allow the children to explore further. Some activities,
however, also engage the children in 1he third stage of the model--proposing
explanations and solutions. Here, Ms. Lopez takes an active role in posing questions
that cause the children to rethink their current beliefs about seeds ard several of the
concepts upon which they have been focusing. Toward the end of the unit the children
are posing questions of their own--setting the stage for additional explorations.




Other Models

The teaching model stated previously guides teachers as they construct their
instructional programs. The teaching model parallels the model of science and
technology provided in Figure 1, and it is compatible with the concepts of science and
technology presented earlier in this chapter. As with any model, the panel’s teaching
model fails to capture fully the rich complexity of scientific and technological methods.
The model’s stages are presented sequentially so that the model can be more easily
interpreted; naturally, the practicing scientist rarely, if ever, follows the model step-by-
step. In figure 2, the illustration, with its arrows and possible loops, illustrates the
complex nature of scientific investigations. In the classroom, after initial engagement,
the children and the teacher may engage in exploratory investigations, propose tontative
solutions, and explore concepts several times before coming to the last step, taking

action.

The teaching model is compatible with some models of teaching and learning, such as
those currently under development at the Education Development Center (EDC) and
the Biological Sciences Curriculum Study (BSCS). The EDC framework for
lnstructional strategies has four phases:

L Engaging. [he teacher proves the students’ prior knowledge, motivates
the students, sets goals, and starts experiments. Children ask Why? What
is it to me? and What are the goals anda expectations? They begin to
interact with materials.

2. Exploring and Discovering. The teacher is a facilitator who observes,
mediates, and assesses. Students experiment, observe, record and
interpret data as they soive problerus. At this stage, students work in
cooperative groups and share materizls, coach and monitor each other,

and report findings.
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phases:

L

wo

Processing for Meaning. Together, students and teachers question,
hypothesize, analyze data, build models, clarify concepts, bring closure and
apply new knowledge in other contexts.

Evaluating. Students apply, integrate, extend, and question their
knowledge. The teacher evaluates how the students’ concepts, process
skills, and attitudes have changed and judges the program’s effectiveness

in promoting changes in students’ concepts.

The BSCS model of teaching and learning is an outgrowth of the three-phased learning
cycle proposed by J. Myron Atkin and Robeit Karplus (1962) in the early 1950s and
later used in the Science Curriculum Improvement Study (SCIS). In more recent years,
science educators Anton Lawson, Michael Abraham, and John Renner (1989) have
further refined the original Atkin-Karplus learning cycle. In many ways their modcls

parallel the Center’s teaching model. As currently envisioned, the BSCS model has five

Engagement. Activities in this phase mentally engage the student with an
event or question. Engagement activiiies help the students make
connections with what they know and can do.

Exploration. The students work with each other to explore ideas through
hands-on activities. Under the guidance of the teacher, they clarify their
own understanding of major concepts and skills.

Explanation. The students exz’ in their understanding of the concepts and
processes they are learning. The teacher ciarifies the students’
understanding and introduces new concepts and s¥lls.

Elaboration. Activities in this phase challenge the students to apply what
they have learned, to build on their understanding of concepts, and to

extend their knowledge and skills.
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J. Evaluation. The students assess their knowledge, skills, and abilities.

These activities also allow teachers to evaluate a studeat’s progress.

In contrast to these models stands the Instructional Theory Into Practice (ITIP) model
developed by Madeline Hunter (1983). The panel believes that the IT{P model
contradicts what is known about how learners develop new conceptual understand‘ngs in
science. Rather, the ITIP model appears to be more conducive to instruction that
focuses on giving information to the students and drill-and-practice methods for
developing the students’ skills. Conversely, the proposed teaching model, which is
based on a constructivist view, is designed to teach the children a knowledge base,
scientific attitudes, and scientific thinking and problem-solving skills within the context

of active conceptual development.

The ability of the panel’s proposed teaching raodel (Figure 2) to incorporate models,
such as tnose used by current, major curriculum development efforts in elementary
science, demonstrates the robustness of the teaching model, and the power of "science
as a way of knowing" as a framework for instruction and curriculum. The frameworks
we have presented in this chapter and the previous one have significant implications for
teachers. The Center’s companion report, "Teachers and Teaching in Eleme.tary
Science Education” (Loucks-Horsley, et al., 1989) details the changes in the education
of beginning and experienced teachers that are necessary if schools are to implement
the findings and recommendations of this report on curriculum and instruction. We
turn now to a brief summary of the changes in the development of teachers that are

necessary to implement the frameworks for cu-riculum and instruction.
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INSTRUCTIONAL FRAMEWORK: RECOMMENDATION

A child’s prior experience and knowledge of science and techrology provide an
essential foundation upon which teachers can base a science program and
instructional strategies. At the primary level, teachers should build upon the
children’s natural curiosity about the world and help them develop the orgarizing
concepts (e.g., change, systems) of the curriculum framework. At the intermediate
grades, more attention can be given to activities designed to develop the children’s
growing understanding of concepts of science and technology. Throughout the
elementary years, schools and teachers must provide settings that allow children to
reconstruct and refine their view of the world through active, reflective approaches

to science as a way of knowing.

To "learn science by doing science,” Children need experience with a variety of
strategies and materials, rather than merely reading about science or performing
experiments that only confirm the information they have read. Moreover,
instructional variety is important if we are to meet the learning needs of a school
population that is rapidly becoming diverse in terms of learning style and cultural

backgrounds.
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The programs we envision will provide all children with ample opportunities to
experience the natural werld directly and to construct refined concepts of the world

through discussions with: their peers and teachers.

We recommend that schcols and teachers frame their instruction around a teaching

modei that reflects how scientists and engineers know their worlds.

Teaching Model

Invitation. This stage initiates the instructional sequence. The object of the
invitation phase is to engage the learner with a question, problem, or event related
to the concepts or skills of the learner.

Explorations, Discoveries, Creations. This stage provides students with experiences
that will help them to begin answering the questions and solving the problems
presented i.. the lesson. Most of the activity is limited by ma:erials that the
teacher provides.

Proposing Explanations and Solutions. This stage allows the students to express
their explanations and solutions. It is also a time for the teachers to introduce

concepts and vocabulary.

Taking Action. This stage completes the instructional sequences by having the
students do soriething with the knowledge and skills they have developed.
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Development of Teachers

The task for teachers in implementing the panels recommendations is immense. How
can they manage it all? Not surprisingly, there is no simple answer. Successful
implementatior: will tequire several significant changes in the preparation of new
teachers and the continuing development of expericnced teachers. In this section, we
brietly describe some proposed changes. In the chapter that follows. we describe part
of a necessary support system: the classroom environment teachers require to

implement a successful science program.

Teachers are the primary variable in the educational system. We emphasize that every
elementary teacher can teach science. It .s time to banish the notion that only science
specialists are capable of teaching science and that only the best students can
anderstand the organizing principles and u.icerlying concepts of science and technology.
If al! teachers are to incorporate the recommendations on curriculum and instruction
contained in this report, then major changes in the development of new and
experienced teachers will be necessary. Although the Center’s panel on teachers and
teaching recommend that there be better continuity between preservice and inservice
education, they recommend changes across three phases of teacher development: early,

middle, and later.

The early phase (preservice) of teacher development should include:
. A major in a discipline (in science, for science specialists).
. Coursework in one or more sciences that allows teachers to experience
science the way it ought to be taught.
. An introduction to child learning and development that is simultaneously
experiential and theory-based, and to the contextual factors that influence

learning and teaching, such as cultural and community differences.



A major change in the science courses that prospective elementary teachers take should

have the following features (Champagne, in preparatior):

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

They should be interdisciplinary in that they relate their particular field to
related fields (for example, a chemistry course would bring in physics,
math, biology).

They should ground the discipline in its philosophical assumptions and
historical context.

They should help the students relate the content to societal issues.

A course that had these features would do the following:

.

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

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

Prepare people with basic facts and principles of the science and some
thinking skills so that when they want additional information about the

science, they have the necessary data base and skills to access it.

The middle phase of teacher development focuses un teaching and includes the

following:

Development of a repertoire ot teaching strategies that apply knowledge

of science and of child learning and development.




. Opportunities to practice these teaching strategies with guidance and
feedback in situations that gradually change from ideal, one-child, low
constraint to real classroom situation.

. Special attention to science teaching and materials.

. Assumption of classroom responsibilities under supervision, also known as
student teaching or internship.

. Supported induction activities.

Activities throughout this phase require opportunities for inteasive, exemplary
experiences in classroom settings where theoretical constructiors can be integrated into

the real world.

The later phase of teacher development calls for flexible, adaptable teacher
development systems and strategies. Effective staff development for experienced
teachers has three ingredients:
. Knowledge about science, science learning, and science teaching.
. Strategies to help teachers develop and incorporate that knowledge into
their teaching.
. Structures that involve teachers in decisions about their learning and

create an environment in which new knowledge is supported and renewed.

If educators make the changes outlined above, then teachers can begin to successfully
implement this report’s recommended curriculum and instruction frameworks. These

changes in the development of teachers, however, must also be matched by changes in
the educational environment in which teachers work. In the next chapter, we present

the panel’s recommendations for changes in the educational environment.
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VI. EDUCATIONAL ENVIRONMENT

The educational environment has an important impact on elemer:ary school science
studies. The environment of science education in the classroom, therefore, should be
dynamic. Unless they pose a safety hazard, equipment should be part of displays that
pertain to science. Teaching and learning for an inquiry oriented program requires a
spacious room with seating arrangements conducive to a variety of instructional
approaches, such as individual work, hands-on laboratories, peer discussion, cooperative

learning, and large-group presentations.

We encourage teachers to consider the science classroom as a learning community.
Here, the students can learn from textbooks, from visiting guests and teachers, from
evidence the students have collected while working with science materials and naturai

objects, and from communicating with each other and their teacher (Jones, 1987).

We usually think of the classroom as the main influence in science education, but
recent research suggests that out-of-school activities are highly correlated with science
(Fraser, in Penick, 1982). Experiences outside the classroom are essential to the
curriculum. By using a variety of media, the children expand th=ir imagination and

have extended opportunities to apply a concept or skill.

The panel recommends that teachers use the community as a classroom and laboratory.
Museums, nature centers, zoos, and wildlife reserves are ideal extensions of the
classroom. The panel also encourage.s use of these extensions to make learning
personally meaningful for the child. To maximize learning situations, the teacher should
give ample preparation for the goals and purposes of these experiences.

Communication, in the form of discussions, writing, reading, and thinking, will help
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teachers and students answer the questions: Where are we going? Why are we going

there? and What will we learn?

The home is another influential setting in which to learn science. Parental involvement
and television are methods of promoting science learning. Homework is a valuable
complement to classroom instruction, particularly if it is checked and discussed within

the family (Murnane and Raizen, 1988).

Facilities and Equipment

To teach science in the elementary school classroom requires good teaching and good
hands-on materials. A teacher also needs plenty of space, tables or desks with ample
surface area, running water, and electrical outlets. When these things are not in the
classroom, elementary teachers need to make the most of the resources that are
available within the school and community, inc'uding the physical plant, surrounding

grounds, and human services.

A teacher who uses the proposed frameworks will need to depend on a well-maintained
facility. The availability and maintenance of equipment, media, and supplies should be
.Jequate to support the program’s requirements (Pratt, 1981). Systems should exist to
provide materials, collect and replenish materials for the next use, and offer assistance
in getung unique materials for interested students and teachers (Pratt, 1981). The
school should have allocations for a reasonable collection of science-related children’s

books in the school library (Huff, et al., in Penick and Bame, 1988).
Within each classroom, a setting should be maintained that allows for flexible seating

arrangements and provision of water, fresh air, and like resources. Within the school,

there should be space that allows for display of science activities, storage of materials
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and unfinished projects, and interest centers on science topics under study (Prait, 1981).

Outside the school, creative teachers can compensate for the lack of facilities and
equipment. The concepts of the proposed framework can be applied to any setting: a
teacher does not need a designated natural area near the school to teach change,
diversity, or systems. In urban settings, the teacher may emphasize technology over the

natural world to make the curriculum more relevant to the children’s lives.

Communities have rescurces, such as people, museums, nature centers, zoos, industries,
and farms (Penick, 1982). A teacher who uses these resources must make an extra
effort to make the experience meaningful, but the cooperation from community groups

is usually easily obtained and the rewards for the children are substantial.

Instructional Materials
*‘m——
INSTRUCTIONAL MATERIALS: STATUS

Science textbook series are the dominant instructional materials in elementary
schools. Textbooks focus on learning about science rather than encouraging
active involvement by students. Subjects are fragmented in most textbooks.
Textbooks emphasize description, explanation, and identification, and generally
neglect higher order processes, such as interpretation, evaluation, analysis, and

synthesis (Blosser, 1986; Weiss, 1977; Weiss, 1988; Jacobson, 1986; Boyer, 1988).

_—m

The use of materials in the proposed program will encompass a variety of resources
usually overlooked in elementary science classrooms. The orientation of the pProgram

requires materials that are both reusable and consumable. Many of these materials will
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have multiple uses and benefits across the curriculum, including art, social studies,
health, and other disciplines. The program will likely require some unique materials.
Students who are using the program will interact physically with instructional materials
through handling, cooperating, or practicing; the materials will provide greater realism
or concreteness (Holdzkom and Lutz, 1984). The program will help the teachers

integrate manipulative and visual stimuli with printed matter.

The use of materials will require attention to classroom management, school and
district-wide inventory, and financial support. The school budget should provide money
for materials, equipment, and books in sufficient quantities to enable all students to
have hands-on experience. Teachers should have access to petty cash funds to buy
consumable materials. Also needed are funds for staff development in science,
transportation costs for inps into the community, and resources for replacing science
supplies on a regular basis (Huff, et al.,, in Penick and Bame, 1988). S¢"ools should
look to science centers and other regional resources to help promotc student interaction

with exhibits and laboratory experiences that cannot be duplicated in the classroom.

The creative use of both formal and informal instructioral resources should be a part of
this curriculum. Educational TV programs, for example, can be used as topic

introductions, surveys, or motivating extensions.




Instructional Technology
*_“
INSTRUCTIONAL TECHNOLOGY: STATUS

While schools continue to_acquire microcomputers and similar technologies,

research indicates that teachers make little use of the equipment to enhance

their instruction. Typically, science students spend fewer than 15 minutes per
week working with computers. Moreover, research indicates a need to study
ways to improve education in science through information technologies (Bybee

and Ellis, 1989; Weiss, 1987; Educational Technology Center, 1988).

m

Technology pervades the children’s world, and can be used selectively to enhance the
learning process. There are several functions of technology for instruction in the
classroom, including the use of computers for organization, presentations, simulations,
and data collection. Computer technology can also help the teacher to simplify grade
books, to produce posters and banners, to provide access to word prceessing, and to

deal with other classroom management problems.

Schools need to budget for the use of technology in the classroom. First, training Must
be paid for. Secoud, someone must keep track of the hardware and software, as well
as evaluate new products and recommend purchases. Third, the cost of hardware

repairs and service contracts must be budgeted for.

Most schools have technologies consisting of chalkboards, overhead projectors, movic
and slide projectors, and televisions. While taking these technologies into account, the
proposed framework should accommodate the newer technologies, such as computers,

video/VCR, and camcorders. In addition, the curriculum should be ready to
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incorporate the newest technologies, such as hyper-card reterences, microcomputer-

based laboratories, and interactive video.
Bybee and Ellis (1989) have outlined recommendations for the abpropriate use of
information techrologies in elementary science programs. Their recommendations are

divided into two categories--microcomputer courseware and video courseware.

Microcomputer Courseware

There are several types of courseware, depending upon its instruction.:l purpose. Below

are descriptions of the major types.

Information Processing. Here, students use the microcomputer to ente., store, revise,
and print hard copy of text. Au information processor should have the :xtended
abilities to process and present both tatrular, graphics, and audio inform. tion; to insert
figures, charts, pictuses, graphs, text, and audio Into a computer progranmi and 1o dceept
text, data, graphics, and audio from other utilities (for ciample, scanner, ideo disc, and
microcomputer-based laboratories). The information processor should inciude the
functions typically found in spreadsheet, database, statistical analysis, and graphing

programs.

Microcomputer-based- Laboratory (MBL). With an MBL, students can use the
microcomputer to gather, store, display, manipulate, and analyze data. MBL software
and hardware packages will process data collected through probes and sensors. The
students can measure temperature, sound, light, pressure, distance, resistance, volt.ge,
heart rate, blood pressure, and electro-dermal activity. The microcomputer can stote

and display all data the students gather from the probes and sensors. Data gathered by




S ]

the MBL package can control the operation of the sysccm modelers, interactive

videodisc, and simulation packages described below.

Telecommunications. This involves trausferring information from one site to another
using microcomputers linke d via cabies, telephone lines, sateliite communication
systems, or a combination of the three. The telecommunications package should enable
students to searcu large databases and information networks (for example,
CompuServe) and to share information about their own investigations (for example,
KidsNetwork). By participating in the social enterprise of science, students can enhence

their understanding of the nature of science.

Systems Modeler. A systems modeler should be available to enable students and

teachers to express their thoughts about how systems work. The user can construct a
structural diagram of the compo nts of a single system and define the
interrelationships among the con.  =nts. System modeiers can teach cause-and-effect
relationships a: i the systems approach in modeling such phenomena as a food web,
populztion growth, digestion, sexually transmitted diseases, and soil erosion. In sor-
cases, the systems modelers will present students with a simulation of a system and its
model. The students can then manipulate the inputs and explore the relationships

among the components of the system.

Simulations. Microcomputer courseware should also include simulations for imitating
imaginary or real phenoinenon. The students will have opportunitics to provide input,
perhaps from a list of options, or to manipulate objects that the program graphically
represents on the screen. The input requested of the student will simulate the activities

that scientists do and actively involve the students in learning science.




Tutorials. An intelligent tutor should be a component of the information processors,

microcomputer-based laboratories, telecommunications package, system modeiers, and
simulations packages. An effective tutor can engage the student in learning activitics by

asking questions, giving directions, providing clues, and giving feedback.

Programming and practice reprcsent two additional uses of the microcomputer in the
classroom. Not all school districts will choose to acquaint elementary childrer with a
computer language, but when it is offered, LOGO, or a similar language, should be

used. Drill-and-practice computer programs should be part of an overall instructional

package.

Video Courseware

A technology-oriented classroom can include three types of video presentations--
sequential, archival, and interactive. Sequential video can present motion segments, still
frames, and time lapse segments to engage the students and dynamically present ncw

information.

Interactive video gives the students the chance to explore concepts in depth and to
control the learning experience. The students can use two kinds of interactive video--an
archive of still and motion frames and an interactive package that uses motion and still
images. With the archive video, the student is in complete control and can explore the
collection of images while seeking to understand a topic. With interactive instruction,
an intelligent tutor will guide the student through a series of interactions with the video
program. The video segments will be stored on laser-read discs, such as videodiscs and

compact discs, so that retrieval of information is easy and efficient. A microcomputer

will control the presentation.




Much work has yet to be done on the appropriate use of technologies for instruction,

but we are already learning much about the promise that information technologies

show. A long-term study of the use of new technologies to enhance student
understanding is underway at the Educational Technology Center of the Harvard
Graduate School of Education. The group’s Weight/Density and Heat/Temperature
projects use a hybrid of direct instruction and episodes of inquiry to explore the use of
computer-implemented interactive models that help students achieve conceptual change
in science. Prelim hary findings indicate that the approach helps students advance their
conceptual model of weight and density. The ETC'’s Nature of Science Project, which
uses software that includes multiple visual representations, has been successful in
increasing ratio and proportional reasoning in upper elementary students who failed

with more traditional methods (Educational Technology Center, 1988).

Time

__—
TIME: STATUS

Teachers and principals report that there is not enough time to teach science and
that teachers lack planning time. Inadequate time is a serious obstacle to
teaching science. K-3 classes devote an average of 19 minutes per day to science
and grades 4-6 devote 38 minutes per day to science. Of this time, lecture and
discussion dominate 74 percent of the time in X-3 and 87 percent in 4-6.
Although teachers and principals believe that "hands-on" approaches promote
effective science teaching, time devoted to this approach is less than one-third
(29 percent) in science classes (Weiss, 1978, 1987; Powell and Bybee, 1988; St.
John, 1987; Johns, 1984; Cawalti and Adkisson, 1985; Mullis and Jenkins, 1988).
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In advocating the new framework, we recognize that science learning will occur in many
different ways--during laboratories, museum visi's, reading lessons, math lessons, and

writing lessons. As science slips into diffcrent di ciplines, the topics in the program are
instructionally integrated, and the students will study science and technology for a larger

percentage of time than in previous programs.

The move toward the basics in education hurt the study of science in the elementary
school by lowering it on the priority scale of disciplines. Like math and reading, science
needs an estatlished place in the curriculum. We recommend integrating disciplines
and incorporating more science. In this way, more time is devoted to science
instruction. This approach will also circumvent the traditional problem that science as a
discipline endures. It is a subject taught at the end of the day, a last priority in a busy

schedule, and often not taught at all (Murnane and Raizen, 1988).

We recommend that teachers in the primary grades spend a minimum of 30 minutes
per day or 2%z hours per week on science. In the upper elementar; grades, teachers
should spend 60 minutes per day or five hours per week on science, allowing 50 peicent
of this time for experiential learning in the form of lahoratories and activities. It should
be noted that, in 1982, the NSTA recommended levels half this high (NSTA, 1982) and
Focus on Excellence currently recommends 100 minutes per week for K-3 and 150
minutes per week for 4-6 (Huff et al., in Penick and Bame, 1988). Given our
integrated approach, we recommend an increased time requirement. Much of our
suggested science time is integrated with other subjects. Activities include reading

science stories, doing arithmetic related to science, and writing about science.
Increased time spent teaching science in elementary schocls does not, in itself,

guarantee higher achievement in science, but greater amounts of time spent by students

on active learuing does lead to higher achievement (Staliings, 1975), and class time
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devoted to active teaching and learning of relevant skills is a powerful factor influencing
school learning (National Academy of Science, 1985). Like sporting or music skills,
science skills need practice time. It is unrealistic to imagine that 45 minutes a week
can make anyone a competent measurer or scientific problem solver (Hein, 1987). In
addition, learning concepts in depth requires time, so learning opportunities and

curricula should have extended time for exploration and reflection (Newmann, 1988).

Groups
_
GROUP WORK: STATUS

Students work alone or listen to the teacher about two-thirds of the time. The best
estimate of group work is based on a review of instructional strategies in
textbooks. Groups of students are not structured as groups for cooperative
learning and the mode of interaction does not simulate scientific collaboration
(Weiss, 1988).

L

The proposed program assumes a variety of student grouping arrangements and
suggests appropriate teaching sirategies for those groupings. For example, suggested
groups might include full-class involvement, small-group cooperative learning, and
individual projects or independent study. Effective groups are designed to address
student interest, management of equipment and lab space, abilities, and t need for
some random divisions. Grouping should always reflect the best benefit to the learner
and avoid convenience or restrictive groupings that foster bias by gender, culture,
ability, or handicap. Constructing effective learning groups holds great promise for

increasing quality learning time (National Academy of Science, 1985).
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Classroom Management
> ]

CLASSROOM MANAGEMENT: STATUS

Managemen{ of materials and students continues to be a significant barrier to
science teaching in elementary schools. Teachers and principals believe that
active, hands-on instruction is preferred; but, the special materials, equipment,
and especially management of students and materials, is the cited reason such

approaches are not extensively used (Weiss, 1987, 1988; St. John, 1987).

By its nature, the proposed curriculum implies a classroom in which talking, sharing,
and movement are not only acceptable, but necessary. By using ¢ ‘ups, the teacher can
shift from the role of leader to that of expeditor, facilitator, and co-learner. The
organization of tasks and preparation of materials is increasingly important, because the
teacher is not controlling each action. The responsibility for care of the classroom

materials must shift to the students.

Support from co-workers, principals, and the administration is invaluable to teachers
who use this framework. School personnel must accept noisier conditions. Aides and
research specialists can be of tremendous support to classroom teachers. A school-wide
policy for storage and maintenance of materials will help to alleviate management
problems. There should be a district science coordinator available when a problem

arises with a program, its structure, or its materials.
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m
THE EDUCATIONAL ENVIRONMENT: RECOMMENDATIONS

An effective K-6 science program requires a unique educational environment. The
study panel recognized this and made recommendations for facilities and
equipment, instructional materials, instructional techrology, time, student groups,
classroom management, and assessment. Some of the specific recommendations
include the following:
. Facilities should include appropriate flexibility for hands-on activities,
peer discussion, cooperative learning, and large-group presentations.
. Facilities should include outdoor environments, resource people,
museums, nature centers, zoos, industries, and businesses.
. Instructional materials should include a variety of resources that support
instruction which uses a hands-on approach.
. Technology should be a regular part of the curriculum and instruction.
. Computer technology should be used for instructional purposes and for
classroom marnagement.
. In the primary grades, children should spend a mirimum of five hours a

week on science.
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In the upper elementary grades. teachers should spend a minimum of eight
hours a week on science. Fifty percent of this time should be on hands-on
activities.

Use of computers and cooperative groups will contribute to more efticient
classroom management.

Assessment must be consistent with the goals of the curriculum.

Assessment should include an evaluation of high-order attitudes, and thinking

and problem-solving skills.

112

LSRN
-
e
ot

«J




VII. CONCLUSION

The panel’s vision fo: better elementary science presents a challenge that may be
unparalleled in the history of science education. Never before have we known so much
about how children learn and, consequently, so much about elementary scienc.

curriculum. Happily, we have this knowledge at a time when the citizenry of our

country demand improvements in ** : education of our youth.

A variety of people and groups must work together to meet the challenge. The panel’s
vision needs teachers who can orchestrate cla srooms for success. These teachers, both
new and experienced, must understand science and technology, see the interrelationship
between the two, and know how to teach science through technologies. It is
insufficient, even harmful, to simply require new and experienced teachers to take
several college level science courses. While science and technology coursework is
necessary, the courses must be designed in ways that allow the prospective teachers to
interact with the materials and their colleagues, in a manner similar to what we have

proposed for children. Teachers, like children, must actively construct new conceptual

understandings.

School leaders, especially principals, can play a key role in implementing the
recommendations of this report. Principals are more than building managers. They
serve as instructional leaders who must believe that science and technology are
important for their students and who can lead teachers towaru the vision the report
presents. In addition to leading the teachers, a principal must support them as well.
We cannot expect teachers to implement new elementary science programs without

€ncouragement and financial support. Moreover, the principal must be pivotal in

enlisting the support and understanding of parents. Informed parents can demaend that




the school district’s resources and priorities be aligned in support of the panel’s

recommendations.

The panel’s vision of the future alsc needs the support of educational, business, and
government policymakers. There is no question that the recommendations mean that
schools will need money for improving science teaching facilities, and for purchasing
new science curriculum programs and materials. Money must be found to fund
appropriate electronic technologies that will enhance science teaching and learning.
Finally, the cost of supporting the preparation and development of the teachers must be

underwritten.

The panel is asking for dramatic changes, in what science we teach our children and
how it is taught. We hope that you share our vision of the future and that you will
work toward improving elementary science education by implementing the

recommendations contained in this report.
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THE LIFE LAB SCIENCE PROGRAM
Life Lab Science Program, Inc./Addison-Wesley
This is a broad expansion of a program that has had ten years of successful piloting and
tryouts throughout the country, particularly in California. It pieviously had National

Science Foundation and U.S. Department of Education funding.

This K-6 program functions mostly in a garden. It will expand the proposers’ current
life science prograit into a comprehensive elementary science program. It offers an

explicit plan to involve students in a substantial number of good hands-on experiences
and it offers teachers friendly and manageable materials. The materials for hands-on
work are not only familiar to most teachers, but in terms of the’r quantities and cost,

are both affordable and manageable.

The Life Lab Science Program integrates conceptual learning and practical applications.
The applications demonstrate to the students how science relates to their everyday life.
They learn, for example, how their bodies, like plants, need nutrients, which are
available from various sources. They learn this through chemical ex eriments with, and
data analysis of, nutrients in soil. A variety of learnings are derived from this work,

including some relating to ecology, ethical issues, and decision making.

Roberta M. Jaffe and Gary W. Appel, the co-Principal Investigators of Life Lab Science
Program, Inc. (a uion-profit organization), will have the support of their own staff and
advisors, schools from around the country, and a major educaticnal pubiisher. Addison-
Wesley Publishing company will provide strong staff and financial support from
development through dissemination and teacher training, and assures potential for

broad use of this program in our schcols.
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THE SCIENCE CONNECTION
Houston Museun: of Natura! Science/Silver, Burdett and Ginn

This supplementary program for grades 1-6 is designed to take advantage of an existing
vehicle, the Silver/Burdett basal science textbooks, which are now n broad use, to
improve the quality and quantity of science being taught. The materials described

below will include co-relations to those programs.

A Scier.e Discovery Reader, which is for each grade level, introduces concepts within the
context of the students’ experiences. The readers are fun for children to read. Critical
thinking Juestions throughout these books checks the students’ understanding of the
concepts being taught, and the teacher’s editions suggest additional activities and

references.

The Science Shoebox Recipe File provides teachers with plans for self-contained, hands-
on activities. The activities coordinate with the plo. and action of stories in the Science

Discovery Reader.

The Science Extension relates the concepts developed in the basal textbook series and in
the Science Discovery Reader to other schoo! aiscipiines and to the students’ out-ol-

school environment.

Anciiary audio and video tapes are also available.

Carolyn Sumners and Terry Contant, the Principal Investigators, have the support of
their own institution, the Houston Museum of Natural Science, plus an arrey of
university and school advisors and a major educational publisher. Silver Burdett, and
(iinn publishing company provides financial support and a strong stait tron
development through dissemination and teacher training, and assures potential for

broad use of this program in our schools.
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SUPER SCIENCE: A MASS MEDIA PROGRAM
Scholastics, Inc.

The Scholastic, Inc. project, Super Science: A Mass Media Program, has launched two
classroom science magazines, one for grades 1-3, another for grades 4-6, with a
companion series of computer-disk materials. They stress hands-on and inquiry
activities that mix science with reading, math and social studies. The science-and-
technology skills and know-how that students will need as consumers, workers, and
citizens are important to the development of the project. The magazines have teachers’

guides and a special periodical for early grade teachers.

The project’s staff used a three-part, team support effort to develop Super Science.
First, a panel of leaders in science education has served as advisors and consultants.
They ensure the pedagogical scundness of the program. Second, administra.ors and
teachers in nine ethnically diverse districts nationwide have helped formulate the scope
and sequence plan for the magazines and software and have tested for class practicality.
Third, The Triangle Coalition for Science and Technology Education will invest inexcess
of $5.2 million during the four-year development phase and will continue the activities

in subsequent years.
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FULL OPTION SCIENCE SYSTEM (FOSS)
Lawrence Hall of Science/Ohaus Sczle Corporation

The Center for Multisensory Learning of the Lawrence Hall of Science, with this Full
Option Science System (FOSS), provides, for grades 3-6 a collection of multisensory,
laboratory-based science activities. Some of these will be products of new developmer.,
and some will be from the 1986 FOSS pilot project, which received National Science

Foundation funding.

The FOSS project will produce five preducts that will be developed with the
cooperation of Ohaus Scale Corporation, who will bring the FOSS project to the
market after the third project year. The products will include 16 moduies of laboratory
acuivities; a materials assembly procedure document, which should help teachers gather
equipment for the activities; a set of correlation tables that will assist with textbooks,
with other hands-on resources and with the integration of FOS3 activities into a

particular framework; laboratory equipment; and worksheets and instruction sheets.

Lawrence P. Lowery, the Principal Investigator, will have the support of his Lawrence
Hall of Science staff, and will work closely with local school districts and with the

nationally established Ohaus Scale Corporation.
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Aruitoxt provided by Eic:

NATIONAL GEOGRAPHIC KIDS NETWORK PROJECT
Technical Education Research Centers, Inc.

The National Geographic Kids Network Project is a series of exciting. {lexible
elementary science units that feature cooperative experiments in which students in
grades 4-6 share data nationwide through the use of telecommunications. Topics will
involve the students in issues of real scientific, social, and geographic significance. The
*etwork project combines basic content from typical school curricula with guided
inquiry learning. Kids Network can be used to supplement textbooks and existing

materials or to form complete, year-long science courses.

Tecninical Education Research Centers are producing six units and software for sending,
processing, and displaying data. The National Geographic Society is helping to develop
at least four additional units as well as publish all the materials. Materials and
telecommunications are being designed for practical use. The telecommunications will

be software controlled for ease of use and reliability.

The National Geographic Society and a network of professional organizations, state
education agencies, and museums will widely disseminate information about the
prograimi. Local support and technical assistance is being generated through industry
members of the Triangle Coalition for Science and Technology Education, school

boards, and community groups.
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Aruitoxt provided by Eic:

SCIENCE FOR LIFE AND LIVING:
INTEGRATING SCIENCE, TECHNOLOGY, AND HEALTIH
Biological Sciences Curriculum Study
Kerdall/Hunt Publishing Company

Science for Life and Living is a comprehensive K-6 curriculum that focuses on scicnce
as a way of knowing, technology as a way of doing, and health as a way of behaving.
Such a focus makes the stucy of science relevant to the personal and social issues that
affect everyone’s daily life. This program incorporates a contemporary instructional
model, engaging hands-on activiiies, cooperative learning, and a strong emphasis on oral
and written communication. The complete program will be available in Nevember 1990
from Kendall/Hunt Publishing Company. Science Kit, Inc. will supply the hands-on

materials for each grade level of the program.

This curriculum encourages children and teachers to use a variety of methods as they
construct their own understanding of the world. The program concentrates on a few
major concepts and skills that are common to the three disciplines of science,

technology, and health. By focusing on depth rather than breadth of knowledge, the

students are allowed the time and opportunities they need to develop a richer and

more meaningful interpretation of the world.

The project will produce a teacher’s edition and student’s text for each grade lesvel, an
implementation guide, and supplemental materials designed to help busy teachers
incorporate science stidies into the other basic subjects of - cading, writing, and
mathematics. Supporteis of the BSCS project include the National Scienee: Foundation.
IBM Corporation, Gates Foundation of Colorado, and Adolph Coors Foundation of

Colorado,
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IMPROVING URBAN ELEMENTARY SCIENCE:
A COLLABORATIVE APPROACH

Education Development Center, Inc.

This prcject will undertake the design of a program to improve students’ abilities tc
think critically, use language, and solve problems. This science program is specifically
aimed at urban systems, which face unique and complex problems. Cleveland and San
Francisco are collaborating in the development effort. Los Anr:les, Pittsburgh,
Philadelphia, and Boston will provide input and feedback, to ensure that the program
meets the needs of a number of urban systems operating under a variety of state and

loca} mandates.

The project will involve teacher development teams in the design of 24-36 activity-based
modules for grades K-6. The project is trying to balance life, physical, and earth
sciences and tie the experimental base to the urban setting where appropriate. The
new modules will be informed by teacher’s reviews of existing materials; and they will
integrate science with the rest of the elementary curriculum, particularly language arts

and :mathematics.

Boston College Center for the Study of Testing, Evaluation, and Educational Policy is

serving as the outside evaluator.
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Science Education Programs That Work:
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CONSERVATION FOR CHILDREN. A practical, economical
program to increase conservatior awareness, understanding,
and action of elementary school children through a variety of
basic skill activities.

Audience Approved by |DRP for children in grades 1-6.

Description Through a variety of basic skill activities intended for use in the classroom,
Conservation for Children teaches about the interdependence of plants and animals, requirements of
life,energy sources and use, pollution problems, recycling, and other conservation concepts based on
scientific principles. The grade level cons. rvation guides provide instructional materials which
combine basic skill practice in the areas of language arts, math, social studies and science with a
conservation concept. Program materials are used to supplement or replace presently used skt
materials, so that no additional preparation time or equipmer. is needed. Teachers can use the
materials as a primary resource for teaching basic skills, as supple mentary materials to a core program,
as enrichment activities, skill review, or as independent units of study. No change in sta“ing, physical
setting, equipment, or instructional methodology is recuired. Criterion-referenced tests allow
teachers to determine which materials are appropriate for individual students vr groups. Special
education teachers have found the materials valuab.e for use with their students due to the high
interest level of tne worksheets and the choice of ability levels and basic skill concepts.

Evaluation data confirms that students using the materials for a minimum of 30 minutes per week
ruaster 80% of the leariiing objectives. In addition, 75% of the parents of 2,000 students in the
evaluation study responded in writing that they had observed their children implementing

conservation practices at home which they had never seen before the children used the program
materials

Requirements The program may be used in any type of facility or sett,g and does not rely on
any particular methodology or teaching style. The program is designed for use in the classroom and does
not require any matenals or equipment that are not normally found in any school. The curriculum guides
may be reproduced in whole or in part with the permission of the authors. Inservice training as to 1m-
plementation and material usage ts minimal, usually two hours. The program requires no staffing changes
as the classroom teacher cor.tinues to provide instruction.

Const ~ ation for Children materials include six grade-level curnculum gu:des and one all-levels guide
(activities, resources). After the initiai purchase of the guides, $25 per grade level or $165 tor the complete
program, there are no ongoing costs for personnel, matenals, or inservice t:aining. A per pupil cost for
installation is only $.70. There are no recurring costs.

Services Awareness materials are availabye at no cost. Visitors are welcome at the project site any
time by appointment. Project staff are available to attend out-of-state awareness meetings (costs for travel
expenses to be negotiated).

Contact Marilyn Bodourian, Project Director, Conservation for Chilren, john Muir Eiementary
School, 6560 Hanover Drive, San Jose, CA 95129. (408) 725-8375.

Developmental Funding  ESEA, Title 1V-C
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HANDS-ON ELEMENTARY SCIENCE. An instructional program intended to provide
elementary students with hands-on instruction emphasizing the processes of science.

Auaience Approved by JDRP for students, grades 1-5.

Description The Hands-On Elementary Scienc: provides elementary students with instruction
thatemphasizes the development of science processes as an approach to problem sclving. In fostering
positive teacher attitudes toward teaching science, itincreased both the amount of science taught and
the proportion of instruction dedicated to the proc “sses of science. The curriculum employs a set of
higher order of processes at each grade level consisting of three basic units. The units consist of lessons
concerning a unifying topic. The topicis based upon the skills identified for that grade level. First grade
students work primarily on observation in the three units of seeds, patterns and “magnetism.” Secor.d
grade emptasizes classification skills through the study of insects, sink or float, and measurement. In
the third grade, experimentation skills are developed by units on flight, measuring and plants. Four:h
grade focuses on analysis in units on bio-communities, electricity and chemisiry. The fifth grade
curriculum emphasizes application and consists of units on earth science, soil analysis and smali
anunals. Since this is not a text program, all lessons are based upon hands-on activities su, orted and
defined by curriculurn guides at each grade level. They provide a sequence of basic lessons and
incorporate all necessary materials to support the program lessons. Aunigue feature of the program s
an optional package of materials students may request to work on over the summer.

Requirements The Hands-On Elementary Science program s transportabie to other sites where a
commitment exists for hands-on science instruction. Adoption of this program requires at least a half
year planning and preparation followed by a staff development program. Teacher preparation consists
of two days training prior to the implementation of the program followed by at leist two followup
workshops to resolve problems of implementation. Materials required include both a curriculum
guide and a kit of materials of the appropriate grade level for each teacher and copies of the volun.ary
summer orogram for dissemination to interested students.

The cost of the program in the installation year is appr  imately $27 per student, assumi.g 25 students
per class in a school of 800 students and v.ith the training involving 20 teachers at a grade level. Subse-
quent year costs to maintain the program through the replacement of consumable supplies ~qual $1.30
per student. Teacher guides are evailable tur $10 each and kits zre available from a national vendor at
costs ranging from $400 to $600 depending upon the grade level.

Services Awareness materials are available at ro cost. Visitors are welcome by appointment at
project site and additional sites in home state. Project staff are available to attend out-of-state
awareness meetings (costs to be negotiated). Training is available at project site and also at adopter site
(cOsts to be negotiated). Implementation and follow-up services are available to adopters {costs to be
negcriated).

Contact Dr. Dean A. Wood, Hands-On Elementary Science, Education Department, Hood College,
Frederick, Maryland 21701, (301) 663-3131 (Ext. 205 or 350).

Developmental Funding: Federal, State and Local
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LIFE LAB SCIENCE PROGRAM. An applied science program
emphasizing a hands-on “living laboratory” approach to ele-
mentary science eGcucatioin.

Audience Approved by JDRP for elementary students, grades 2-6.

Description The Life Lab Science program strives to ensure students’ future interests and success
in science by improving student attitudes toward the study of science, and increasing students’ level of
knowledge and skill acquisition in science. The instructional approach is a combinaticn of indoor and
outdoor hands-on science activities with the key component being the garden lab (e.g. indoor grow
box, greenhouse, planter boxes, vegetable beds, etc.}. Students and teachers collaborate to transform
their school grounds and.’'ur classrooms into thriving garden laboratories for the study of scientific
processes. In this setting students conduct experiments using the scientific meithod. They observe,
collect and analyze data, establish worm colonies, raise vegetables, herbs and flowers, and have
responsibility for maintaining their living laboratory. A structured course of study s followed in
science, nutrition and gardening. Instructional tinie varies froni two to four hours per week. Teachers
are responsible for all classroom instruction and use The Growing Classroom, a three volume
curriculum guide, for the bulk of their science lessons.

Requirements  The cntical learner setting 1s the “living laboratory” whether an indoor grow box,
contaners adjacent to the classroom, a greenhouse ur a three acre school farm A, such, all eiements of
the program are transportable. 1he primary curriculum guide 15 The Growing, (lassroom, which contains
three volumes—Science, Nutrition and Gardening and ts «.compamied by a sc.pe and sequence outline.
No textbooks are required, ho.vever, gardemirg tuols are needed Learning matenals are predominantly
household items Prior to implementation, the orogram has a two-day workshop at the schooi site or at
project site that prepares teac hers for using the program. teaching techmques and the “living laboratory”
approach. Following the initial training, staff development and program .mplementation become the
re< ponsibility of a Lead Teacher in each school. Advance tratning 15 available for Lead Teachers and
technical assistance will continue to be provided throughout the installation year. Adopters of the Life Lab
Science Program typically generate a great deal of community support and resources. Cultivating the
community is an important requirement of a successful adoption.

The adopter is responsible for travel and ver diem costs. Tramer fees are to be negotated.
Implementation cost, vary by site and the extent of “living laboratory " develupment A set of The Growing
Classroom curniculum must be purchased for each implementing classroom teac her at $40 per set

Services Awareness materials are avilable at no cost. Visttors are welcome by appointment at
project site and additional sites in home state and out-of-state. Project staff are available to attend
out-of-state awareness meetings (costs to be negotiated). Tratning 1s conducted either at project site or
adopter site (costs to be negotiated). Follow-up technical assistance 1s also available.

Contact iisa Glick’Gary Appel, Life Lab S<ience Program, 809 Bay Avenue, Suite H, Capitols, CA
95010, (408) 476-7740, Ext. 223,

Developmental funding  ESEA, Title IV-C; Packard foundation,
California State Department ot Eaucation, National Scienc e Foundation
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MARINE SCIENCE PROJECT: FOR SEA. Comprehensive, activity-
oriented marine science curriculum which teaches basic science
skills and knowledge on or away from the coast.

Audience Approved by JDRP for aii students, grades 2,4,6,7-8 andf 9-12.

Description By the year 2000, three out of four Americans will In e within an hour's drive of the sea
or Great Lakes coasts. The impact on these coastal waters will be severe The nationally validated
curriculum materials of Marine Science Project: FOR SEA are designed to equip students with
information necessary to protect and maintain the world of water.

FOR SEA provides comprehensive, activity-oriented. marine education curriculum to be used 1n
addition to or in lieu of an existing science progiam. Curriculum guides for each of the grade levels
contain teacher background for each activity, student activity and text pages, answer keys for student
activities, a listing of vocabulary words for each umit, and a selec ted bibliography of children's hiterature of
the sea and information books of ihe sea

The Marine Science Project: FOR SEA 1s documented effective in teaciung basc science skills and
knowledge as measured by the CTB Mc Graw-Hill CTBS Science Test and by project-developed tests. The
magic draw of water provides incentive to teach and lean sCience

Requirements The Marine Science Project. FOR SEA 1s designed to be implemented in
classrooms at a room, grade. school. or district-wide level. Light hours of Inservice training provide
implementing classroom teachers with an overview of the project, text implementation nrocedures,
and activities designed to familiarize them with the matenials. A copy of the appropnate grade level
curriculum guide must be purchased tor each implementing classroom teacher at $35 per aude
Student text matenals in the guide are designed .o be reproduced by the adopting siies. Hands-on
materiais are generally found in the school setting or are readily avatlable at local grocery or variety
stores. The startup costs vary by «te

Seivices  Awareness brcchures and samplers of curnculum are available. Project statf are avaslable
t0 attend out-of-state awareness sessions, with neg, tiable costsharing Inservice training is provided i duopter
site, again with costsharing negotiable. Followup services are provided by the project in appropriate Cost-
effective ways, including telephone, ma:l cassette tape, and visits.

Contact Lzurie Dumdie, Demonstrator/Trainer, Marine Science Center, 17771 Fjord Drive N.E.,
Poulsbo, WA 98370. (206) 779-5549.

-
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STARWALK. A comprehensive earth/space science program for elementary students.

Audience Approved by JDRP ,or grades 3 & 5. The program has also been used in other grades.

Description Project STARWALK provides differentiated instruction in earth/space concepts
which accommudate various developmental levels. Students receive a series of lessons structured
around three visits to a planetarium to prepare them for the.t activities at the planetarium and to
consolidate and further the learning after the visit. Planetarium handbooks and teaching packets
provide the instructional materials {or these lessons. Classroom teachers participate in the activities
along with their students. Studer.ts in grade 3 are introduced to the Milky Way and the concept of time.
Studen*: in grade 5 stu.'y the planets a1d the solar system configurations, and seasons around the
world. Inservice orientation and technical assistance are available as well as a management system for
scheduling of students, equipment or service purchase, and dissemination and evaluation.

Requirements The availability of a planetarium model in a laboratory or classroom is a
component of this program. rhe program should be implemented on a district-wide basis on the
elementary level because lessons on each grade 2vel are sequential. A science teacher or other staff
member can be trained to carry out the program. There is a minimal amount of instructional material
needed.

Evaluation kits are $25 each. Two are available, one for third grade and one for fifth grade. They include
50 student scan sheets, student response summaries for pre- and posttests, classroom means for pre- and
posttests, and statistical report of student growth for pre- and posttests. Cost of the instructional, manage-
ment, and training matenats packet 1s $25 per packet. Teacher guides from the packet may be duplicated
for participating teachers at an adoption site. Per pupil cost per year 1s dependent upon costs for student
transportation, planetartum utilization fees, supphes, and indirect costs.

Services Awareness matenals are available at no cost. Developer 1s available to attend out-of -state
awareness meetings costs to be negctiated). Vicitors are welcome at project site during school year by
appointment. Training is conducted at adopter or nroject site (training no cost at project site,adopter
pays own expenses, training no cost at adopter site, adopter pays developer’s expense). Training is
conducted at adobter site dunng school year by appomntmeant. Implementation/followup services are
available to adopters (costs to be negotiated).

Contact  Mr. Bob Riddle, Project STARWALK, Lakeview Museum Planetarium, 1125 W. Lake
Avenue, Peoria, lllinois 61614. (309) 686-NOVA.

Developmental Funding. ESEA, Title 1V-C, State and Local
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The National Center for Improving Science Education,
funded by the U.S. Department of Education’s Office of
Educational Research and Improvement, is a partnership
of The NETWORK, Inc. and the Biological Sciences
Curriculum Study (BSCS). Its mission 15 to promote
changes in state and iccal policies and practices in science
curriculum, science teaching, and the assessment of
student learning in science. To do so, the Center synthesizes
and translates recent and forthcoming studies and reports
in order to develop practical resources for policymakers
and practitioners. Bridging the gap between research,
practice, and policy, the Center’s work promotes
cooperation and collaboration among organizations, insti-
tutions, and individuals committed to the improvement
o1 science education.
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