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“To the child in whose education nature and science have

occupied a significant place, life is a richer and a fuller adventure,”
wrote Helen Heffernan in the preface to the 1932 Suggested Course
of Study in Science for Elementary Schools. Miss Heffernan, who
is truly one of California’s most outstanding educators,”and the
others who worked with her are to be congratulated for their

pioneer efforts in developing the genesis of a state framework for

science. ,
Two years later Miss Heffernan, who was then the Chief of the

Division of :Elementary Education and Rural Schools, and several
other highly respected educators in the state' prepared the firstin a
series of guides for teaching science. The guides, which were

. published over a period of almost ten years, carried such titles as

Tide-Pool Animals; Winter Birds; Earth Tremors; Frogs, Toads,
and Salamanders; and Termites. And the first guide in the series,
Suggestions to Teachers for-the Science Program in Elementary
Schools, identified the major objectives that should be attained
through science instruction: ' « '

1. An understanding of cause and effect relationships in connec-

tion with the natural phenomena which he [the student] is

likely to’encounter. . A
An understanding of the contributions of science to modern

life.

o

\- 3. An awareness of the challenging interests in the various fields

of _science. -
4. An understanding of the local laws dealing with the conser-
vation of wildlife. .

5. The acquisition of skill in the scientific method of problem‘.

solving. - ] i
. . [4
6. An appreciation of the beauty and resources of nature.

Even though the emphasis and degree of complexity‘rr'lay be
different, those six objectives from 1934 are not téo much unlike
the objectives you will find in chapter 3 of this 1978 framework.
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1 do not know what I may
appear to the world; but to
myself I seem to have been only
like a boy playing on the
seashore, and diverting myself in
now and then finding a smoother
pebble or a prettier shell than
ordinary, whilst the great ocean
of truth lay all’ undiscovered
-before me. .

Sir Isaac Newton, 1642—1727

‘ - 3

The comparison, it seenm to mé, reermphasizes the importance of

our building on the past while making changes that reflect advances
that have been made and meet the needs of obur times.

The fact that Helen Heffernan was not content with the publish-
ing of one course of study in science in 1982 is illustrative of the
career of this forward-looking individudl and others like her who

have always worked so diligently to build on the past for a better -

future for our children. It was especially true when Miss Heffernan
and 18 other leading educators accepted former Superintendent
Roy E. Simpson’s cha]lenge 1n 1947 to develop the first F ramework
for Public Education in California. They worked three years on the
task from the point of view-that “‘the interests of all citizens will be
best served as public education s unified through the consistent
application of commonly accepted. purposés and principles of
action at all levels and in all fields of the curriculum.”

Although documents produceﬂn earlier times might have been
considered frameworks,” the '1950 pubhcauon was the first to carry -

the framework title. When the committee first began its work, the
members agreed that the end product would be called a frame-
work,"" because the document, they said, “would be ske]etal in
structure, giving form and shape, strength and unity to all aspects
of our rapidly expanding program of public educition.”

In the 28 vears since that first framework was produced, the State "
" Department of Education has published frameworks in 12 different

curricular areas. And several of those documents, including this
one 1n science, have undergone significant revisions, thus continu-

-1ng, the tradition of improving-on that which has gone before.

I congratulate all of those whose names appear on pages xi and
xii of this document for the fine work they have done in giving us a
new framework in science~a document that reflects the needs and
interests. of our times and that continues the- pioneer work my
friend Helen Heffernan and others began so many years ago. As

she reminded her readers in the 1932 course of study, I remigd you

today,” “"The teacher who builds a knowledge of and a scientific .

attitude toward the natural phenomenon which is everywhere
about the child has immeasurably enriched his life.” I am hopeful
that this framework will help teachers in their most important
work of ennchmg lives and showing each child his or her place as
caretaker in the world of living things. | : R
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‘Introduction

~_
Since the end of World War II.. knowledge and technology have
. increased at a phenomenal rate. Societal values and attitudes
' ¢ wsward science have fluctuated, and priorities and goals of science
' programs havé chianged. Immediately after World War II, science
and science_education ‘were considered to be among the most
important subjects to be taught in the schools. Support for science
throughout the nation was profound in- terms of funds, curric-
~: ulum, and staff. In most casés, however, such stipport is no longer
available. General public encouragement, interest, and emphasis
in science education have leveled off-to a great extent and in some
Y cases have shown a downward trend as a result of other pressures
and priorities. The lessening of emphasis in science has been most
evident in kindergarten through grade six, but in general the trend
g has also been observed in secondary schools. Whether thig trend
s continues, levels off, or turns around should be of serious coqcern
y ”. ‘ to persons in industry, education, and thé public at large.\ .
\ . ~ While many believe in thecapability of science and technolpgy
o ' to solve a large number of humanify's pressing problems' dpd |
. . while opportunities for work tn areas of technology and scienke. -
continue to grow, studies generally show that voluntary scien
o enrollments on a percentage basis (grades seven through twelve
\ are at a plateau or are declining slightly. Therefore, an apparent . -
paradox exists; Many exemplary programs can be found through-
qut-' saliformia, but as a whole science education s struggling in
B .many of the schools, particularly in kindergarten through grade
six. The attitu-deS'a'nd feelings children have toward formal school
. .« science programs develop at an early stage in their education, and -
) - schools need to attend to the development of the students’ interests,
’ skills,*and know¥edge in the sciences. In relation to some other
school subjects, the current status-of science instruction is low in
~ many schools. At the same time the need is great for individuals
' ‘ . and sotiety to keep pace with the increase in scientific and tech-
" nological knowledge, even-though it can be a frustrating and

-

i

. . .
{ 'Frank Press. *‘Science and Technology: The Road Ahead,” Science, Vol. 200, No. 4843
. ' (May 19, 1978), 737—41. — s
14 - & .
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demanding, cchrié‘m:e Thus, teachers and administrators have an
1mportant task of reevaluating the present status of science educa-
tion in their schools to determine the future needs of students and
the community that the school serves. .
‘A*concern [or teaching methodology becomés a significant
aspect of the reappraisal.of the status of science instruction. There
is no end to knowledge; therefore, generalizations and concepts in
the subject matter of science to be taught in:the schools become
1mportant (onslderauons in restructuring science teaching. Inter-
disciplinary or 1megmtcd approaches to.science education can be
COllbldu‘ed as one way of making scwnce relcvam for students and

.

> -

The teachmng of science in traditional ways needs to change in
order to help students know or. c\penenu science 1n relation to
theifenvironment. Science lcammgS’are important in themselves;
however, the desigm and intent of science programs for kmder-

'qam'n through grade twelve should take into account the prac-

ticality, probable use, timelessness, reasoning process, social appli-
cation, and the value of sciénce education for all students through-
out their lives. &ny‘«‘scwnce program design should include some
experiences in the processes of §cience. Studen(s can mse such skills
as. obscrung hypothesizing, calculaung locating 1nformation,
measuring, C\plammg’ summarmng, and- other related process
skills, b@th in setence and in other areas of learning. For many
students thesend product might not be specific scienufic knowl-

edge but the development of attitudes of wonder and exploration

(

and continued learning. -

Two recent studies are cued here to provnde educators with’
.information concerning the statys of science in California elemen-

tary schools and prowdmg 1nstrucuon for ‘general 5c1cnuf1c

lucrdcw :
A recent doctoral stud\ titled An Assessment of Science Pro-

grams in Calz/ornza Elementary Schools sums up information that

many persons thought was true but was not supported by research.

\llhough no study presents a perfect compilation of all statistics -

and information, this research can bevaluable to  educators who
are concerned with improving the quality of science education.
The findings of the study incl e.the folIowmg (with the page
numbers_on which the mforma oh appears in the doctoral'{hesm
cued in parentheses): - N L

’

. Only 5 percent of California school districts emplox full-time
science spccxallsts (pp- 1, 203).

- Student par[lupduon In science Ztuvmes averages 44emmutes

per week in elementary schools (pp.103, 215).

3. Over 10 percent of the elementary. teachers surveyed rated
their own ability in science as below average when compared
with' other sub}c’cts and felt they did not have the skills to
teach -science processes and concepts (p. 203).

- . X
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- 4. 45 percent of the elementary teachers and administrators, ) L
predicted that less money [or instructional materials will be
spent on science, because state funds provided for inst&yc- .
tional materials fnay be spent on any subject area as districts s
or schools see fit (within the established guidelinesi(p. 167).
5. ‘Although teachers expressed their support for the “hands on™ .. . ,
concept, most continue to use textbogks (56~ percenit) or . (,
¥ teacher-made written materials (37 percent) as the basis for. ’
their $cience instructional programs (pp. 2.%).
. 6. Although science Kkits or systems have been purchased by
" many schools or districts, only 5 percent of the teachers use-
them extensively (p. 3). , o
7. Many respondents®xpressed the fecling that other subjects
took a priority in time over science (p. 36).° o )

C

A recent article in the Science Teacher suggested that science : .
- instruction could be improved by (1) providing thé student with a
. variety of learning approaches; or (2) matghing the student with a
teache: ' ase instructional style more closely matched the person-
ality ¢ :h- :udent.® Student personality stvles were identified by
the usc o1 the Myers-Briggs Type Indicator. A strong plea was
made to create a wider spectrum of instructional choices in order to ta
increase ‘general scientific literacy as well as to improve instruction '
for the science-oriented student.. , - . * &>
In view of growing concerns among science educators about‘the :
current status of séience in the schools, there is a need for a new
focus on the importance of science education. * : ,
_In this Stience Framework emphasis is placed on ways school : : &
personnel can change the environment of science instruction and S )
motivate student interest-in science more effectively. Suggestions -
are given for developinghuman being. whonot only realize the
. value of science to themselves und others but also understand the. . § =
importance of scierice in providing a livable environment in a : - )
shrinking world. The emphasis on reasoning and the relevance of e
science can be obrained through  strong, interesting, and non- ‘
threatening curriculum design. The challenge to give science A
education a higher prioritv in the curriculum structure must start
with concerned tduce rs. The Science Framework is one tool .
these educators can use In he process. AN r
. The Science Framework ‘s organized into four chapters and six
appendixes, Chapter 1 discusses the acquisition and organization
of knowledge in respect to developing broad generalizations and -
concepts. The chapter defines what science is and how it can be ‘
applied to the-lea?‘lcr. curriculum, and society. ’ ' s _ o

2Eugene H. Brown, An Assessnent of Science Programs in California Elementary .
‘Schools, Berkeley: University of California, 1977 (doctoral lhc_'si's). _ _ ‘\

sMary Budd Rowe. “Who Chooses Sciencez(33Profile,” Science Teacher, Vol. 45, No. 4 - N . , '
(April. 1978), 25=—28. : :

s ) ' ) o - -
i s g X _ 1.&
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Chapter 2 provxdcs informaton from the latest rescarch and

suggests strategies for changmg the scierfce curriculum and design-

Ing new and vital programs. The steps in the development of a
science curriculum are described.

Chapter 3 suggests the four broad goals of science educauon for
kxnd(rgarten through grade twelve. Khese .goals fall into four
areas: attitudé, thinking processes, skills (fnampulatwe and com-
municative). and knowledge. Terminal objectives, examples ‘of
learner . bchavlor and the appropriate grade levels where the be-
havior is likely to be observed are categorized.

Chapter 4 describes.the components of a good learning environ-
ment and suggests instructional strategies that can be used to
achieve the four goals of science. It provigdes a modet for evaluating
progress toward student terminal objectives and gives examples of
teacher behavior for each objective. Numerous evaluation tech-
niques are suggested, and methods of evaluating learner perfor-
mance are described. , ’

The appendmes to the Sczence Framework prowde SpClelC
information for those teachers and “administrators who will be
usmg the framework. In Appendix A the major conceptual organi-
zations of scientific knowledge are described. Appendix B presents

the currcml\ approved criteria that are tised in evaluating instruc-

tional materials. The design for deqxsxon making presented in
Appendix C identifies responsibilities in curriculum development
at the policy, curriculum, and 1nstrucnondl levels. Append.lx Disa
self-assessment checklist for teachers. Appendix E is an instrument

districts can use to measure: the professional growth of teachers of

sclence. Appendn F presents information on - developmg%nd
‘xssess.mg science instruction skills.

’ i
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‘Science:
-.Definitions,-

bharactenshcs
- and -
Relatlonsmps

< Y ]

- Modern soczetzes accepted the
treasures and the ‘power that .
science laid in their laps. But
they have not accepted . . 18

* profounder message: the defn-

_ing of a new and unique source

of truth.

. Jacques \‘lonod
. Chance and®Necessity. page 170
Translated from the French by
. . Austryn Wainhouse
s  Copyright 1971 by Alfred A
- Knopf, Inc. 5
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around them. * ... o

Modern soemues are buxlt largely upon saenceand its offspring,

. 'technologv H&man bemgs constantly are being reminded of this—in,

_ their ‘use 'of* communication, transportation, housing, clothing,
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food water, and energy. It is important to learn about. the scientific -

i facts and distoveriés.that human beings have turned to their use. -

The countless bénefits of science confer an -obligation on teachiers.

: and learners ilike.- This obligation is to understarid ‘and practice’
Ty by
“vigorous[y adhermg to \ijecuvny, to an unwsmg search

‘the pursmt "ol o‘b;ecuve knowledge as the source of tmth

for factsf‘ €an sc1ence sarvive and flourish

of this pursuit -

comes liberation \frarp shpersunon and a,deepened understandmg'

of people, and of \thexy universe. .

Befox“epeople €can- beg'm to consider the impact of science on the .

- world arofad them, they need to have a definition of science. Many

such defmmons exxst these generally can be divided into two
categories. .

In the first categon:\y
collected’ kn0w1ed
‘ciples, 'laws, and
who take Ltps' view:talk about scie
content—the facts, pmnapies, and Ia

ey

compnsed of interconnected sets of prin-
Yeories that- explam the universe. When people
, they refer only to 1Its ¢

-

In the second categbry of defrmuons sc1ence 1s v1ewed asasetof |
processes that .can_be used to” systemaucally acquire and refin€ ’
information. People who take this view ‘conslder the,scientific
enterprise to be a set of. processes; far obtaining information.

g the purposeg)of' this framework the"definitiont of science
encompasses both points of view because one point of view cannot
" be learned or understood without the other. Through observation

~ and experiment ‘the scientist assembles- facts about natyre. He or

- she. then ‘seeks relationships that will link these facts into- a,

cohe nt and useful network. In such a scientific enterprise; the

,locks whlle processmg ana reProcessmg pr%cedures serve ,to

. \,__\ ’ . s .
.

"u R . "

- o -
'\. - .

of defmmons, science is viewed a’g a body. of'

-~

-

s used to descrlbe the worldf

§, principles, and’ laws. serve .as knowledge-comem building. :

Loy
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. - - organize and refine the building blocks. The dynamic relationship,

R \ . between systematic processes and pieces of knowledge is the essence of

L ‘the enterprise. Thus, science is the acquiring and organizing of .

knowledge “in such a way that natural phenomena are more
adequately explained and their usefulness..to human beings is

-énhanced._ - - . . . S

“ .= Science-as a Way to -Acquire Knowledge

”~
-

‘ .. - Thé¢ main route to scientific knowledge is through observing,
. ' o .o “which can be characterized as a distinct process. When used in
‘ _ scientific research,- observing is an attentive .and intentionally
. .o _ebjective activity that serves t0 answer specificquestions. Describ-
o : .o & ing is a more sophisticated process. It requires that thgattributes of
. . - the observed- object be distinguished from. one;:anotger. One can
 observé an object;as a whole, but describing requires attention. to
parts. Comparing is a progess by which one systematicallyfooks at .. ,
. R : . objects in relation to- other objects, identifying likenesses and °
g Yo “differénces. This procéss allows a scientist to begin the more
’ o o complex process of classifying. Many other processes can be idend--
' " fied. Some processes, such as hypothesizing, expertmenting, infer-"
ring, and predicting, consist of one or mare of the previously
mentioned activities. Lo ' I
All of these scientific processes can be learned; more individuals
have learned to be scientists in the past’50 years than«in all previous
human history. Teachers cannot, of course, teach studets to make
great discoveries, but they should be able to desfribe sfne aspects
of how discoveries are made. Scientists owe mu 1 of their sticcess,
for example in the conquest of disease, to the way they have been
able to ddentify, use, and refine the scientific processes that lead to
new knowledge. By using these processes, human beings have been .
able to organize knowledge and develop a clearer understanding of _

&

« ° nature. ' : .

s,

'Il.l A
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Science as a Way .to Organize Knowlcdgé'

i P .o . Y )
Facts alone do not constitute ‘sC1&Ce; SClence ex1sts only when
‘relationships among facts are established. As facts are interrelated,
organizations of knowledge result. L C
Even when the facts are dbservable, their relationships .may be-
_ . E difficult to perceive. Human beings devise organizations that seem-,
& y , to fit the facts they observe. The scientist tries to build, step-by- .
, dtep, a conceptual model of a possible organization, probing and
7 testing each step. The procedure of testing whether a model of the
<4 ' relationship remairts consistent with the facts when a new fact-is
_ ‘added is crucial. The scientist must use a model to make a
) ' prediction. If a new fact contradicts the prediction, the scientist
knaws the model wasjat least in part, in error.
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S . . - < h
. R . z .

' ' R . 18 h? R

»




n

- ' ‘ ] - » » ‘
i ) . o . '
g . S ) A

i N I

‘When thie fact conforms to the prediction, it supports the model.

" But'support is not proof 1o the scientist. The new supporting-fact

is added to existing knowledge; ‘it confirms the application: of the

- model and.widens its range, but it cannot be decisive or show that -
" the model ‘is universal. One purpose of experimentatior 1s to

uncover. a situation in which' the model fails: As a result 6f such

. experimentation, some organizations of knowledge of 100 years

ago appear crude and primitive.today. Such models must be *

" continuously refined, updated, or replaced.

“" The very nature of the sciéntific-enterprise is to (1) generate and |

tést’ conceptual organizations Or’ generalizations that provide

“models for the understanding of how certain facts are related; and -
(2) continually search for greater and greater generalizations. The

7 >. L3 > ctal . . -
* result Is the production of broader, more comprehensive concepts

> and, at the same time, the: reduction of diverse ideas to fewer -
s concepts. This is precisely the basis for- scientific, progress.
“The.major eoncepts with which facthal data are explained and

" related in‘each ‘major discipline (e.g., fstronomy, biology, geology,
.. ‘chemistry,'and the like) are readily aailable. One can make broad

-

~

- and comprehensive generalizations{that are basic to many dis-

s ciplines and that interzelate the manyfacts and principles of all the

. Appendix A..

sciences. - Examples of some_of these "basic conceptual general-
! ‘

. %
) ~ N

izations of scientific knowledge are presemﬁi with explanationsin . -

H
\

‘ Science and- Society \

_The ability of scientists to generate new knoW'({edge 'i}oné of the

* world’s major econonii¢ and social assets. Support for'research to

generate more knowledge -and to apply that knb\‘w_leﬁﬁge has been
strong, but.this support recently has become a political 1ssue. Some

-results of research and development certainly have \l;enefited hu-
'mankind. ‘People today have a greater abundancg of;food an L a-

‘tion of natural resources.

greater freedom from-disease than did people in earlier generations -

and - nonscience:oriented | societies. Other results have had an

unfavorab}é impact .on the environment. Human "health can be
affected adversely by polluted air, water, and soil. The future
survival of:the world’s population is being affected by the deple-

LN

* ' Science, ‘technology; and societal cogéérns are intimately >elated,
and individuals must become aware o%theqapid changes that may
directly affect their welfare. For example, the replacement of
people by machines has had an enormous economic benefit. The
rend toward automation that allows one tadividual to perform the
tasks of . many and the trend toward computerized data processing
require- that some consideration be given to the consequences. If

- society is to maintain full employment, the leisure time available

to*él:tu'rc citizens will be unequaled in ‘history. The beneficial use

Q ..
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- e of this time for the 1nd1V1dual and for the nation must. be an issue
of high Priority. ‘ -
"Other science-initiated trends should cause soc1ety to rethlnk its -
goals and’beliefs. Progress in the medical sciences, “for example,
. ‘has_increased the need for an: understand1ng of the process of
#. aging. This same progress has led to a reconsideration of the 1ssue
' of euthanasia. How much value human beings place on life and,
. indeed, how they define the guality of that life are not strictly
 scientific quesuons bur are part of the presuppositions from
- " which scientist§ begin. The economic considerations inherert in
“thesuse of artifi&al internal organs require that people understand
- Lh‘g problems assotiated with their use.-General concerns, such as
: the purity of foods, the guahty of the environment, and the health
' ‘and safety of people, aresnot matters for science alone—economical,
Sethical, and political factofs may dominate these issues.
©  Informed people will' be able to recognize that many major .
forces in society affect the learner, the schools, and science..Such
individuals will know that science and technolﬁ)gy are necessary
“but not sufficient in themselves to solve most of society’s problems.

Science and the Curriculum N

- a -

The production of .new scientific knowledge and 1its importance
to'the progress of our culture make increasing demands upon
+  schools and the science curriculum. Recognizing that it is not
p0551ble to predict what knowledge and processes are most likely to
be valuable to individuals-a dozen years from now, instructors,
curriculum designers, and other educators must focus upon a few
basig prlnc1ples and processes. These can be used to guide the -
learner to -think ‘rationally and to continyally test his or her
‘opinions, beliefs, and concepts against observablé phenomena. By
o instructing young people in these basic principles and processes,
*>5 teachers of science can contribute to the attainment of a competent,
orderly, and humane 5ociety, one in ‘which the individual under-
stands the functions.of science. In such a society scientific research .
‘can help prov1de maximum opportunlues and ben,efns for the -
- Yndividual. .-

Wlthln the whole cuz;nculurn of the school, science can be a
leavening ingredient. It can enhance” language development by~
providing learners with opportunities to'read, write, speak, and.
* listen as well as by giving them expenences that are worth reading,
writing, arfd speaking about. Science .instruction can provide the
ex riential basis for young people to form concepts that, turn,
necessitate the development. of vocabulary S i .

- - As with language instruction,-s¢ience can reinforce t.he t hing
- _ of mathematics by demanding frequent application of mathemat-
= ical skllls and by prosiding oc:#sxons for pracuce. Science instruc-
' uon WIIh its accompanyxng laboratory activities, can make such

- -~ . . . -

y . . ) . . -




skills more interesting, more useful, and more applicable to “real -
* life situatiorrs:”" Students can learn why there is a “best’.part of a
- bat for hitting a ball. In metal shop students can learn why metals
. crack when they are bent too many times.

Practxcally every subject in thé curriculum can be related 1n b

- sbme way to science. The science curriculusm-sheuld bedesigned in
sucha way that t relationships are emphasized at every oppor-
. ) i ‘ -

. -

/ Scxence and the Learner !

-Schools are. cornposed of students who' have.a wide range of

diverse charactensncs These differences are influenced by genettcs

" culture, society, énvironmental conditions, levels of aspiration,
~and other factors ‘Because of these diversities,- the intellectual
growth of, studen.ts requires.a science curriculum that is made up of
different sub]ects that are taught through a rich'array of instruc-
 tional techmqur:sL Such subjects should be paced at a rat€ that
. ensures steady progress, and they should be designed to bring each
student to his or her. maximumr potential as a self-directed learner.
" Science instruction can play a significant role in developing

each -student’s 'potential. It should gulde the student toward the

' rational resolution 6f problemis, and it should emphasize both the
worth. of thinking for'oneself and the difference between fact and
opinion. The critical attitudes fostered by the study of science may
jndeed ‘be essential. for the successful £unctlon1ng of a democracy.

. Our political ‘system requires from its citizens.maximum-under--

standing of howto benef1c1a11y apply and control technology

-This understandmg cannot be realized without successful Instruc- -

tion in science.

Instruction " in science should make the learner aware af the
many. career opportumt;es that cangesult from studies in science.
Indeed, in the contemporary worlc'gr one hardly can imagine any
career that would not be made more éffectlve by a knowledge of
science: L. o
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IR D -~ al " Many of the federally sponsered science curricula of the -1950s
- OSIQ n ~ and the 1960s were conceived in terms of the science concepts and
I ' " processes that were believed to.be the most important to be taught.

o nd - Although these are'still valid, a contemporary science curriculum

- ) is broader in concept, moving toward science that is interrelated

4 Ch qa n e - with human problems and with life in a camplex society. Science
LA ul ‘ g is viewed as basic for-all students, regardless of vocational or career

.+ plans. Knowledge, when it is used in real life issues, builds cross-

- . .
: In : disciplinary curricula. The term curriculum itself is derived froma

+* © * Latin word rélated to action. Therefore, in this framework, the

.-' ..: (. . b '.
s SCIence . . curriculum is conceived as the combination of learning experi- -

ences provided by a school district for its students.

Curricula ~ Although one can identify. many possible combinations of ‘ex-
‘ ‘ periences that can be used to develop curricula, certain’ common

components exist. These include an underlying philosephy that

involves learning theories; a view of the society ag’xd learners served
with an assessment of needs; overall goals and

3
<
-

consistent with the goals of science education; a scope and se-’
“ L . quence; a collection of learning activities, which at a district level
« © must be useful to a variety of teachers and learners; resources; and
) an evaluation plan that includes the examination of both-long-
. term and short-term results. _ '
L , “The total curriculum should include a descriptjon of the meth-
Science”s not dm_;rely a colli';_ifon ods by which the goals and objectives are to be achieved. 1hese
‘ 0{’ -({f:“ lf :.'S"te li’:’na"a;'":zf . - “goals and objectives for. science instruction are described iry Chap-
zuman ¥ ;’ ving adveriute of - ter 3 under the categories of (1)scientific attitudes; (2) ratignal and
PEss " ) . creative thinking processes; (3),manipulative and com unicative -
‘Howard’J. Hausman ~ . skills; and (4) scientific knowledge. These broad goals.ate common -
~ Choosing @ Sgience Program Jor 10 the biological, physical, earth, and space sciences, These goals,
the Elementary School, page 45 h : d hi ‘ h ' d th dure : d :
Copyright 1976 by the Council for » the means used to achieve them, and the procedures used to assess
. Basi¢ Education, Washington, . achievement are derived from one or more educational philoso-
DEC - _ - phies. . : '
' - ‘ . * " This document was conceived from an é&clectic philosophy.
' 170cal school philosophies vary, but if the science curriculum is to
. = . L. . s — .
N . \\-_' . - - - -
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‘be effective, the underlying phxlosophy, the mstmcuonal sequen-

ces, and the chosen materials must be consistent with each other.
This idea of consistency encompasses the attitudes, needs, and
concerns of students, teachers, artrd members of the local commu-
nity. The-scienee. curriculum has some flexibility, and it varies.
with the changing events in science and with the current needs of
the students, the school, and the communuy, however, it must
include. content from each of "the major scientific disciplines.
The designing, changing, developing, and implementing of a
curriculum are parts of a cyclic process that involves not only
school personnel but also students, their. parents, a:*nher meém-,
bers of the community. A systematictdesign for curriculum plan-
ning is ifperative if personnel, materials, space, time, and funds.

- are to be used effectively. A curriculum design deals with conflicts -

mg conceptions, of the school’s philosophy, its goals and objec--

tives, and the ways to orgamze to meet these goals.and objectives as

well as fulfill the asplrauons of the students and parents. -

The organization of the science curriculum may be hased ori
science content knowledge by topic, by concept, or by procéss. It
may even be based on the instructional methods or materials to be
used. Some curricula provide a tightly sequenced hlerarchy of
concepts and/or processes. Ot ers provide mdependem units or
topics that can be used flexibly.to meet local needs;-still others
mcorporate an entire system of instructiofi. No one pattern of

writers of the curriculum. SR

 Most sciénce curricula_ reflect: one or more "5t the following .
- current trends-in teaching-learning theories: the use of the inter-

dxscxphpary approach that involves ‘mathematics, the arts, social
sciences, industrial arts, and language arts; flexxblhty to meet
individual needs and personal valug systems; more-ele l?.rves at the
high school level and/or _minicourses based upon’interests of
students; acunty-orlented experiences for md;wdual students or
groups; recognition of the contributions made to science by men

“and women of all races and religions; experiences outside the

classroom; indépendent career explorations for both science and -
nonscience career students; and greater emphasxs on the use of
science. _ g . ®

"To incorporate any of these trends, desxgﬁcrs of a science. curric-
ulum should do the following: . -

1. Determine .the status of the current. science curnculum by
performing an assessmient and establishing pno.rmes '

4

© 2> Determine what is desired in a new or madified science curric-

ulum by (1) formulating goals and objectives; (2) identifying
: and previewing new programs and materials; and (3) determm-

-

<2

@

' orgamzauon is superior. But regardless of the orgamzanonal focus -
that is adopted, the concepts processes, units, equipment, mate- °
rials, and systematic instruction must be consxdered fully by the



ing the orgamzauon scope, and sequence of the desired cur-
“riculum.

3. Establish plans for achlevmg what is desired by (1) selectmg
and organizing materials“and other resources; (2) modifying
and developing the teachmg-learnmg experiences; and (3).iden-
tfying the. 1mp1ementat10‘n and staff development needs.

4. Evaluate the science curriculum by determining what is to be
evaluated and how and when the evaluation will be made.-

‘Status of the Current Science Curriculum

To develop a new science curriculum,-one first must learn the
.status of current programs. The existing programs must be assessed
thotoughly by the instructional staff through ‘contacts with other
teachers, administrators, support personnel, students, parents ‘and

~ school board members. Cooperation from all participants and

effectlve communication are especially 1mportanr to this assess-
" ment. Also, the entire process of ‘assessment is made easier if
timelines are established to indicate when p-rogram and student
evaluations will occur.” '

~

Performmg' an Assessmeﬁt ' - .

-

Numerous components “for a science curriculum must be con-
si'dered in an assessment. The checklist shown in Figure 1 can serve

asa gulde to obtaining information on the major components it
can be modlfled or expanded by the user. :

Estabhshmg Pnonu&x

When_the assessment. data ‘have been gathered and* analyzed
cnucal priorities can be 1denuf1ed These can become the base for
planning ‘goals that will direct further science programmmg and
development. The. individuals involved in science curriculum
development -and decision makmg must( continually assess the
processes by which ¢ufriculum priorities are established. The data-
from the assessment can be synthesized into several levels of
pnormes critical, important, and desirable. A science curriculum
cannot be developed without regard for the entire school curric-
ulum, and a balanced school cumculum includes science instruc-
tion. .

.Priorities may continue to change because of changmg circum-
stances, but the critical priorities: serve as strands for the science
‘planning process. '

Many different strategies can be used to develop:a new science™
program or to redesign an existing one. The determination of what

is desired is based on analyzed data gdthered in the assessment and

“on the philosophy, goals, and objectives established by the cur-

- riculum designers. The general organization, scope and sequence,
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and some leammg activities are also mcluded in what is desired;.
but for plans to become operational, priorities-have to be deteri
" 'mined. The pnormes that are decided upon become the focal point i
for achieving what is desired. The décision ‘of whether to create,
adopt, or adapt science curricula requlres " knowledge of what
choices are available. Curriculum decision makers have the respon-
sibility to provide the psvchologlcal and. techmcal support that is

" needed to 1mplemem the curriculum.

o

S

Areas to check

Current |

Learner .
‘Achieveneny of scrence education goals:
® Scientific attitudes. interests, and auitudes toward
science
® Thinking processes

® Manipulative and communicative skills ~
- @ Scirnce knowledge (content)
. Culwral. community background
Lungugge background y -
-
Currem Scxence Program -
Current written and opt.ranonal science curriculum - : :
Teaching-learning environment (See Chapter 4.y .
Location of science program in school o
Organization [or instruction (self-contained. team u.nch- - o
ing. and (h( like) . ! . )
[ime spent in preparing for and instructing in science
Instructing iechniques .
Stfdent grouping patterns -
Processes for evaluating learners. .md the science program ,
- ’

. Legal. restrictions (.mmmls safety regilations. and the
“hike) . . N

T
-

Instructional Staff ° -

Sl attitudes and interests

Sl skills and talents @administrative. classroom, and
nonclasstoom)

Safl processes (group cammunication. decision m.akm;,

and s(h(x)l climidte)
4

Resources for Science = . -

Availability of Science personnel ) .
Science equipment and instructional m.urn.nls
- Science fucilities (clfssrooms, labs, library, and the llL()’

Consyltants’ . .

Money . .

Commumty

Attitudes toward the s hool and science pmqmm

Interest and support
Attendance at sehool {un(nons and activities

Monetarv-materials-service support

T
3
a

“ h‘

-Fig. 1. Scnence curr;ulum assessment checklist

%



. Determmanon of What Is Desired
, in the Curriculum

When the current science cumculum has been assessed and the
priorities have been identified, curriculum designers must formu-
late their goals and objectives and preview the available instruc-
tional materials in science. The preview process and visitations to
schools with exemplary science programs should aid the school
staff 1n deterrnmmg what is desired and what char;ges need to be
made. .

Formulatmg Goals and Ob]CCthCS

The priorities 1dennfled as a result of the analvsxs of the infor-

mation gathered from the assessment become the planmng goals. "

For example, the data gathered mlght indicate there is no formal
assessment of the learners at certain grade levels regarding achieve-
ment of the science program -goals and objectives. A critical

planning goal then would be the development of an assessment -

program to measure the achievement of the goals established for
the science program. ~

Other: planning goals and objectives are related to identified
priority areas. Examples of identified priorities might be staff
development activities, facility improvement, support for the sci-
ence program, or community involvement: The goals and objec-
-tives should be formalized on the basis of the actual priorities that
have been identified in the needs assessment of each district or
school. In this process the ultimate science program w111 reflect
input from- the local schools and commumtv ' &

- Identifying ahd Previewing Programs’ dnd Matgrials

Because- of the plethora of science programs, textbooks, and
instructional materials available today, the schoel staff mustset up
a preview process. Visitations to exemplary science programs in
other schools or school districts would be rewarding. County, state,
and science teacher organizations can provide valuable informa-
tion. Care should be given to the selection of materials so that all
the sciences-aye covered. The preview process should provide the
planning group with data that can be used in the decision- makmg
process. The type of science program desired—whether text, text-
“activity oriented, or process, oriented—can be decided upon. The
organization of the content, the instructional materials needed,
and the supporung resources must then be planned. I a new
curriculum is created, schools might be selected to pilot all or part
of the program. ‘This procedure can be used to evaluate the
appropnateness of the program for the’ school populauon '

11
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Determmmg Organization, Scope, and Sequence N

"In [hlS document curriculum has. been defined in 1ts ‘broadest
terms. Therefore, the orgamzahon scope, and sequence of science
curricula incorporate more thap the traditional listing of science
‘content. The science curriculum that follows the goals and objec- -
tives set forth in Chapter 3 includes the development of scientific
attitudes, thinking processes, manipulative and communicative
skills, and sc1enuf1c~knowledge. ‘The wide acceptance of the i impor-
tance of these goals for science education has resulted in changes in
three curriculum consideratons: the development of dfffenng

© curriculuy organizational pauerns, an increased scope of science .
Lcontent beyond the traditional biological, physical, ‘earth, and
'space sciences; and a variety of learning sequences. These changes
have been recommended in curriculd such as those sponsored by
_the National Science’Foundation and by several pubhshers. Cur-
riculum designers should supplemem the following discussion by
further study of current science curricula and by the use of science:
curriculum spec1ahst.s. The need for this is emphasned by new
developments ‘in both science and education. ) -

LR

N Orgamzatwn. Science curricula generally have reflected an em-"
phasis fjon facts, with content topics servmg as the usual orga- |
nizational pattern. Such content organization still can be used, but
other modes of organization (e. g, process, attitude, skill or delivery
system;and conceptual scheme) are commonly advocated. How the "\
curriculum is organized reflects the background and expenence of
the developers For example a powerful mode of ‘organization for,
science curriculum content is one based on a conceptual orgamza-
tion of - knowledge such as that presented in Appendix A. Other

i

B

® conceptual organizations have been developed by competent scien-

tists such as those who developed Appendne A, which incor-"

- porates these generahzauons . S
In a conceptual organization of knowledge scientifi informa-

.tion 1s brought together in broad-generalizatio &'@t errelate

" the many specific facts and "prmaples of ajfoehe sc1er1ces
Conceptual organizations can be used to faci] ygﬁth inter-
dlsaplmary and intradisciplinary studies. Student. gain great-

er rheaning.and understa.ndlng fromi such studies. A. concep-

<+ tual organization.of the knowledge of science Is vital to all levelsof -

-
Ny

scince and education because it is more stable than one based on
_ ever-increasing and constantly changmg facts or on %nrelaled
topics.

Science curriculum develope hould be aware that, if cd%cept-.‘_
generahzauons are used as cﬁculum organizers, for comentﬁ‘
appropriate learning dctivities that illustrate the concept need to
be determined and specified for each’ grade level 'and/or science
g:ourse. Conceptual learning.in science is a factor. in the imple-



~

E

°

B r'nentation of any science curriculum and is not dependent only on

orga-ruzmg the curriculum by concept. e

Science processes may form:.another organizational basis. for a
written -curriculum.” One National Science Foundation . project
© gave preeminence to scientific processes as a science currrculum;

organi'zer Schoopl dlS[l’lCtS may devise their own process, curricu-

- lum or adopt one that is already developed and tested. To devise a

new process currlculum the. desrgners must specrfy 1llustrat1ve

activities. , .
- Scientific attnudes are con&xvd as ma]or organrzers in some
science curricula. Current national and scientific concerns-and
social concerns related to science can form the basis for curricula.
Science activities or-short courses that are popular with students .
and that build positive scientific attitudes may form still’ another

- organigational basis for curricula. -

Other rganlzauonal methods may involve contemporary educa-

tion ivery systems.such as learning centers and- individual er
#6up laboratory. modules and media. Developmental or hierar-
- .chical designs also may serve as patterns for currlculum organlza-
uon- . -
An historical organization may be usedito emphasrze the growth

of scientific knowledge curriculum and the relatlonshlp of science .’
_'to other areas of the curriculum.

The goals for science education as stated in Chapter 3 also ma£
- be used as part of an. organizational theme around which a
curnculum may be written, but whichever organizer is used for the

written science curriculum, all the other organizers will affect the -

written and taught science curriculum. -

~ Care should be taken fo see that the basxc 1earn1ng theories-
“associated with a: particilar curriculum organizational pattern are
~ compatible with those of the school, its staff, and the community.
Changes.aun/organlzatlonal patterns should be encouraged if the
changes help improve student learning m science. - U

Scope.* The broad natural curiosity of childrén delineates ‘the
scope-of a science curriculum that encompasges the univefse. In
recent years curriculum designs have been expanded to include an
array of emphases based on student and national. ifiterests or on the
- more realistic involvement of students i in prob'lem solving'and in
“science:related issues in such-areas as economics and law. Creat1ve
" "designs have been.built upon many .of .thefollowing’ topics: .
envxronmental studies’' that may range from endangered animal
species to problems of increased human populatlon and energy
and water, conservation; bioengineering; energy source studies that

f explore the power possibilitiés of the sun, wind, and tide; geology

_tions; space science astivities, including space probes, the proba- :

Q

studies mvolvmg theories of plate*fectonlcs and earthquake predic-

.~ bility of other life, and space technology, englneerlng, meteoro-

RIC
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R loglcal studles in whu:h satellite data and other references are used

1n the examxnauon of world climates; oceanographle stud1es of the

-, Cahfomxa coastline and its development- behavioral studies

c de51gned to help inddviduals better understand themselves and

: others; and combined phy51olog1cal %ologlcal andssocial
studies dealing with such topics as birth, aging, and death.

. The science curriculum for kindergarten and grades orre

- through twelve should provide opportunities foryall students to

pursuesinterests in a variety of sciences at, each ‘level. Provisions’

also should be made for advanced learnlng in each of the sc1encesr

‘ Sequence. Many sequences may be fol-lq.wcd -in .developing a
. St::ence curriculum. Little more than tradition jUS[lfIES most of
: today’s scignce curriculum sequences. Vasious science topics, con-
' cepts, and courses have been proposed as the most simple or basic;
but, for example, some controversy still exists as to ‘whether o re- "
quire chemistry before biology. . “
. H students are to be presented with concrete and famlhar 1deas as
a basis for learning abstract concepts, the teacher must sequence
their experiences accordingly. But sequences arg arbitrary and may
16t fit individual students. Whatfis necessa for students ‘is a-
.consistency in. sequenc:lng, following any organizational basis but
rgaking adequate provision for recychng ideas for those stydents
-  wholenter the established seq-uence at different places. Students
who need additional help in- underst.andlng or who wish more
experierjce should then be given more opportunxues. Students are
\vdtﬁable resources and should be ceonsulted in determining the
\sequences as well as determlnlng -what can and shouyld be lncluded
Pl C

in the curriculum. ) . ~
_/ \_ .

R | Plans for ~'Achieiring What Is"‘Bésired '

When, curriculum de51gns are to be developed Or existing science
" programs are to be modified, planners should consider the various
sources of curriculum design; e.g., the state framework and district
and school curriculum guides. The Science Framework for Cali-
- fornia Public Schools provides a broad base from w ich all levels’.
o of curriculum design can be develaped; courses of study prepared
‘ ‘ by offlces of county superintendents of.schools provide greater
specificity; schod) district courses-af- study or curriculum guxdes
and school-level curriculum programs further increase the speci-
ficity;; and, finally, classroorn-level instructional ob]ecnves are
directed toward more specific learning experiences in science.
The science!program planning process referred to earlier in this .
chapter can be used by curriculum demgners to develop plans for
achieving what is wanted in new science pro ms. The cyclical
and ongoing process may be visualized as _sh6wn  in Figure 2.

..
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Selectmg and Orgamzmg Instrucuonal Matenals

Instructional materials in science, mcludmg equlpment and
supplies as welf % print and media materials, should beselected to
facilitate achievement of science curriculam® goals. and objectives
and to provide variety and motivation for the learfier. The use of
good instructional tnaterials increases sensory stimulation for the
learners, giving:them greater access (o phenomena unavailable in

the classroom.

4
Ae variety of ‘science materrals can be used to give learners
practice in scientific inquiry. Teachers also can evaluate learning

‘in different ways; for example, inlaboratory seminars. More-

sophisticated equtpment such as computers can make leammg

relevant and can give valuable experience for f3ture careers.
Care must be taken, however, so that the materials do not

become the curriculum. Science experiences outside fie classroom

y -

should be provtded Extracurricular activities such as partici- -

pation’ in science clubs and fairs should be 1neluded in the learnmg
program. .
InCalifornia, science matenals are state-adopted only for kinder-

garten.and gradés one through eight. Materials for grades:nine

" through twelve should, however, satisfy” the criteria used by the.

evaluators of materials used in the lower grades. (See’Apperidix B.)

The prohferatron of science matenals makes the selection process_"

difficult and time consuming.
District Boards and administrators should glve prlonty to. the

development of policies and -procedures for setting up local selec-
tion commit€®s and provide members with sufficient released time i
~(and a tmgghne) in which to make careful selections. Science .
“material selection committees should include individuals who . .
have an interest and a background in science. Studénts, schoolm .

board representanv‘es ‘administrators, support staff, and members
of the communlty should be asked to provtde mput to the commrt-

tees.
Before selecung any mstructlonal' materlals, members of the

“curriculum and science selection commlttees should do the fo'Ilow-

*

ing: , , N .

1. Become famlhar w1th the Sczence Framework and the crlterla'
der1ved from it.-These criteria should help meihbers of district
" committees develop ‘their own criteria for selecting materlals
(See Appendnc B)™~. ¥

‘2. Review county” and dlstnct cqursés of study and guldes for_

science instruction. -,
3. Study district statements of phllosophy and goals, ata from
local needs surveys, orgamzatlonal patterns, and- teacher state-
“\ments concerning the science objectives for which individual
teachers agree to assume responslblhty - ¥

-
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4. Review recent literature . on science education to become aware
of current trends -and. practices. ' Lo '_
5. Develop a criterion checklist for systematic local selection, _ o
" replacement, and storage of instructional materials in science.
6. Obtain evaluation data ‘}c;evant to checklist items from the
- California State Department of Education’s Instructional Mate-
= _rials Selection Guide—Science (kindergarten and grades one
3 through eight); reviews and articles from science education
journals.and other professional sources (kindergarten and graded
‘one through twelve); science- conference proceedings arid pub
lishers’ displays; Edutational Products Information Exchange

(EPIE} reports; producers’ brochures and 'catal:ogs; and users’

.. evaluations. e N : | -

7. Conduct an inventory of, science materials and facilities that

currently are available in the district to determine their condig -

tion and to ascertain whether they meet new criteria ang can

still. be used. . . S

. .8. Use collected daia to eliminate tgose sciencefmaterials that do

< - not meet locally developed criteria. v T

9. Examine and evaluate state-adopted and otlfer science matgrials

that seem to meet local criteria and rate these_materials in terms
of each criterion: - - R .

) Before making any determination in regard to the programs or -
“ materials to. be adopted or modified, members of the selection -
- committee shotild consider the following: " - . :
® Grade level match =~ . o . ) N
" @ Compatibility ‘with district and/or school goals arfd objectives
® Adaptability to existing program P - L
. .@ Type of class organizations and schedules indicated s
. "® Tristructional approaches to be used by the stait
Student "interest and. motivation
Parent/comrunity involvement and needed support
Persennel requirements, incluging support from classified
staffs for secretarial, recordkeeping, and clean-up assistance,
Printed materials and science supplies: P _ ,
Space requirements, for stidents and materials = P
Laboratory hardware and other equiprpent.- & * °= e
‘Reordering procedures and time'lag *~ = . 7 Te T
Formal and informal evaluations of the program and materials : .
Start-up and continuing costs . . , o _
Benefits to students, teachers, and the community : ' L ,

~

2000

- A r .
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'_ Modifyingand Developing Léarning ‘Expériences L )
' Scienceglearning experiences in the classroom have always stressed
student participation in laboratory work and other activities. Out- . S
side the classroom, learning experiences have gone beyond the '
'cpnfineé'of- the.school to situations where students at all levels

- . ~




are 1nv.olved in sciénce data ‘gathering, problem soI '
ducung research, and working on sc1ence~related Jobs 1‘4 h o
munity. ont’ X J

The learning activities as well. as the topics in curr® n S, ﬂC/

. curricula aim toward attitudes which refléct science s \g or
-« humane. manner. People wha are concerned about t I /

. energy resources should realize "the need for developlf’ DQ\{[
_autitudes toward science as well as exerc151ng rational * l \a
¥ ‘. Those who are developkng today’s science curricula Sbf‘d o ;ﬂg :
. the 1ntegrauon of scienice™into all aspects of life. Many sf fﬁy\ﬁrgé
preparlng for careers and learning the 1mportance Vﬂc
L courses in:many occupauons not related to science. Opf’o tL\ \5
-to experience different science-related careers. need to pe! &

1n the scxence currlcula. ST S . Y

Ideﬁuf_ylng Implernentauon and Stal:'f I)evelcbprne‘l 1\} vf"

f ~
7. Once the orga)'uzauon scope, sei;uence and materi?, ‘ §*\ 5;{ ;
-lected, implementation becomes the most- cnucal part « of \g »
curriculum design process. Unless the learners actua i bQ ef rp .
. consistently involved with’ sequential and meaningful 50:;.‘1 N -
. periences, both in and out of the classroom, the science’¢ "\\‘ ur/’ ”
~ will be nothing more thana series of meanlngless stateﬂ" t“ 1
teacher’s handbook. . d / c

Implementation. nee'ds- The skaff must become 1nvol" Ut /)
new. curriculum can be implemented. The lines of comfﬂe;hQ d”a/' ‘
' must be.open among teachers at each grade level, bt‘?t‘*":,)arl)~ A / .
Ievels, and between schools. In the secondary schaol sp€ n Qt or :

science plannimg by predetermlnlng assngnmentﬁ* to
programs. School districgs must dlso provide for cont
munication between the varlous organizational level
No science curriculum program can be adequately 1
until consistent processes for commmunicating, planrung’ d eﬁi/ .
sion making are estabhshed (See Appendix C for a V'QQid,op,
‘ making diagrani¥) 5 le‘ \$0" -\
Science &*a natural motivator for the leamer At the é n/ :
. level scxence\toplcs can be lntegrated easﬂy -with other cV. Q\w/ o
areas. The proe<esses of scxence (observxng, classxf:yn’l ctsnl
“inferences, or rnea:suang) a.re apphcable ~to- all 'subj€’;
; ‘districts often’ mcorporate science into the reading égaoltll
¢ " matics activities at the elementary and intermediate scl1 o @e;é’
' Efforts” currerrtly are belng made 1n secondary program? 18‘: \ ¢
. - mul’udlsapllnary appro__ Q ACTOSS the boundanesofall = NN F /
“to achieve the objectiveg igr more than one d1s<:1p11rl"3d‘,e
' Stroreg - xnterdlsaphna?y-ﬁn‘nculum offerings can be ', =2,
" between the science department and- other content areﬂg Q . “;; 4
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