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PREFACE

The results released to the public by National Assessment in July, 1970,
marked the initial reporting based on the first year's assessment of 9-, 13-,
and 17-year-olds and young adults between the ages of 26 and 35. National
Assessment is now under full-scale operation, and reports will be made
contineously as the project collects d-ita describing the knowledge. skills, and
attitudes attained by groups of yourg mericans.

The periodic release of results by Notional Assessment represents only one
aspect of the project. Behind each report lies a complex series of activities
that has been completed through the cooperation and participation of
thousands of specialists representing a wide variety of disciplines and a
number of organizations specifically equipped to handle various operations.
From developing educational objectives for a subject area to producing
exercises that assess how weil those objectives are being met, from
constructing a broad and representative sample design to locating individuais
i homes and schools throughout the nation for the assessment, from
processing the mountains of data collected to finding meaningful ways in
which the mformation can be pretented - countless individuals have
completed innumerable tasks before repoi< are ready for public release.

Nor are the reports that will be released in the next several years — when
assessment in each of the 10 subject arcas will be completed -- in themselves
the end result of the project. One of National Assessment’s main purposes is
to compare the educational attainments of groups of young Americans over
time. An important use of the first data gathered for each subject area,
therefore. is to provide benchmarks against which the results of subsequent
reassessments may be compared to determine progress or decline.

The first such reassessment will take place in Science. and the objectives in
this booklet are those prepared for the reassessment. These revised
educational objectives for the area of Science are presented, along with a
summary of the nistory and goals of National Assessment. The procedures
used in developing the revised Science objectives described in the second
chapter of tlus brochure should provide an idea of the time and complexity
involved in preparing and revising objectives for each subiect area. While the
Science objectives are only one part of the overall project, they are a vital and
unportant part. The careful attention given to their development and
refinement is typical of efforts made in carrying out other National
Assessinent activities. The project is an evolving one. and each activity is
subject to continuous reexamination and refinement as National Assessment
attempts to provide all those interested in what young people are learning
with valuable information on the outputs of the American educational
system.

Marjorie M. Mastie
George H. Johnson
Editors
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Chapter |
INTRODUCTION

The National Assessment 1s designed to furnish information to all those
interested in American education regarding the educational achievements of
our children. youth, and young adults. indicating both the progress we are
making and the problems we face. This kind of information is necessary if
intelligent decisions are to be made regarding the allocation of resources for
educational purposes.

In the summer of 1963 the idea of developing an educational census of
this sort was proposed in a meeting of laymen and professional educators
concerned with the strengthening of American education. The idea was
discussed further in two conferences beld in the winter of 1963-64. and a
rough plan emerged. The Carnegic Corporation of New York. a private
foundation. granted the funds to get started and appointed the Exploratory
Committee on  Assessing the Progress of Education (ECAPE). The
Committee’s assignment was to confer at greater length with teachers,
administrators. school board members. and other taymen deeply interested in
education to get advice on ways in which such a project could be designed
and conducted to be constructively helpful to the schools and to avoid
possible injuries. The Committee was also charged with the responsibility for
getting assessment instruments constructed and tried out and for developing a
detailed plan for the conduct of the assessment. These tasks required four
years to complete. On July 1. 1968. the Exploratory Committee issued its
final report and turned over the assessment instruments and the plan that had
been developed to the Committee on Assessing the Progress of Education
(CAPE), which was responsible for the national assessment that began in
February of 1969. In July, 1969. governance of the project was assumed by
the Education Commission of the States, a compact of 43 states and
territories whose purpose is to discuss and coordinate educaaonal problems
and activities.

In the carly conferences, teachers, administrators, and laymen all
emphasized the need to assess the progress of children and youth in the
several fields of instruction, not limiting the appraisal to the 3 Rs alone.
Hence, the first assessment includes 10 areas: Reading, Writing (written
expression), Science, Mathematics, Social Studies, Citizenship, Career and
Occupational  Development  (originally called  Vocational Education).
Literature, Art, and Music. Other areas may be added in the future. The funds
available were not sufficient to develop assessment instruments in all fields of
American education. The 10 chosen for the first round are quite varied and
will furnish information about a considerable breadth of educational
achievements.

Because the purpose of the assessment is to provide helpful information
about the progress of education that can be understood and accepted by
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laymen as well as professional educators, some new procedures were followed
1 constructing the assessment instruments that are not commonly employed
in test building,

These procedures are perhaps most evident and important in the
formulation of the educational objectives which govern the direction of the
assessment in a given subject matter area. Objectives define a set of goals
which are agreed upon as desirable directions in the education of children.
For National Assessment, goals must be acceptable to three important groups
of people. First, they must be considered important by scholars in the
discipline of a given subject area. Scientists. for example, should generally
agree that the Science objectives are worthwhile. Second, objestives should be
acceptable to most educators and be considered desirable teaching goals in
most schools. Finally, and perhaps most uniquely. National Assessment objec-
tives must be considered desirable by thoughtful lay citizens. Parents and
others interested in education should agree that an objective is important for
youth of the country to know and that it is of value in modern life.

This careful attention to the identification of objectives should help to
minimize the criticism frequently encountered with current tests in which
some item is attacked by the scholar as representing shoddy scholarship, or
criticized by school people as something not in the curricutum, or challenged
by laymen as being unimportant or technical trivia.

National Assessment objectives must also be a clear guide to the actual
development of assessment exercises. Thus, most assessment objectives are
stated in such a way that an observable behavior is described. For example,
one Citizenship objective for 17-year-olds is that the individual will recognize
instances of the proper exercise or denial of constitutional rights and libertics,
including the due process of law. Translated into exercise form, this objective
could be presented as an account of press censorship or police interference
with a peaceful public protest. ldeally, then, the individual completing the
exercise would correctly recognize these examples as denials of constitutional
rights. It should be noted, however, that exercises are not intended to
describe standards which all children are or should be achieving: rather, they
are offered simply as a means to estimate what proportion of our population
exhibits the generally desirable behaviors implicit in the objectives.

The original objectives in Science were developed in 1965, and were
employed in the 1969-70 initial assessment in Science. In preparation for the
second cycle of Science assessment, a review and revision of the objectives
was initiated in 1969. The procedures employed in the redevelopment of
Science objectives, and the revised Science objectives resulting from this
process, are described in the following sections.

to




Chapter 11

PROCEDURES FOR DEVELOPING REVISED
SCIENCE OBJECTIVES

Burton Voss
Marjoric Barnes

It is generally agreed that the major purpose for teachmg science n the
schools is to develop scientifically literate citizens. In this regard.a statemeni
made in the early stages of the National Assessment Project is still
appropriate:

A comprehensive program in science education must consider two
unequal groups of students. those who may eventually pursue scientific
careers, and the great majority of those who will not .... Science
education must give a realistic introduction to scientific work for those
students capable of it. while at the same time encouraging. developing, und
testing their interest and enthusiasm in scientific careers.

Even more attention, however, must be given to the great majority of
students who will not eventually pursue scientific careers. In a free society
it is the citizens from all walks of life who male the public decisions, and
as we proceed in a technological age more of these decisions can be
intethgently made only with the knowledge of the scientific considerations
which bear upon them.

Also. the success of the general scientific enterprise depends to a great
extent on the atmosphere of its surrounding culture. If the general attitude
is to be favorable to the scientific enterprise. the public must possess some
degree of scientific awareness, at least enough to appreciate the general
nature of scientific endeavor, the importance of basic research, and 1ts
potential contributions to a better or worse way of hfe Thus. for the
general student. the schools attempt to produce a scientifically literate
citizen favorably disposed toward supporting the work of scientists. '

! Tyler, Ralph and Merwin, Jack. Working Paper on Objectives, ECAPE,
November 15, 1965, p. 30.

[RIC
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In order to determune whether or not Americans were attaming this
general goal of “scientific Iteracy.” National Assessment asked Educational
Testing Service of Princeton, New Jersey. to develop a number of more
spectfic sub-goals. or objectves. m 1965, This Educational Testing Service
did. following the procedure outlmed in the introduction. When the
objectives were complete, National Assessment asked exercise writers to use
them as the basis for all the Science exercises in the 1969-1970 assessment,

In the summer of 1969, redevelopment efforts aimed at the second cycle
for Science commenced. The National Assessment staff chose to handle the
redevelopment as an in-house effort, aided by two special science consultants
and additional professional assistance when necessary. Accordingly, the
review and-revision of the 1965 objectives was in‘tiated. This review and
revision took place before the resuits of the initial Science assessment had
been tabulated, so a potentially important source of *“feedback” was
unavailable; nonetheless. the objectives reviewers exploited every other source
of constructive reaction to the Science goals to insure the highest degree of
clanty . quality, and acceptability.

Review of 1965 Science Objectives

Educational objectives used in the development of exercises for the first
cycle of assessment were expected (1) to reflect accurately the contributions
of a particular ﬁcld and (2) to be objectives which the schools are seriously
seeking to attain.? Inasmuch as the original set of Science objectives had been
prepared in 1965, National Assessment felt that several additional questions
should be considered during the development of objectives for the second
cycle of assessment in science:

1. Has current thinking by subject matter experts in the field changed as a
result of research?

. Have school practices changed?

. Have new emphases emerged in the public at large (¢ g . ecology)?

Have there been significant changes in the art of stating objectives?

Has the experience gained through the use of current objectives pointed

up problems which need to be remedied?

w3

Vi B

In order to help determine curient validity and relevancy . a mail review of
the original Science objectives was conducted early in the summer of 1969.
Many of the reviewers had participated in previous reviews for National
Assessment. Included were educational researchers, science educators,

2National Assessment of Educational Progress, Science Objectives, Ann
Arbor, Michigan, p. 2.
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members of local and state boards of education. PTA officers. housewives.
parents, businessmen. and others involved in education and commumty
service *

In general. the reviewers approved of the existing objectives, but suggested
minor modifications During the mail review. the staff explored educational
Journals to locate ary relevant information that mught have appeared since
1964. Purticular attention was devoted to the possible implications of the
“newer” science curncula which were likely to have animpact on science
teachig.

The information derived from the mail review and the publications
research was combined with responses obtained from people who returned a
questionnaire (included in the original objectives booklet) which soliciiad
suggestions; then all of this “feedback™ was brought to bear on the original
Science objectives in making significant revisions. In addition. many
objectives and subobjectives were restated in behavioral terms  that is. in a
manner that would permit an observer to judge the attmnment of the
objectives - and some statements were rewritten to improve consistency in
formet.

Review by Subject Matter Specialists

In late July, 1969. a committee of subject matter specialists reviewed the
revised version of the Science objectives in Ann Arbor. The group consisted
of science educators and teachers. scientist, from ndustry. and
representatives of national organizations and curricutum projects. The various
science  disciplines were represented. as were various geographical
regions.* The partictpants were asked to consider the proposed objectives in
light of their own backgrounds and the mood of the times. and to suggest
changes, deletions, or additions.

In general. the reviewers accepted individual portions presented in the
revised version, with only minor changes. However, after long and thoughtful
discussion, they suggested a different structure for the overall organization of
the objectives. The proposed structure would reflect the fundamental aspects
of the scientific enterprise and would be hierarchical in nature. The
fundamental aspects were considered to be: discrete information, laws and
pnnciples. conceptual schemes, inquiry skills, and the scientific enterprise.
Each of the aspects was to be considered on each of three developmental
levels: knowledge. application. and appreciation. The relationship of the
aspects and the developmental levels is presented in the matrix or grid shown
in Chapter III.

3The participants in the mail review are listed in Appendix A.

“The members of the National Assessment Science objectives panel are
listed in Appendix B.
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Subsequent to the subject matter specialists’ review meetmg. the Science
objectives were reorganized. Many statements in the origmal objectives were
retained nearly intact. and simply “‘plugged into™ the appropriate cells of the
grid: some statements were rewritten to provide consistency in format. The
set of Science objectives so produced was used at an exercise wrters’
conference in mtd-August,

The purpose of the writers” meeting was to prepare exercises to be used as
samples or prototypes for persons who would be developing exercises. During
their efforts to write exercises based upon the Science objectives. the
prototype writers made several suggestions for changes in the objectives. Such
suggestions were considered. along with other suggestions from the subject
matter specialists’review panel. and they were added to a later version of the
objectives which was prepared for a lay panel review.

Lay Review

The National Assessment Project has always tried to involve thoughtful lay
citizens in various aspects of its program. Accordingly . seventeen lay persons
were invited to Ann Arbor in mid-September. 1969, to review objectives for
Citizenship, Science. and Writing. The panel included a state legislator,
lawyers, PTA members. school board members. students, businessmen, and
housewives. They were asked to consider certain questions concerning each
Science objective:

Is it important?

Would you want your children to achieve this objective?

Is it something being attempted in the schools?

Is it consistent with the mood of the times? For example, is it relevant.
does it concern social problems, does it distinguish between science and
technology?

£t -

The members of the panel felt that the proposed objectives were an
improvement over the earlier ones. They accepted the Science objectives in
general, though they did express some concern that objectives should be
relevant to today’s problems and that the impact of science on an individual’s
life should somehow be assessed.

Final Mail Review

Prior to a final mail review early in 1970, further revisions were made in
the Science objectives. In the preparation of this version, NAEP considered
the modifications suggested in all previous sources - relevant published
literature, review punels, questionnaires -- as well as the advice of consultants
and assessment -taff members.

*The members of the lay review panel are listed in Appendix C.

0
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Science educators, scientists from industry, fay citizens, and students with
differing  backgrounds in  science --all  from  vanous  geographical
regionss -- consented to take part in a final mail review. Members of the 1eview
group were asked to make any appropriate comments or
suggestions.® Interestingly. each person seemed to focus on a particular
aspect of the objectives such as behavioral terminology. relevancy. age-level
delineations, or philosophical factors,

Following the mail review, there still seemed to be inconsistencies which
coud be classified as philosophical. Accordingly. a science teacher-educator
with a special interest m the philosophy of science. and a science objectives
specialist were both mvited to Ann Arbor for a special conference to consider
the objectives from a philosophical point of view. They reorgamzed and
restated some objectives in order to msure a more phlosophically consistent
set of goals,

A final review of the content and format of the sevised Science objectives
took place in April, 1971, with three consultants assembling in Ann Arbor.”
Following this review, the objectives were prepared in their final form.

The 1970 Science Objectives

The basic mdividual ideas of the 1965 Science objectives sumvived an
extensive process of review and revision; very few additional objectives were
introduced during the preparation of the 1970 revised Science objectives
This attests to the careful work which went mto the ongnal document and
reaffirms the statement made therein to the cffect that the National
Assessment Project *‘had not produced a new set of objectives . . . . Rather,
these objectives represented a reorgamzation, a restatement and something cf
a summarization of objectives which frequently had appeated in print

Two major changes 1n the Science objectives occurred during the 1evision
process: (1) the basic structure for presentation was altered to a hierarchical
grid, and (2) the » .,ectives weie stated behaviorally. These changes bring the
Science objective  into  better ahgnment with current thinking about
educational objecuves and cunient thinking in science.

SParticipants in the mail review are listed in Appendix D.

"Members of the final objectives review panel are listed in Appendix E.

7
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Chapter HI
REVISED SCIENCE OBJECTIVES

The major purpose of science education is to develop scientifically literate
indviduals. Scientific hiteracy includes knowledge of the scientific enterpnise
and of the fundamental aspects of science: discrete information. laws
(principles). conceptual schemes. and nquiry skills. Possession of such
knowledge is essential to scientific literacy. but in itself is not sufficient:
understanding should follow knowledge. and the knowledge should also be
applied wherever appropriate. The scientifically literate individual possesses
the ability to use the fundamental aspects of science in everyday problem
solving and in personal and public decision making. Finaily, scientific literacy
includes an appreciation of the scientific enterprise and of the various
fundamental aspects of science. The essence of science is its usefulness as a
powerful tool in the discovery of knowledge by means of observation,
experimentation, and problem solving. Learming about the work of scientists
or actually engaging in it helps foster an appreciation of science and helps
thoughtful individuals acquire favorable attitudes and formulate reasoned
vaiue judgments about science.

The National Assessment Science objectives are divided into three primary
statements describing the behaviors expected to be observable in individuals
as they move toward the attainment of scientific literacy:

1. Know the fundamental aspects of science.

I, Understand and apply the fundamental aspects of science in a
wide rarge of problem situations.

IIl. Appreciate the knowiedge and processes of science, the
consequences and limitations of science. and the personal and
social relevance of science and technology in our society.

The Science objectives are organized in a manner that shows the
relationship between behavioral processes (know . understand and apply, and
appreciate) and the fundamental aspects of science. The three primary
objectives are actually interdependent. and growth or learning in young
people. although it is considered hierarchical to some extent, proceeds
concurrently across these three objectives. That 1s, “knowing™ may represent
a lower level of interaction with content matter than “applying,” and
“appreciating.” but any one of these processes may in fact precede and give
nise to the others. The overall framework for the organization of the Science
objectives is shown in the grid following.

8
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The terms appeaning in this gnd are defined as follows.

Know To “know™ 1s to recognize or recail phraseology. textual
matenal. or other content. “Knowing™ does not include or imply *‘under-
standing.” “applying.”™ or “‘appreciating.”

Understand and Apply. To “understand™ 1s to be able to explain in one’s
own words, to recognize when stated in phraseology different from that in
the textbook. to interpret. such as in interpreting or drawing inferences from
tables or granhs of data. To “apply” is to make actual use of previously
acquired know'edge. One must have knowledge and understard that
knowledge before it can be apphied. For example. one must understand the
information on a weather map before he can use it to describe weather
conditions in various pa:ts of the country or predict the movement of high
and low pressure areas for scveral successive days.

Appreciate. To “appreciaie™ is to value objects. ideas, and processes.
Appreciation is expressed behavioraliy n willingness to attend. to give up
resources for, to take a stand in favor of. etc. One must “know about™ n
order to appreciate, although he need not ne-essarily “understand.”

Fact. A simple description, defimition, or observation that many people
can make (for example. “the grass is green™: “the dog has four legs™).

Simple Concept. An internalized representation. that is. an indwvi-
dual’s generahzed idea or mental picture of a property or set of objects.
events. or natural phenomena (for example. the idea of “dogginess” us a
generalized category that includes specific dogs such as pood;es. beagles. and
collies). A concept includes at least two facts with an internahzed relationsh;p
and at least one which is not in agreement.

Law (Principle) A law states a relationship between two or more con-
cepts. (For example. the law “force equals mass times acceleration” tells
someone with adequate understanding of “mass”™ and “acceicration’ and
knowledge of mathematical symbols how the two terms are related.) Laws are
authoritative, can be agreed upon by others, and can be tested. “Law™ 1s
presently the preferred term: “principle™ is included because ! appears in
textbooks and reference sources.

Conceptual Scheme. A broad theme of science. a synthesis of a group
of interrelated laws (principles). (For example. the theme of complementarity

of organism and environment includes relationships between laws of energy
resources in the environment, encrgy pathways, food webs. populations, and
communities and ecosystens.)
10
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Inquirs: Skills. Ihose skills needed to engage 1n the process of science
(for example, observation, hypothesis testing, data collection, and ordering of
knowledge).

The Scientific Erterprise. The contextual situation i which all
science exists, it encompasses everything involved 1n science: the nature of
the scientific method, relationships between between science, technology,
and society, limstations of science, roles of scientists, and the like.

Each prin}ur}f'objcctivc 18 divided nto subobjectives that deal with the
fundamental faspects of science. Each subobiective is further defined with
descriptions pf related behaviors which are 10 be assessed at each age level.
The age-level descriptions make the assumption that the objectives are
cumulative for 9-, 13-, and 17-year-olds. That is. it is expected that the
[7-year-olds know, can do, and ajpreciate everything that 13- and O-year-olds
know, can do, and appreciate. However, this cumulative effect may not carry
over to the adults; they may have forgotten some of the details learned m
their formal science instruction. Nonetheless. the adults’ understanding and
appieciation of science as a process would be developing, especially as science
relates to individual and societal problems.

The statement of objectives encompasses the goals of science education for
all individuals, both within and outside the schools, and whether science
oriented or nvi ‘nsofar as is possible, the objectives are translated into
behavioral terms, that is, n descriptive statements that permit an observer to
judge their attamment. The primary objectives are stated in rather genera}
terms; the subobjectives are more specific: and the age-level descriptions.
where provided, indicate the expected behaviors for particular ages. Verb
form changes signal this transition from an objective (e.g.. “know™) to the
description of behaviors related to it (c. g.. “‘knows™). More specific descrip-
tions of expected behaviors are reflected in the exercises chosen for assess-
ment: the exercises are selected situations 1n which attamment of the ex-
pected behaviors will be measured.

In general, the age-level descriptions refer to behaviors we expect to be
able to observe in indwviduals at a given age level and may be thought of as
a “slice™ through the age level, picking up some behaviors shared by the
typical subjects, < »me shared by nearly all, and some by only a few. Where
age levels are not mentioned, the assumption is made that mdividuals at a
particular age wou.d give evidence of related behaviors in a manner appro-
priate to that age.
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Section One

OBJECTIVES RELATING TO
THE SCIENTIFIC ENTERPRISE

Explanation: The Scientific Enterprise does not fall easily into the grid,
or consequently mto the organization of these objectives. Larger than the
sum of the “Fundamental Aspects of Science.” it comprises these plus
some overall awareness of the totahty, the contextual situation in which all
science exists,

Nevertheless, while it may not fall neatly into the present scheme, it
represents what may be the most important content of science education
and is not to be eliminated for expediency either here or in the classroon.

This statement of objectives begins, therefore, with the three major sub-
objectives relating to the Scientific Enterprise:

1. E: Know the Scientific Enterprise (i.e.. have a cognitive grasp of
it).

II. E: Understand and Apply the Scientific Enterprise (i.e.. have a
valid understanding of it and give evidence of that
understanding in one's behavior).

III. C: Appreciate the Scientific Enterprise (1.e.. have one’s value
system affected by this understanding).

Objectives 1 A-D, Il A-D, and 111 A and B follow in Section Two, begin-

ning on page 23.

1. KNOW THE FUNDAMENTAL ASPECTS OF SCIENCE

To “know” is to be able to recognize or recall phraseology, textual
material, or other content. “Knowing” does not include or imply “under-
standing.” “applying.” or “appreciating™ the scientific enterprise.

E. Know the scientific enterprise.

Have a cognitive grasp of the major aspects of thie scientific enterprise.
including its products, processes, and practitioners, and of the totality
of its meaning,

]‘?
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1. Know that laws (principles) of science and technology apply to the

solution of p.oblems relating to human welfare. Examples of such
problems are conservation of natural resources, environmental pollu-
tion, food supply . highway safety . population control, and radtation
and fallout,

Recognize how scientific knowledge can develop.

For example. recognizes that scientific knowledge can develop both
mmductively (by observation and experiment and the interpretation
of the observations and experimental results) and deductively (by
predictions made from existing theories): recognizes that observa-
tions and experiments are subject to critical examination, replica-
tion, and human error: recognizes that science 15 both a means and
an end.

Age9  Begins to recognize that science is essentially a search for
understanding of the natural world and that it must con-
tinually relate itself to observations of that world: recog-
nizes the need for replication in both observations and ex-
periments.

Age 13 Recognizes the need for making relevant, controtled, and
accurate observations of natural phenomena under investi-
gation.

Age 17 Recognizes that science observations and experiments must
be directed intelhgently and proceed within a logical theo-
retical framework; recognizes that the scientific approach
enables one to make sense out of experimental data and to
organize it into a comprehensible body of knowledge.

Adult  Recognizes that the process of science continually requires
a return to the natural phenomenon under investigation for
further observations and expenments: recognizes that no
natural phenomenon is so completely understood that 1t is
beyond the province of further observation and experimen-
tation.

3. Know that pure science 1s a search for basic knowledge and that

applied science (technology) is a search for uses of knowledge.

Age9  None.
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Age 13 Knows that some research is conducted to develop practical
uses for new or old materials: knows that new basic know-
ledge can come from any research.

Age 17 ldentifies scientific projects in current news items as pro-
and  jects n pure science or in applied science.
Adult

Know some of the historical aspects of the sciences and technology.

a. ldentifies important living and nonliving scientists with their con-
tributions,

b. Knows that scientific and technological developments depend on
the prevailing cultural, econonc, soctal, and political conditions.

¢. Knows that the events of history have contnibuted to the scienti-
fic enterprise.

d. Recognizes the historical sequence of some of the major scienti-
fic events: recognizes the cumulative nature of history and of
knowledge in science.

Recognize that most questions are amenable to inquiry by scientific
methods.

Age 9 Recogmizes that questions differ in complexity.

Age 13 Recognizes that some questions are much more difficult to
investigate than others by scientific methods.

Age 17 Recognizes that some topics for scientific inquiry are more
feasible than others and that considerations such as time,
urgency, and resources lead to scientific inquiry in some
areas but not in others; recognizes that some topics do not
qualify as subject matter for science (that is, that for some
topics, observations and experiments cannot be made or the
results of some observations and experiments are a function
of the individual investigator).

Adult  Recognizes that religious and social issues are involved in
some areas of scientific and technological endeavor: knows
that the public interest in, concern about, and moral and
material support of scientific inquiry ditfer greatly depend-
ing on the urgency, practicality, and relevance of the in-
quiry.

14
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6. Recogmze that measurement 1s an important feature of science.

For example. recogmzes that the formulation and estabhshment of
laws (principles) are facihtated through the development of quanti-
tative distinctions: recognizes that measurements are approximate
by nature and are progressively inclustve and precise.!

Age9 Knows that quantitative measurcments of natural pheno-
mena can be made.

Age 13 Knows that quantitative measurements provide clearer and
more precse representations of natural phenomena than do
qualitative descriptions

Age 17 Knows that quantitative measurements. when feasible. pro-
vide the basis for description. hypothesis testing. and pre-
diction: 1dentifies mathematics and statistics as valuable
tools for denving formation from quantitative data:
knows that all data are not equally precise

Adult Knows the mportance of quantitative measutemen®
scientific inquiry: recognizes that all measurement 1s ap-
proximate.

Recogmee that science 1s not. and probably never will be. a fimshed
. 2
enterprise.”

Age9  Knows that man has always had questions of a scientific
nature to explore.

Age 13 Knows that scientific ideas are subject to change and that
¢ ] &
scientists seatch continually for the answers to questions

Age 17 Knows that man continually modifies theoties and laws
(principles) based on new mformation. and that scientific
theories evolve and are subject to change over a peniod of
time

INational Science Teachers Association. Theory Into Action Washington,
D. C.: NSTA. 19064.

) . .
“National Science Teachais Assocation, op cu
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Adult  Knows that science is always in a state of change and that
as new information and technical skills are developed, our
present-day scientific knowlege is refined to a greater de-
aree,

8. Have accurate perceptions about scientists as people.

a. Perceives whai scientists are like as people: perceives that their
hves and personalities are similar to those of other people and as
varied as those of other people.

b. Perceives the role of scientists as that of uncovering and develop-
ing knowledge: knows that there are limitations on what scien-
tists can do: has realistic perceptions of the abilities and power
of scientists.

¢. Recognizes the nature of the training and/or experience (some-
times extensive) needed by scientists and technologists.

1. UNDERSTAND AND APPLY THE FUNDAMENTAL AS-
PECTS OF SCIENCE IN A WIDE RANGE OF PROBLEM
SITUATIONS

To *‘understand™ is to be able to explain in one’s own words. to recog-
nize when stated i phraseology different from that n the textbook. to
terpret (such as in interpreting tables or graphs of data). and to draw
inferences from. To “apply™ 1s to make actual use of previously acquired
knowledge. One must have knowledge and understand that knowledge
before it can be applied.

#e L *

E. Understand and apply the scientific enterprise.
Have a vahd understanding of the scientific enterprise and give evi-

dence of that understanding in one’s behavior. Make enlightened use
of this understanding of the scientific enterprise.

For example. use this understanding in attempting to interpret every-
day occurrences, in guiding daily activity. in personal decision mak-

ing, and m attacking the problems of society as a whole.

1. Have enlightened understanding of the social and economic con-
sequences of the scientific enterprise.

16
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3.

For example. understands the mpact of science and technology on
society and the impact of society on science and technology @1
aware of the ethics that control the scientist and his work: per-
ceives both the advantages and the dangets of scentific and tech-
notogical proposals and developments:applies an understanding of
the scientific enterprise n evaluating, judging, and working to solve
problems relating to human welfare, such as conservation of natural

resources. environmental pollution, food supply. highway safety.

population control, and radiation and fatlout

Make appropriate generalizatiors about the development of scien-
tfic knowledge.

For example. understands that laws (principles) can conie about
by generahzation from observations or by deduction from
theones: understands that theories can come about by generaliza-
tion from laws (principles).

Age 9 Describes the meaming of the defimtion of science as es
sentially a search for knowledge: explams the purpose of
observations 1 this search: describes the need for iephca-
tion 1n both observations and experiments

Age 13 Describes the need for relevant, controlled, and accurate
observations of natural phenomena under mvestigation.

Age 17 Understands that science depends on relevant and accur-
ate observations and experiments, and that these obser-
vations and expenments must be directed intelligently and
proceed within a logical theoretical framework: under-
stands that the scientific approach enables one to mate
sense out of experimental data and to organize it into a
comprehensibie body of knowledge. realizes that saientific
knowledge is tentative in nature.

Adult  Understands that the process of science continually re-
quires a return to the natural phenomenon under 1mves-
tigation for further observations and experiments: compre-
hends that no natural phenomenon is so completely
understood that 1t is beyond the province of further obser-
vation and experimentation.

Distinguish between pure science and applied science (technology).

Age 9 None.

17




ERIC

PAFullToxt Provided by ERIC

Age 13 Begms to distinguish between research for basic know-
ledge and research for practical uses. For example. given a
hist of familsar research topics. distinguishes between those

which are pure science and those which are technology;

realizes that relatively few scientists discover new informa-
tion but that many technologists develop the conse-
quences of this information.

Ag.b‘-l7 Cites examples of projects which could be considered as

and  pure science and projects which could be considered as

Adult technology: describes rescarch mentioned m current tews
1items as basic research or as applied research.

. Use historical information about the sciences to understand pre-

sent-day science and tecimology. An example of such historical
perspective 1s the following: although Newton delineated the
scientific piinciples of putting a satellite mto orbit 300 years ago.
it has taken much of the time since then to develop the technology
to do so,

Understand that most questions are amenable to inquiry by scien-
tific methods.

Age 9 Orders questions that differ in complexity.

Age 17 Describes why some questions are much more difficult to
mvestigate than others by scientific methods.

Age 17 Describes why some topics for screntific inquiry are more
feasible than others and how considerations such as time.,
urgency, and resources lead to scientific inquiry in some
areas but not in others: explams that some topics do not
qualify as subject matter for science; (that is. that for
some topics observations and expermments cannot be made
or the results of some observations and experiments are a
function of the individual investigator),

Adult  Describes the religious and social problems mvolve ' in
some areas of scientific and technological endeavor: under-
stands that the public nterest in, concern about. and
moral and material support of scientifc inquiry differ
greatly dupending on the urgency, practicality. and rele-
vance ¢1 the inquiry.

18
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6. Understand that measurement is an important feature of science.

For example, understands that the formulation and establishment

of laws (principles) are facilitated through the development of

quantitative distinctions: understands that measurements are ap-
proximate by nature and are progressively mclusive and precise. 3

Age 9 Understands that quantitative measurements of natural
phenomena can be made.

Age 12 Describes how quantitative measurements provide clemer
and more precise representations of natural phenomena
than do qualitative descriptions.

Age 17 Explams or demonstrates that quantitative measurements.
when feasible. provide the basis for description, hypo-
thesis testing. and prediction: ¢xplains that mathematics
and statistics provide valuable tools for denving informa-
tion from quantitative data: explams that all data are not
cqually precise.

Adult  Understands that measurement is important in scienufic
inquiry and that all measurement is approximate and
varies in precision and accuracy

Understand that science is not. and probably never will be, a
finished enterpnse.4

Age 9 Understands that man has always had questions of a scien-
tific nature to explore,

Age 13 Undesstands that scientific 1deas are subject to change and
that scientists search continually for the answers to cues-
tions,

Age 17 Understands that man continually modifies theories and
laws (principles) based on new mformation. and that
scientific theories evolve and are subject to change over a
period of time,

3np g . .
National Science Teachiers Association. op. cur

4National Science Teachers Association. op. cu
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Adult  Undeistands that science s always. in 2 state of change and
that as new informauon and technical skills are developed,
our present-day scientefic knowledge is refined to a grentes
degree.

8. Interacts with scientists as with any other people, without the
unrealistic expectations. fears. or reverence which would follow
from categorization and stereotyjping.

UL, APPRECIATE THE KNOWLEDGE AND PROCESSES OFF

SCIENCE, TIHE CONSEQUENCES AND LIMITATIONS
O SCIENCE. AND THE PERSONAL AND SOCIAL
RELEVANCE OF SCIENCE AND TECHNOLOGY IN
OUR SOCILTY

To “appreciate™ s to value objects, ideas. and processes. Appreciation
is expressed behaviorally in willingness to attend. to give up resources
for, to take a stand in favor of, etc. One must “know about™ in order
to appreciate, although he need not necessarily “understand.™

C. Appreciate the scientific enterprise.

Have one’s value system affected by his undesstanding oi the
scientific enterprise. Appreciate the need for. and value, the activi-
ties and products of science.

1. Appreciate the nature of the scientific enterprise. especially
seemg 1ts emphasis on reason and its opposition to mystical
explanation as profoundly shaping the history of western civili-
zation.

For example, appreciates dic distinction between science and
superstitions or misconceptions and develops reliance on the
former: possesses scientific attitudes such as the following
(which may be formed relatively carly in intellectual develop-
ment):

a. skepticism  of mystical explanations (for example. horo-
scopes).

b. preference for and confidence in scientific explanations.
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¢. faith m the possibility of solving problems.
d. desire for experimental testing.

e. delight in the richer, more excting view of the world gener-
ated by science education,

Appreciate the interrelationships within the various branches of
science and between science and other disciphines (including the
humanities).

For example, perceives mathematics as the language of science.
Enjoys the personal discovery of such relationships.

. Appreciate the interrclationships between pure and apphed

science.

For example, values both pure and applied science, aware of their
different roles.

. Appreciate scientists; acknowledge the role of scientists in work-

ing for solutions to present-day problems; acknowledge the re-
spected place of various scientists esteemed throughout history.
Believe scientists are valuable people.

. Show appreciation of and interest n scientific activities.

For example, engages in science-related leisure-time activities
commensurate with own age level, the activities being somewhat
independent of school or job requirements (that is, these self-
imtiated activities may or may not have been stimulated or sup-
pressed by the school or job): remains educable in science.

Age 9 Shows a desire for inquiring about matters such as trans-
portation. construction, cchniques of science, astron-
omy, and industrial processes, begins to show develop-
ment of interest and cunosity through questicns raised
about wether, the sky, the earth, living things, machines,
transportation, communication, and the natura! world;
shows interest in science stories, pictures of ammals and
plants from various regions, conservation, protection of
birds and birds’ nests, and the makimg of science collec-
tions; begins to develop pride in good workmanship, in

21
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planning work, and i fuushing things well, thus becom- -
ing critical of own work and making greater cffort to
improve.”

Age 13 Begms to be interested m: and inquire about homes, cus-
toms, occupations, and products of the different regions
of the world: likes to read, hear, or see accounts of man’s
activities in modifying his environment, m adjusting to it,
in mventing ways to use and improve 1t, and n studymg
and expernimenting to explam 1t: shows inteiest m new
discoveries and inventions: shows mterest in learning the
simple scientific principles of sound. hght, heat, elec-
tricity, and niagnetism and exploits these interests out-
side school as well as in school: denves satisfaction from
the use of science books: likes to read adout and see
vanous forms of plants and animals: develops science
hobbies: begins to develop a respect for good evidence
and the nature of proof®

-

Age 17 Enjoys reading and hearing about science, scientific dis-
and  coveries, and scientists: develops preferences among the
Adult  sciences: appreciates the scientific attiaide of questiomng
. and suspending judgment; is mterested in scientific in-
i struments; recognizes the need for concern about human
welfare and about conservation: appieciates the beauty
of the orderly, complex, and vast scientific woild with its
moral and mtellectual challenge: and 1s eager for further
knowledge of science.”

.
SKearney, N. C. Flementary School Objectives New York. Russell Sage
Foundation, 1953.
SKearney. op cu
7Kearney. op. cit
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Section Two

OBJLECTIVES RELATING TO .
THi: FUNDAMENTAL ASPECTS OF SCIENCE

Explanation. The remainder of this booklet follows the format estab-
hshed in our grid. Thatis. each major objective and each subobjective (exclud-
ing the last in each case) is taken up in turn.

1. KNOW THE FUNDAMENTAL ASPECTS OF SCIENCE
To “know " is to be able to recognize or recall phraseology, t2xtual mater-

1al,or other content. “Knowing™ does not include or imply “understand-

ing.” “applying,” or “appreciating™ the fundamental aspects of science.

A. Know facts and simple concepts

Know factual information and simple concepts representative of var-
jous fields of science and technology.

1. Know terminology of science.

For example, is able to define terms, and associate terms with
definitions or pictorial representations.

[ %)

Know names and uses of simple equipment used in science work.

For example. is able to associate names and uses with pieces of
equipment or their pictonal representations.

3. Know material objects.

For example, is able to associate names with objects or their pictor-
ial representations, state properties, features, structures, etc.

4. Know forms of energy.

For example, is able to associate forins with sources, give character-
istics.

o
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5. Know lving things.

For example. 1s able to state names. 1dentfy structures_ give func-
tions, give characteristics.

6. Know some of the basic coneepts of science.

For example. is able to identify types of simple machines, recog-
nize forms of atmospheric precipitation, identify classes of common
rocks.

7 Know that knowledge can be classified.

For example. is able to recognize simple categories for classifying
knowledge.

Age 9 Recognizes that objects can be classified accordmg to com-
mon characteristics (for example, that hving things can be
classified as plants or animals).

Age 13 Recognizes that a particular set of objects may be classi-
fied in more than one way.

Age 17 Recognizes commonly used groupings (for example. mam-
and  mals, birds. and flowering plants: rocks and minerals:
Adult  metals and nonmetals).

. . 8
3. Know common mathematical ~ and sctenttfic symbols.

B. Know laws (principles).

Recognize the relationships involved in laws (principles). Naming the
laws (principles) or recognizing the names is not necessary. Repiesen-
tative but not definitive examples include the following:

I. Know irchimedes’ Principle, Bernoulli’s Principle, or Laws of
Motion.

2. Know some principles related to the conceptual scheme of genetic
continuity.

¥Mathematics 15 fundamental to solving pioblems in science. Although
factual information about mathematics should not be assessed 1n science.
the application of mathematics to science should be stressed.

24
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Age 9 Knows that like begets like.

Age 13 Recognizes that offspring possess characteristics similar to
those of the pareuts.

Age 17 ldentifies simple examples of mutation: recognizes some of
the natural barriers functioning in the evolutionary process.

Adult  Knows that man has been able to manipulate and cause
some of the evolutionary changes beneficial to him, es-
pecially m agriculture,

. Know some principles related 1o the conceptual scheme of consei-

vation of mass-energy.

Age 9 Recognizes the fundamental idea that if a certam quantity
exists at a given time. one expects to find it at some later
time in the same form or in different forms.

Age 13 Identifies conservation of mass and of energy: recognizes
that if a certain quantity exists at a given time. one expects
at a later time to identify what may have become of any
portion of the original quantity that is missing,

Age 17 Knows that ordinary physical and chemical changes do not
alter the mass of matter significantly; knows that the con-
servation laws must be extended to include both mass ana
energy if nuclear changes are considered: recognizes conser-
vation laws as they relate to momentum or electrical
charge.

Adult  Recognizes simple examples of «he conservation of mass-
energy.

. Know some principles of classical mechanics.

Age 9 Knows that strong pushes or pulls produce greater changes
in motion than weak ones: recognizes the operation of the
lever as it relates to simple examples such as teeterboards
and scissors: knows that heavier objects require stronger
supporting structures than lighter objects; recognizes that
some objects can float on water.

25
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Age 13

Age 17

Adult

Recognizes the data needed to determine speeds; knows
simple meanings of terms such as gravity, friction, and
kinetic energy, although such recognition may be more
qualitative than quantitative.

Recognizes the distinction between pairs of related 1deas
such as mass and weight, speed and acceleration, and kinet-
ic energy and potential energy.

Knows about ideas such as gravity, force, velocity, accelera-
tion, weight, equilibrium, inertia, and friction: recognizes
that the principles of gravitation, celestial mechanics. and
the laws of motion apply, for example, to space flight.

C. Know conceptual schemes.

Know some of the fundamental themes that pervade particular fields

of science

and the broad field of science. Examples of conceptual

schemes include those developed for major science curricula (such as
the Biological Sciences Curriculum Study or the Earth Science Curricu-
lum Project) or the following seven conceptual schemes of science
proposed by the National Science Teachers Association:?

1. All matter is composed of units called fundamental particles. Under
certain conditions these particles can be transformed into energy
and vice versa.

2. Matter exists in the form of units which can be classified into
hierarchies of organizational levels.

3. The behavior of matter in the universe can be described on a statis-
tical basis.

4. Units of matter interact. The bases of all ordinary interactions are

electromagnetic, gravitattonal, and nuclear forces.

5. All interacting units of matter tend toward equilibrium states in

which the energy content (enthalpy) 1s a minimum and the energy

distribution (entropy) is most random, In the process of attaining
equilibrium, energy transformations or matter transformations or

. matter-energy transformations occur, Nevertheless, the sum of ener-
gy and matter in the universe remains constant.

?National Science Teachers Association. op, ¢i.. pp. 22-29. 31.

FRICq

PAFullToxt Provided by ERIC .

20




ERIC

PAFullToxt Provided by ERIC

6. One of the forms of energy 1s the motion of umts of matter. Such
motion 1s responsible for heat and temperature and for the states of
matter- solid. hiquid. and gaseous.

7. Al matter exssts i time and space: and. since mteractions occur
among its units, matter s subject 1 some degree to changes with
time. Such changes may occur at various rates and in various pat-
terns

D. Know inquiry skills
1. Know common approaches to scientific inquiry.
a. Identify common examples of scientific questions.

For example. 15 able to recogmze questions typically associated
with a given situation.

Age 9 Recognizes “What?"" questions associated with a simple,
famihar situation that is commonly taught.

Age 13 Recognizes “How?™ questions associated with a simple,
fanuliar situation that is commonly taught.

Age 17 Recognizes “Why?™ questions associated with a familiar
and  situation that 1s commonly taught.
Adult

b Recognize statements that qualify as scientific hypotheses.

For example. in fanubar problems. is able to recognize when the
notion of data is appropriate and 1s able to state whether or not
the posstbility of testing a hypothesis exists.

Age 9 Knows that effects occur under reproducible conditions:
tdentifies simple explanations for natural phenomena
observed.

Age 13 Knows the nature of a scientific hypothesis: recognizes a
simple explanatory hypothesis for a natural phenome-
non,

Age 17 States a wide variety of factors that would ment con-
stderation 1 the formulation of a hypothesis: knows
that i the formulation of any given hypothesis some
factors are important and others are extrancous.
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d.

Adult  Recogmzes cecmmon hypotheses for explaining natural
phenomena encountered in daily life,

Recognize important aspects of testing procedures (both logical
and empirical) in laboratory mvestigations which are commonly
taught,

For example. in the design of familiar experiments. is able to
recognize adequate plans for the collection of data, relevant
data, and apparatus setups: is able to identify variables that in-
fluence a system, and suitable controls.

Know convention know ways in winch data are expressed. re-
presented, or displayed.

For example, 1s able to recognize and distinguish among dia-
grams, graphs, chatts. tables, maps, and verbal presentations:
knows the quantitative value represented by a numeral.

Age 9  Names the quantitative value represented by a numeral.

Age 13. Recognizes graphs, tables, charts. Distinguishes among
Age 17. common forms such as histograms, bar graphs, and line
and  graphs. Knows commonly taught uses of the various
Adult  forms,

Know fundamental techniques associated with inquiry.

Given particuiar information., distinguish among techniques such as
the following which have been used to generate it:

g e e o

observing,

neasunng,

. classifying,

. communicating.

predicting.

inferring.

. knowing appropriate sources of information.

Know mental elements associated with mquiry.

For example. is able to. recognize mental elements in information
given.

28




a. ldentifies famihar mstances of fact, law, hypothests, assumption.
and opinion,

b. Recognizes relevant and irrelevant information in a commonly
taught situation

¢. Recognizes a famihar model and observations the model was
mvented to describe.

d. Recognizes observations. recognizes inferences

For exanwle, given a description of a situation and a set of
statements concerning the situation, tdentifies those statements
which are observations.

e. Recognizes inductive reasoning: recognizes deductive reasomng

For example, given a set of examples of reasoning. 1dentifies
those statements which ilustrate reasoning fro the general to
the specific: identifies this type of reasomng as deductive

E. Know the scientific enterprise

See Section One. pages 12-22,

. UNDERSTAND AND APPLY THE FUNDAMENTAL AS-

PLCTS O SCIENCE IN A WIDE RANGE OFF PROBLIEM
SITUATIONS

To “understand™ is to be able to explamn in one’s own words. to recog-
mze when stated in phraseology different from that in the textbook, to
interpret (such as in interpreting tables or graphs of data). and to draw
inferences from. To *“apply " is to make actual use of previously acquired
knowledge. One must have knowledge and understand that knowledge
before it can be applied. (For example, one must understand the informa-
tion on a weather map before he can use it to describe weather condi-
tions m vartous parts of the country or predict the movement of high and
low pressure areas for several successive days.)

¥ L3 *
A. Understand and apply facts and simple concepts

Understand and apply factual information and simple concepts repre-
sentative of all fields of science and technology.
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. Apply terminology of science.

For example, 1s able to use sustable science ters, when appropri-
ate, in conversations, and to apply correct termmology to ob-
served natural phenomena, including novel situations

. Apply knowledge of simple science equipment.

Fo. example, is able to propose uses for simple science equipment,
explain the operation of familiar equipment. and designate equip-
ment appropriate for a specified usage in unfamiliar situations.

. Apply knowledge of properties of material objects.

For example, is able to describe properties, features, and struc-
tures of objects and to use this undersianding in making decisions,
drawing inferences, and predicting outcomes.

. Apply knowledge of forms of energy.

For example, is able to distinguish between forms of energy. de-
scribe sources of energy. and discuss interrelationships of forins of
energy.

Apply knowledge of living things.

For example, is able to use information about structures, func-
tions, and characteristics of living things in making decisions,
drawing inferences. and predicting outcomes: is able to describe
and discuss ecological relationships.

Use knowledge of basic concepts of science.

For example, is able to explain observations of simple natural
phenomena: is able to describe the operation of simple mechanical
devices.

Use appropriate categories to organize knowledge.

For example, is able to describe categories for grouping objects or
living things, describe common characteristics of elements in a
group, and classify a group of objects in more than one way: 1s
able to categorize verbal knowledge.

. Use common mathematical and scientific symbols.
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For example, is able to use the symbols to express, record, and
interpret scientific data: is able to use the symbols where appropri-
ate in everyday hfe.

B. Understand and apply laws (principles).

Understand laws (principles) of science and apply them in order to
solve problems in familiar situations and in situations different from
those in which the laws (principles) were learned Representative but
not definitive examples include:

o

Apply Archimedes’ Principle. or Bernoulli's Principle, or Laws of
Motion.

. Apply some principles related to the conceptual scheme of genetic

continuity,

Age 9 Explains what it means to say that like begets hke and
uses this understanding to predict and infer unlearned
parent/offspring relationships.

Age 13 Understands that offspring are likely to possess character-
istics of the parent, and in simplest terms why this is true

Age 17 Describes simple examples of mutation and the role that
natural barriers play in the evolutionary process.

Adult  Describes hov, man has been able to manipulate and cause
some of the evolutionary changes that have been benefi-
cial to him, especully in agriculture.

. Apply some principles related to the conceptual scheme of conser-

vation of mass-energy.

Age 9 Uses the idea that if a certam quantity exists at a given
time, one expects to find it at some later time in the same
tform or in different forms.

Age 13 Applies laws of conservation of mass and of energy to
simple examples: (for example, uses the idea that if a
certain quantity exists at a given time, one expects at 2
later time to account for any portion of the original quan-
tity that 1s missing): uses measurements of quantities to
show that the quantities are conserved.
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Age 17 Demonstrates or explains that ordinary physical and
chemical changes do not alter the mass of matter signifi- b 1
L -
cantly. 5

Adult  Applies the rule of conservation of mass-energy . especially
. to everyday problems,

4. Apply some principles of classical mechanics.

Age 9 Understands that strong pushes or pulls produce greater
changes in motion than weak ones; understands the opera-
tion of the lever as it applies to teeterboards and scissors:
demonstrates that heavier objects require stronger sup-
porting structures than lighter objects: applies 1deas of
floating, for example. to boats.

Age 13 Determines average speeds of objects when given distances
and times; selects and/or obtains the data needed to deter-
mine speeds: applies ideas such as gravity, friction. and
kinetic energy. although understanding of the ideas is
probably qualitative rather than quantitative; solves
mathematical problems involving these quantities.

Age 17 Distinguishes between pairs of related ideas such as mass
and weight, speed and acceleration, and kinetic energy
and potential energy: works simple mathematical prob-
lems involving force, velocity, acceleration, and energy.

Adult Demonstrates a functional understanding of ideas such as
gravity. force, velocity, acceleration, weight, equilibrium,
mertia, and friction; may apply enough information about
gravitatton, celestial mechanics, and the laws of motion to
understand. for example, the fundamental mechanical
problems of space flight,

C. Understand and apply conceptual schemes.

Understand and apply the fundamental themes of particular fields of
science and the broad field of =cience.

For example, apply conceptual schemes to explain, organize. and pre-
dict natural phenomena. Representative but not definitive examples
include:
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t. Use available evidence m interpreting fand features.

For example, makes inferences bearing on the age of the carth’s
crust from evidence seen in sedimentary layers exposed i a road
cut,

Age 9 Understands that a particular rock has not alwzys been m
its present location and may not always be there: under-
stands that upper layers were formed most recently.

Age 13 Understands that the layers of rock are of varying com-
position (sandstone. limestone, etc.): explains that the
layers were deposited 1n a succession: explans that the
layers may have been formed by different processes.

Age 17 Interprets a sequence of events from the sequence of de-
and  posits or other geologic features, speculates about the rela-
Adult tive ages of rocks (an intrusion is younger than layers
intruded, folding would have occurred later than deposi-

tion of the folded layers, etc ).

[£%]

Use understanding of the fundamental theme of ecology.

Ag. 9 Understands in simplest terms that some living things arc
dependent on others.

Age 13 Cites cases where different forms of hfe hve m a smgle
community. Gives simple explanations of how man is up-
setting the “balance of nature™ in a given commumty.

Age 17 Explains what man has to do in order to mamtain patterns
and  of mterdependence in nature. Uses this understanding in
Adult  personal decision making.

D. Understand and apply inquiry shills,

1. Apply common approaches to scientific inquiry to answer qucs-
tions in science and 1 everyday life,

a. Formulate scientific questions.

For example, 1s able to formulate a question present in a given
situation or suggested by a theory or a prediction. isolate the
question from extraneous material. and define the question in
specific terms preparatory to devising solutions.

(S
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Age 9

Age 13

Age 17

Adult

Formulates “What?" questions imphcit n a simple
situation.

Formulates “How?™ questions implicit in a simple
situation; eliminates from consideration the most ob-
vious extraneous conditions.

Formulates somewhat complex “Why?"" questions im-
plicit in familiar and unfamiliar situations: isolates the
questions from extraneous conditions; defines the ques-
tions reasonably well in terms appropriate for investi-
gation,

Formulates questions in situations related to real-life
experiences rather than in contrived or academic situa-
tions.

b. Develop scientific hypotheses.

For example, is able to pose hypotheses that would be most
relevant i solving a problem;is able to suggest data that would
be pertinent to a problem.

Age 9

Age 13

Age 17

Adult

Demonstrates that effects occur under reproducible
conditions; formulates simple explanations for natural
phenomena observed.

Understands the nature of a scientific hypothesis; pro-
poses a simple explanatory hypothesis for a natural
phenomenon.

Considers a wide variety of factors in the formulation
of a hypothesis; understands that in the formulation of
any given hypothesis some factors are important and
others are extraneous: develops a hypothesis with a
degree of explicitness and attention to relevant factors
that would render the hypothesis useful and testable.

Formulates hypotheses appropriate for explining or
gaining greater understanding of natural phenomena
encountered in daily life.

Select or propose testing procedures (both logical und

empirical).
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For example, in designing experiments. is able to propose ade-
quate plans for the collection of data, design apparatus sctups,
isolate variables that influence a system. and devise suitable
controls,

Age 9  Describes what kinds of observations can be made.
what experiments can be performed. what data can be
gathered. and what procedures can be foliowed to test
a simple explanation for an observation.

Age 13 Plans approprate observations and/or experiments for
testing simple hypotheses. with some attes.on to rele-
vance, controls. and the degree of precision requirsd.

Age 17 Devises adequate plans for collecting data relevant to
testing a variety of hypotheses in famihar and unfamil-
iar situations.

Adult  Proposes suitable plans for the collection of data neces-

sary for testing hypotheses in familiar situations.

. Obtain pertinent data.

For example, 1s able to assemble and use laboratory equipment
in a logical sequence, select and use appropriate laboratory
techniques, make careful observations. and make suitable mea-
surements.

Age 9 Under direction and guidance. collects data based on
simple direct observations: collects data m elementary
experimental situations.

Age 13 Makes direct observations of natural phenomena as
well as measurements of dimensions such as distance.
weight, volume, and time: makes these observations or
measurements under proper guidance and also mde-
pendently in fannliar areas.

Age 17 Using a self-designed data coliection procedure. pro-
ceeds independently to make caeful observations
and/or reasonably precise measurements: has some fa-
cility with tire use of rulers, balances. and stopwatches
and with more specialized apparatus such as micro-
scopes and elect ic meters.
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Adult  Makes measurements with simple, commonly available
apparatus. the observations and measurements being
appropriately relevant and precise,

e. Express data in proper convention and mterpret data.

For example. 1s able to understand the significance of data for
hypotheses: uses knowledge of convention to compile and/or
interpret data m diagrams. graphs, charts, tables, maps.and ver-
bai presentations; "inderstands the quantitative value represent-
ed by a numeral; makes logical predictions from data.

Age 9 Reads numencal values from simple graphs, charts. and
tables: reads labels on diagrams: constructs and mnter-
prets very simple graphs, charts, and tables; makes sim-
ple inferences.

Age 13 Plots data on graphs and arranges data in tables and
charts; draws valid conclusions from simple data.

Age 17 Interprets the nature of changes described in diagram-
matical. graphical, and verbal data: interrelates differ-
ent bits of data: judges the relevance and accuracy of
statements made on the basis of given data: makes ap-
propriate interpolations and extrapolations.

Adult  Interprets cause-and-effect relationships from data: un-
derstands that the accuracy of the results of a study
depends on the nature of the quantitative data, the size
of any samples used. and the adequacy of the study
design.

f. Formulate and evaluate conclusions and generalizations appro-
priate to data or mformation given o, obtained from experi-
ments.

For example, is able to extract from collected data evidence
that supports or disproves specific hypotheses.

2. Use fundamental techniques associated with inquiry. Use tech-
niques such as the following in collecting information or in work-
ing with information given:

a. observing.
b. measuring.
¢. classifying.



d. communicating.

e. predicting.

f. mfernng,

g. consulting appropriate sources of information.

Use + .ntal clements associated with inquiry

For example. is able to use elements 1n collecting imformation o1
in working with information given

a Distinguishes among fact, law. hypothesis. assumpuon, and
opmion, and describes their relationships i mquiry. Generates
examples of each,

b. Distinguishes between relevant and irrelevant mformation.

¢. Distinguishes between a model and observations the model was
invented to describe. Generates examples.

d. Distinguish-  between observations and inferences, Makes obser-
vations free of inference

e. Distinguishes between inductive and deductive reasoning

Reasons mductively when appropriate to do so and deductively
when appropriate to do so.

4. Attend critically to scientific information presented by the mass
media

Forexample, 1s able to evaluate the allegedly scientific or pseudo-

scientific: is able to evaluate the adequacy. accuracy. and precision A
of data: is able to evaluate the use of sigmficant figures, mterpola-

tion and extrapolation, statements used out of context. and con-

clusions drawn from partial data.

Age 9 Begins to restate the obvious important ideas from a writ- e
ten passage or from a media presentation containing scien- '
ufic information.

Age 13 Extracts the important ideas from reading, histening to, or
watching presentations containming scientific information:
begins to recognize that the commitiment of ideas to
media presentation does not establish their truth: deter-
mnes the gross limitations i the results of ap experiment
reported in the media.
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Age 17 Evaluates printed matenals and media piesentations and

and  deternmnes any scientific limitations mherent 1 them.

Adult  Evaluates conflicting reports and draws tentative conclu-
stons based on analysis of the reports.

E. Understand and apply the scientific enterprise.

See Section One, pages 12-22,

APPRECIATE THE KNOWLEDGE AND PROCESSES Ol
SCIENCE, THE CONSEQUENCES AND LIMITATIONS
OF SCIENCE. AND THE PERSONAL AND SOCIAL
RELEVANCE OF SCIENCE AND TECIHNOLOGY IN
OUR SOCILTY

To “‘appreciate’ is to value objects, 1deas, and processes. Appreciation is
expressed behaviorally in willingness to attend, to give up resources for,
to take a stand in favor of, etc. One must “know about™ n order to
appreciate, although he need not necessarily “understand.”
* * *
A Appreciate facts and simple concepts, laws (principles). and
conceptual schemes

Appreciate science as a dynamic body of knowledge.

1. Be willing or hkely to apply basic scientific concepts and laws
(principles). where approprniate, in everyday living.

For example, is wilhing or likely to apply basic information from
own levet »f sophistication in science to questions involved in
personal wnd public decision making. (The emphasis is on a per-
son’s voluntarily applying the scientific information he has. not
on how much scientific information he has at his disporal.)

Age 9 At an appropriate level, becomes involved in local cam-
and  paigns to nuprove the environment and conserve re-
Age 13 sources.

Age 17 Linuts use of pesticides, supports legislation for environ-
and  mental improvements, conserves natural resources.
Adult

2. Have an mterest in current news of a scientific nature,.
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For example, within own range of understanding of factual con-
tent. reads. watches, listens to. and understands current news
items on scientifically related topics as they appear in the mass

‘ media or occur 1 conversations: integrates such information into
own life.

3. Value the structural framework of science. and the elegance of
scientific explanations,

For example, appreciates the interrelatedness of science concepts.
and of own volition seeks ways to relate newly acquired informa-
tion io previous understandings.
: B. Appreciate inquiry skills.

Appreciate inquiry skills as fundamental tools for solving problems

1. Be independently curious about scientific inquiry.
For example. appreciates inquiry skills as techniques which will
enable one to discover science knowledge and other knowledge in

situations both in and out of school. questions and evaluates -
inquiry techniques used personally and by others.

[

. Participate willingly in scientific inquiry.

For example, is willing and likely to use techniques of scientific

4 inquiry in attempting to answer scientific questions and questions
in everyday life, .
. . : - |
3. Recognize the importance of having quantifiable data.
For example, in everyday problem situations. prefers obtaining
quantifiable data over merely “‘armchairing™ a decision.
C. Apnreciate the scientific enterprise.
See Section One. pages 12-22.
*
)
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