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Foreword

“The education of young people in science is
at least as important, maybe more so, than
the research itself.”

—Glenn T. Seaborg

n 1998, with the adoption of the

Science Content Standards for Califor-

nia Public Schools, California made a
commitment that we will provide all
students a world-class science education.
Now, more than ever before, our students
need a high degree of science literacy. This
updated edition of the Science Framework
for California Public Schools builds on the
content standards, provides guidance for
the education community to achieve that
objective, and includes the 2004 evalua-
tion criteria for the kindergarten-through-
grade-eight instructional materials adopt-
ed by the State Board of Education. This
framework is California’s blueprint for our
science curriculum, instruction, profes-
sional preparation and development, and
instructional materials.

The framework offers guidance for
science instruction in elementary, middle,
and high schools. In kindergarten through
grade five, students receive a solid founda-
tion and acquire basic knowledge regard-
ing physical, life, and earth sciences as well
as learn investigation and experimentation
skills.

Science instruction increases in depth
and complexity in the middle grades,
where the empbhasis is on one science
strand each year. In grade six, students
focus on earth sciences; in grade seven,

M
Jack O’CONNELL
State Superintendent of Public Instruction

on life sciences; and in grade eight, on
physical sciences. The investigation and
experimentation standards increase in
sophistication in the middle grades and
require students to formulate a hypothesis
for the first time, communicate the logical
connections among hypotheses, and apply
their knowledge of mathematics to analyze
and report on data from their experiments.

At the high school level, science con-
tent is presented as four separate strands—
physics, chemistry, biology/life sciences,
and earth sciences—each providing stu-
dents the rigor they need to prepare for
collegiate-level study and career pathways.
Both the content standards and the frame-
work are designed so that the standards
can be organized either as strand-specific
courses or as courses that draw content
from several strands. The high school in-
vestigation and experimentation standards
ensure that students have experience in a
laboratory setting.

The framework addresses a number
of audiences—teachers, administrators,
instructional materials developers, profes-
sional development providers, parents,
guardians, and students. It makes the im-
portant point that science education must
take place in conjunction with other core
subjects, not in isolation from them.

This document establishes guiding
principles that define the attributes of a
quality science curriculum at all grade
levels. The framework reflects the funda-
mental belief that all students can acquire
the science knowledge and skills needed to
succeed in the world that awaits them.

(7) |
/\zf/,{ & (oo~

RutH E. GREEN
President, California State Board of Education
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State Board of Education Policy on
the Teaching of Natural Sciences

he domain of the natural sciences

is the natural world. Science is

limited by its tools—observable
facts and testable hypotheses.

Discussions of any scientific fact, hy-
pothesis, or theory related to the origins of
the universe, the earth, and life (the how)
are appropriate to the science curriculum.
Discussions of divine creation, ultimate
purposes, or ultimate causes (the why) are
appropriate to the history—social science
and English-language arts curricula.

Nothing in science or in any other
field of knowledge shall be taught dogmat-
ically. Dogma is a system of beliefs that is
not subject to scientific test and refutation.
Compelling belief is inconsistent with the
goal of education; the goal is to encourage
understanding,.

To be fully informed citizens, students
do not have to accept everything that is
taught in the natural science curriculum,
but they do have to understand the major
strands of scientific thought, including its
methods, facts, hypotheses, theories, and
laws.

A scientific fact is an understanding
based on confirmable observations and is
subject to test and rejection. A scientific
hypothesis is an attempt to frame a ques-
tion as a testable proposition. A scientific
theory is a logical construct based on facts
and hypotheses that organizes and explains
a range of natural phenomena. Scientific
theories are constantly subject to test-
ing, modification, and refutation as new
evidence and new ideas emerge. Because
scientific theories have predictive capabili-

ties, they essentially guide further investi-
gations.

From time to time natural science
teachers are asked to teach content that
does not meet the criteria of scientific fact,
hypothesis, and theory as these terms are
used in natural science and as defined in
this policy. As a matter of principle, science
teachers are professionally bound to limit
their teaching to science and should resist
pressure to do otherwise. Administrators
should support teachers in this regard.

Philosophical and religious beliefs are
based, at least in part, on faith and are not
subject to scientific test and refutation.
Such beliefs should be discussed in the
social science and language arts curricula.
The Board’s position has been stated in the
History—Social Science Framework (adopted
by the Board)." If a student should raise a
question in a natural science class that the
teacher determines is outside the domain
of science, the teacher should treat the
question with respect. The teacher should
explain why the question is outside the
domain of natural science and encourage
the student to discuss the question further
with his or her family and clergy.

Neither the California nor the United
States Constitution requires that time be
given in the curriculum to religious views
in order to accommodate those who object
to certain material presented or activities
conducted in science classes. It may be un-
constitutional to grant time for that reason.

Nothing in the California Education
Code allows students (or their parents or
guardians) to excuse their class attendance

Note: This policy
statement on the
teaching of natural
sciences, which
was adopted by
the State Board of
Education in 1989,
supersedes the
State Board’s 1972
Antidogmatism
Policy.



on the basis of disagreements with the
curriculum, except as specified for (1)

any class in which human reproductive
organs and their functions and process are
described, illustrated, or discussed; and

(2) an education project involving the
harmful or destructive use of animals. (See
California Education Code Section 51550
and Chapter 2.3 of Part 19 commencing
with Section 32255.) However, the United
States Constitution guarantees the free

exercise of religion, and local governing
boards and school districts are encour-
aged to develop statements, such as this
one on policy, that recognize and respect
that freedom in the teaching of science.
Ultimately, students should be made aware
of the difference between understanding,
which is the goal of education, and sub-
scribing to ideas.

Notes

1. History=Social Science Framework for California Public Schools (Updated edition with content
standards). Sacramento: California Department of Education, 2001.
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( : alifornia is a world leader in
science and technology and, as

a result, enjoys both prosperity
and a wealth of intellectual talent. The
nation and the state of California have
a history that is rich in innovation and
invention. Educators have the opportu-
nity to foster and inspire in students an
interest in science; the goal is to have
students gain the knowledge and skills
necessary for California’s workforce to
be competitive in the global, informa-
tion-based economy of the twenty-first
century.

The Science Framework for Califor-
nia Public Schools is the blueprint for
reform of the science curriculum, in-
struction, professional preparation and
development, and instructional materi-
als in California. The framework out-
lines the implementation of the Science
Content Standards for California Public
Schools (adopted by the State Board of
Education in 1998)! and connects the
learning of science with the fundamen-
tal skills of reading, writing, and math-
ematics. The science standards contain
a concise description of what to teach
at specific grade levels; this framework
extends those guidelines by providing
the scientific background and the class-
room context.

Glenn T. Seaborg, one of the great
scientific minds of this era, defined
science as follows: “Science is an orga-
nized body of knowledge and a method
of proceeding to an extension of this

knowledge by hypothesis and experi-

Introduction to
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ment.”? This framework is intended to
(1) organize the body of knowledge
that students need to learn during their
elementary and secondary school years;
and (2) illuminate the methods of sci-
ence that will be used to extend that
knowledge during the students’ life-
times.

Although the world will certainly
change in ways that can hardly be pre-
dicted in the new century, California
students will be prepared to meet new
challenges if they have received a
sound, basic education. This frame-
work outlines the foundation of science
knowledge needed by students and the
analytical skills that will enable them to
advance that knowledge and absorb
new discoveries.

Audiences for the
Framework

One of the primary audiences for
this framework is the teachers who are
responsible for implementing the sci-
ence standards. These teachers are el-
ementary and middle school teachers
with multiple-subject credentials,
middle and high school teachers with
single-subject credentials in science,
and those who may be teaching outside
their primary area of expertise. The
Science Framework is designed to pro-
vide valuable insights to both novice
and expert science teachers.

For designers of science instruc-
tional materials, the framework may



serve as a guide to the teaching of the
science standards and as an example of
the scholarly treatment of science that
is expected in their materials. Publish-
ers submitting science instructional
materials for adoption in the state of
California must adhere to a set of rig-
orous criteria described in this frame-
work. The criteria include careful
alignment with and comprehensive
coverage of the science standards, good
program organization and provisions
for assessment, universal access for stu-
dents with special needs, and instruc-
tional planning and support for the
teacher.

The organizers of both programs of
preservice professional preparation and
in-service professional development
will find this framework helpful. Skill
is needed to teach science well, and
training programs for teachers need to
be especially mindful of the expecta-
tions placed on students.

Scientists and other professionals in
the community often seek ways to help
improve their local schools, and this
framework will be helpful in focusing
their efforts on a common set of cur-
ricular goals. By providing ideas and
resources aligned with grade-level stan-
dards, professionals can make sure their
outreach efforts and donations to class-
rooms will be put to best use.

For many high school seniors,
commencement is followed shortly
thereafter by baccalaureate courses.
The Science Framework communicates
to the science faculty at all California
institutions of higher education what
they may expect of entering students.

Finally, the parents, guardians, and
other caregivers of students will find
the Science Framework useful as they
seek to help children with homework

Chapter |

or gain an understanding of what their
Introduction to

children are learning in school. the Framework

Instructional Materials

One of the best measures that local
educational agencies (LEAs) can take is
to ensure that all teachers of students in
kindergarten through grade eight are
provided with materials currently
adopted by the State Board of Educa-
tion (especially in science, mathemat-
ics, and reading/language arts) and are
trained in their use. Those materials
undergo a rigorous review and provide
teachers and other instructional staff
with guidance and strategies for help-
ing students who are having difficulty.

In choosing instructional materials
at the high school level, LEAs need to
be guided by the science standards and
the evaluation criteria set forth in
Chapter 9. An analogy used in the
Reading/Language Arts Framework for
California Public Schools is equally ap-
plicable to the teaching of science:
“Teachers should not be expected to be
the composers of the music as well as
the conductors of the orchestra.” In
addition to basic instructional materi-
als, teachers need to be able to gain
access to up-to-date resources in the
school library-media center that sup-
port the teaching of standards-based
science. The resources must be care-
fully selected to support and enhance
the basic instructional materials.

The Challenges in

Science Education

Elementary school students often
learn much from observing and record-
ing the growth of plants from seeds in
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the classroom. But are the same stu-
dents well served if seed planting is a
focus of the science curriculum in the
next year and the following one as
well? The same question may well be
asked of any instructional activity. To
overcome the challenges in science
education, several strategies are rec-
ommended:

Prepare Long-Term Plans

Long-term planning of a science
curriculum over a span of grades helps
students learn new things and develop
new skills each year. A standards-
based curriculum helps students who
move from district to district; they
will be more likely to receive a system-
atic and complete education.

The Science Content Standards and
the Science Framework are designed to
ensure that all students have a rich
experience in science at every grade
level and that curriculum decisions are
not made haphazardly. Instructional
programs need the content standards
to be incorporated at each grade level
and should be comprehensive and
coherent over a span of grade levels.

Reforming science curriculum,
instruction, and instructional materi-
als will be a time-consuming process.
To achieve the reform objectives, all
educational stakeholders need to ad-
here to the guidance provided in this
framework. The hope is that in the
near future teachers will have a much
greater degree of certainty about the
knowledge and skills the students
already possess as they file into the
classroom at the beginning of a school
year. Less time will be spent on re-
view, and teachers will also have a
clear idea of the content their students

are expected to master at each grade
level and in each branch of science.

Meet the Curricular
Demands of Other Core
Content Areas

The Reading/Language Arts Frame-
work and Mathematics Framework*
explicitly require uninterrupted instruc-
tional time in those subjects. In the
early elementary grades, students need
to receive at least 150 minutes of read-
ing/language arts instruction daily and
50 to 60 minutes of mathematics in-
struction. At the elementary school
level, the pressure to raise the academic
performance of students in reading/
language arts and mathematics has led
some administrators to eliminate or
curtail science instruction. This action is
not necessary and reflects, in fact, a fail-
ure to serve the students. The Science
Framework helps to organize and focus
elementary science instruction, bringing
it to a level of efficiency so that it need
not be eliminated.

All teachers, particularly those who
teach multiple subjects, need to use
their instructional time judiciously. One
of the key objectives set forth in the
Mathematics Framework applies equally
well to the study of science: “During the
great majority of allocated time, stu-
dents are active participants in the in-
struction.” In this case active means
that students are engaged in thinking
about science. If the pace of an activity
is too fast or too slow, students will not
be “on task” for much of the allotted
time.

When large blocks of time for sci-
ence instruction are not feasible, teach-
ers must make use of smaller blocks. For
example, an elementary teacher and the



class may have a brief but spirited dis-
cussion on why plant seeds have differ-
ent shapes or why the moon looks
different each week. For kindergarten
through grade three, standards-based
science content is now integrated into
nonfiction material in the basic read-
ing/language arts reading programs
adopted by the State Board of Educa-
tion. Publishers were given the follow-
ing mandate in the 2002 K-8 Reading/
Language Arts/English Language Devel-
opment Adoption Criteria:

In order to protect language arts in-
structional time, those K—3 content
standards in history—social science and
science that lend themselves to in-
struction during the language arts
time period are addressed within the
language arts materials, particularly in
the selection of expository texts that

are read to students, or that students
read.®

There is no begrudging of the ex-
tended time needed for students to
master reading, writing, and math-
ematics, for those are fundamental
skills necessary for science. The Read-
ing/Language Arts Framework states
this principle clearly: “Literacy is the
key to becoming an independent
learner in all the other disciplines.”
The Mathematics Framework bears a
similar message: “The [mathematics]

7

standards focus on essential content
for all students and prepare students
for the study of advanced mathemat-
ics, science and technical careers, and
postsecondary study in all content
areas.”®

Despite the aforementioned cur-
ricular demands, the science standards
should be taught comprehensively

during the elementary grades. This

challenge can be met with careful plan-
ning and implementation.

Set Clear Instructional
Objectives

In teaching the science standards,
LEAs must have a clear idea of their
instructional objectives. Science educa-
tion is meant to teach, in part, the spe-
cific knowledge and skills that will
allow students to become literate
adults. As John Stuart Mill wrote in
1867:

It is surely no small part of education
to put us in intelligent possession of
the most important and most univer-
sally interesting facts of the universe,
so that the world which surrounds us
may not be a sealed book to us, unin-
teresting because unintelligible.’

Science education, however, is
more than the learning of interesting
facts; it is the building of intellectual
strength in a more general sense:

The scholarly and scientific disciplines
won their primacy in traditional pro-
grams of education because they repre-
sent the most effective methods which
... have been [devised] through mil-
lennia of sustained effort, for liberating
and organizing the powers of the hu-
man mind."

Science education in kindergarten
through grade twelve trains the mind
and builds intellectual strength and
must not be limited to the lasting facts
and skills that can be remembered into
adulthood. Science must be taught at a
level of rigor and depth that goes well
beyond what a typical adult knows. It

must be taught “for the sake of science”

and not with any particular vocational
goal in mind. The study of science
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disciplines the minds of students; and
the benefits of this intellectual training
are realized long after schooling, when
the details of the science may be for-
gotten.

Model Scientific Attitudes

Science must be taught in a way
that is scholarly yet engaging. That is,
an appropriate balance must be main-
tained between the fun and serious
sides of science. A physics teacher
might have students build paper air-
planes to illustrate the relationship
between lift and drag in airflow; but if
the activity is not deeply rooted in the
content of physics, then the fun of
launching paper airplanes displaces the
intended lesson. The fun of science
may be a way to help students remem-
ber important ideas, but it cannot sub-
stitute for effective instruction and
sustained student effort.

There are certain attitudes about
science and scientists that a teacher
must foster in students. Scientists are
deeply knowledgeable about their fields
of study but typically are willing to
admit that there is a great deal they do
not know. In particular, they welcome
new ideas that are supported by evi-
dence. In doing their research good
scientists do not attempt to prove that
their own hypotheses are correct but
that they are incorrect."! Though
somewhat counterintuitive, this path is
the surest one to finding the truth.

Classroom teachers must always
provide rational explanations for phe-
nomena, not occultic or magical ones.
They need to be honest about what
they do not know and be enthusiastic
about learning new things along with
their students. They must convey to

students the idea that there is much to
learn and that phenomena not cur-
rently understood may be understood
in the future. Knowledge in science is
cumulative, passed from generation to
generation, and refined at every step.

Provide Balanced Instruction

Some of the knowledge of science
is best learned by having students read
about the subject or hear about it from
the teacher; other knowledge is best
learned in laboratory or field studies.
Direct instruction and investigative
activities need to be mutually support-
ive and synergistic. Instructional mate-
rials need to provide teachers with a
variety of options for implementation
that are based on the science standards.

For example, students might learn
about Ohm’s law, one of the guiding
principles of physics, which states
that electrical current decreases propor-
tionately as resistance increases in an
electrical circuit operating under a con-
dition of constant voltage. In practice,
the principle accounts for why a flash-
light with corroded electrical contacts
does not give a bright beam, even with
fresh batteries. It is a simple relation-
ship, expressed as V=/R, and embodied
in high school Physics Standard 5.b.

In a laboratory exercise, however, stu-
dents may obtain results that seem to
disprove the linear relationship because
the resistance of a circuit element varies
with temperature. The temperature of
the components gradually increases as
repeated tests are performed, and the
data become skewed.

In the foregoing example, it was
not Ohm’s law that was wrong but an
assumption about the stability of the
experimental apparatus. This assump-



tion can be proven by additional ex-
perimentation and provides an extraor-
dinary opportunity for students to
learn about the scientific method.

Had the students been left to un-
cover on their own the relationship
between current and resistance, their
skewed data would not have easily led
them to discover Ohm’s law. A sensible
balance of direct instruction and inves-
tigation and a focus on demonstration
of scientific principles provide the best
science lesson.

Ensure the Safety of

Instructional Activities

Safety is always the foremost con-
sideration in the design of demonstra-
tions, hands-on activities, laboratories,
and science projects on site or away
from school. Teachers need to be fa-
miliar with the Science Safety Handbook
for California Public Schools." It con-
tains specific and useful information
relevant to classroom teachers of sci-
ence. Following safe practices is a legal
and moral obligation for administra-
tors, teachers, parents or guardians,
and students. Safety needs to be
taught. Scientists and engineers in uni-
versities and industries are required to
follow strict environmental health and
safety regulations. Knowing and fol-
lowing safe practices in science are a
part of understanding the nature of
science and scientific procedures.

Match Instructional
Activities with Standards

Teachers need to use instructional
materials that are aligned with the
Science Content Standards, but how do
they know when a curriculum or
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The State Board of Education estab-
lishes content review panels to analyze

the Framework

the science instructional materials sub-
mitted for adoption in kindergarten
through grade eight. The panels consist
of professional scientists and expert
teachers of science. Local educational
agencies would be well advised to use
materials that have passed this stringent
test for quality and alignment. The
criteria are included in the Science
Framework (Chapter 9) and may help
guide the decisions of school districts
and schools when they adopt instruc-
tional materials for grades nine through
twelve.

In brief, teachers need to use in-
structional activities or readings that are
grounded in science and that provide
clear and nonsuperficial lessons. The
content must be scientifically accurate,
and the breadth and depth of the sci-
ence standards need to be addressed.
Initial teaching sequences must com-
municate with students in the most
straightforward way possible, and ex-
panded teaching used to amplify the
students’ understanding."” The con-
crete examples, investigative activities,
and vocabulary used in instruction
need to be unambiguous and chosen to
demonstrate the wide range of variation
on which scientific concepts can be
generalized.

For example, in grade four Stan-
dard 2.a is: “Students know plants are
the primary source of matter and en-
ergy entering most food chains.”* This
standard may be taught by using nu-
merous concrete examples. Mastery of
the concept, however, requires that
students understand how the concept is
generalized. Having learned by explicit
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instruction that plants are primary pro-
ducers in deserts, forests, and grass-
lands, the students must be able to
generalize the principle accurately to
include other habitats (e.g., salt
marshes, lakes, tundra). Although the
standard is easily amenable to labora-
tory and field activities, it cannot be
entirely grasped by observation of or
contact with nature.

In high school this standard is ex-
plored in considerable depth as stu-
dents come to learn about energy,
matter, photosynthesis, and the cycling
of organic matter in an ecosystem.
Standard 2.a in grade four prepares
students to learn more.

Another example of “preteaching”
embedded in the science standards is
Standard 1.h in grade three: “Students
know all matter is made of small par-
ticles called atoms, too small to see
with the naked eye.”” The intent of
this standard is not to make third-grade
students into atomic scientists, but
simply to introduce them to a way of
thinking that is reinforced in grades
five and eight and then taught in
greater depth in high school.

This framework is designed to en-
sure that instructional materials are
developed to the intended depth of
each standard and that the relation-
ships are made clear among standards
across grade levels and within branches
of science.

Science and the
Environment

Environmental concerns that once
received relatively little attention
(e.g., invasive species of plants and
animals, habitat fragmentation, loss of
biodiversity) have suddenly become

statewide priorities. Entire fields of
scientific inquiry (e.g., conservation
biology, landscape ecology, ethno-
ecology) have arisen to address those
concerns. In general, there is an in-
creased sense of the complexity and
interconnectedness of environmental
issues. The public response to Califor-
nia’s environmental challenges has
been profound as evidenced by the en-
actment of Senate Bill 373 (Chapter
926, Statutes of 2001). Senate Bill 373
requires the following topics to be in-
cluded in this framework:

* Integrated waste management
* Energy conservation

 Water conservation and pollution
prevention

e Air resources
* Integrated pest management
e Toxic materials

* Wildlife conservation and forestry

Several science standards address
those topics directly; provide students
with the foundational skills and knowl-
edge to understand them; or incorpo-
rate concepts, principles, and theories
of science that are integral to them.
The suggestions in this framework in-
clude ways of highlighting the topics

as follows:

* Students in kindergarten through
grade five learn about the characteris-
tics of their environment through
their studies of earth, life, and physi-
cal sciences. For example, in grade
three students learn how environmen-
tal changes affect living organisms.

* Students in grades six through eight
focus on earth, life, and physical sci-
ences, respectively; and standards at
each grade level include the study of
ecology and the environment.



* Students in grades nine through
twelve expand their knowledge of
habitats, biodiversity, and ecosystems
associated with the biology/life sci-
ence content standards. High school
earth science standards include the
study of energy and its usage as well
as topics related to water resources

and the geology of California.
The Legislature has declared “that

[we have] a moral obligation to under-
stand the world in which [we live] and
to protect, enhance, and make the
highest use of the land and resources
[we hold] in trust for future genera-
tions, and that the dignity and worth
of the individual requires a quality
environment in which [we] can de-
velop the full potentials of [our] spirit
and intellect” (Education Code Section
8704). Toward that end LEAs and
individual schools throughout Califor-
nia are contributing to the betterment
of the environment in many ways, in-
cluding replacing asphalt school
grounds with gardens, recycling school
waste, exchanging scientific data with
the international community through
Web sites, and restoring local habitats.
Specific programs of environmen-
tal education enhance the learning of
science at all grade levels. These pro-
grams enhance scientific and critical
thinking skills, enabling students to
perceive patterns and processes of na-
ture, research environmental issues,
and propose reasoned solutions. Envi-
ronmental education is not advocacy
for particular opinions or interests, but
it is a means of fostering a comprehen-
sive and critical approach to issues.
Students get a personal sense of re-
sponsibility for the environment; con-
sequently, schools are tied more closely
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Guiding Principles

The following principles form the
basis of an effective science education
program. They address the complexity
of the science content and the methods
by which science content is best taught.
They clearly define the attributes of a
quality science curriculum at the el-
ementary, middle, and high school

levels.

Effective science programs are

based on standards and use

standards-based instructional
materials.

Comprehensive, standards-based
programs are those in which curricu-
lum, instruction, and assessment are
aligned with the grade level-specific
content standards (kindergarten
through grade eight) and the content
strands (grades nine through twelve).
Students have opportunities to learn
foundational skills and knowledge in
the elementary and middle grades and
to understand concepts, principles, and
theories at the high school level. Stu-
dents use instructional materials that
have been adopted by the State Board
of Education in kindergarten through
grade eight. For grades nine through
twelve, students use instructional mate-
rials that are determined by local
boards of education to be consistent
with the science standards and this
framework.

A California Standards Test in sci-
ence is now administered at grade five,
reflecting the cumulative science stan-
dards for grades four and five. There-

fore, science instruction must be based
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on complete programs that cover all
the standards at every grade level. The
criteria for evaluating K-8 science in-
structional materials (see Chapter 9)
state: “All content Standards as speci-
fied at each grade level are supported
by topics or concepts, lessons, activi-
ties, investigations, examples, and/or
illustrations, etc., as appropriate.”

At the high school level, the Science
Content Standards document does not
prescribe a single high school curricu-
lum. To allow LEAs and teachers flex-
ibility, the standards for grades nine
through twelve are organized as con-
tent strands. There is no mandate that
a particular content strand be com-
pleted in a particular grade. Students
enrolled in science courses are expected
to master the standards that apply to
the curriculum they are studying re-
gardless of the sequence of the content.
Students in grades nine through twelve
use instructional materials that reflect
the Science Content Standards and this
framework. The grade nine through
twelve standards maps posted on the
California Department of Education
Web site are tools that LEAs can use to
determine if instructional materials are
aligned with the standards.

The California Standards Tests for
grades nine through eleven pertain
specifically to the content of the par-
ticular science courses in which stu-
dents are enrolled. The California
Department of Education makes blue-
prints for those tests and sample ques-
tions available to the public. Local
educational agencies are encouraged to
review and improve (as necessary) their
high school science programs to
achieve the following results:

1. All high school science courses that
meet state or local graduation re-

quirements or the entrance require-
ments of the University of California
or The California State University
are based on the Science Content

Standards.

2. Every laboratory science course is
based on the content standards and
ensures that students master both
the content-specific standards and
Investigation and Experimentation
standards.

3. Every science program ensures that
students are prepared to be successful

on the California Standards Tests.

4. All students take, at a minimum, two
years of laboratory science providing
fundamental knowledge in at least
two of the following content strands:
biology/life sciences, chemistry, and
physics. Laboratory courses in earth
sciences are acceptable if prerequisite
courses are required (or provide basic
knowledge) in biology, chemistry, or
physics.'®

Effective science programs

develop students’ command of

the academic language of
science used in the content standards.

The lessons explicitly teach scien-
tific terms as they are presented in
the content standards. New words
(e.g., photosynthesis) are introduced to
reflect students” expanding knowledge,
and the definitions of common words
(e.g., table) are expanded to incorporate
specific meanings in science. Develop-
ing students’ command of the academic
language of science must be a part of
instruction at all grade levels (kinder-
garten through grade eight) and in the
four content strands (grades nine
through twelve). Scientific vocabulary is
important in building conceptual un-
derstanding. Teachers need to provide



explanations of new terms and idioms
by using words and examples that are
clear and precise.

Effective science programs

reflect a balanced, comprehen-

sive approach that includes the
teaching of investigation and experi-
mentation skills along with direct in-
struction and reading.

A balanced, comprehensive ap-
proach to science includes the teaching
of investigation and experimentation
skills along with direct instruction and
reading. Investigation and experimen-
tation standards are progressive and
need to be taught in a manner integral
to the physical, life, and earth sciences
as students learn quantitative skills and
qualitative observational skills. For
example, the metric system is first in-
troduced in grade two, but students use
and refine their skill in metric measure-
ment through high school. The meth-
ods and skills of scientific inquiry are
learned in the context of the key con-
cepts, principles, and theories set forth
in the standards. Effective use of lim-
ited instructional time is always a ma-
jor consideration in the design of
lessons and courses. Laboratory space
and equipment, library access, and
resources are essential to support stu-
dents’ academic growth in science.

Effective science programs use

multiple instructional strategies

and provide students with
multiple opportunities to master the
content standards.

Multiple instructional strategies,
such as direct instruction, teacher mod-
eling and demonstration, and investi-
gation and experimentation, are useful
in teaching science and need to be in-

cluded in instructional materials. Those
strategies help teachers capture student
interest, provide bridges across content
areas, and contribute to an understand-
ing of the nature of science and the
methods of scientific inquiry.

Standards for investigation and
experimentation are included at each
grade level and differ from the other
standards in that they do not represent
a specific content area. Investigation
and experimentation cuts across all
content areas, and those standards are
intended to be taught in the context
of the grade-level content. Hands-on
activities compose at least 20 to 25
percent of the science instructional
time in kindergarten through grade
eight. Instruction is designed and
sequenced to provide students with
opportunities to reinforce founda-
tional skills and knowledge and to
revisit concepts, principles, and
theories previously taught. In this
way student progress is appropriately
monitored.

Effective science programs in-

clude continual assessment of

students’ knowledge and under-
standing, with appropriate adjustments
being made during the academic year.

Effective assessment (on a continu-
ing basis through the academic year) is
a key ingredient of standards-based
instruction. Teachers assess students’
prerequisite knowledge, monitor stu-
dent progress, and evaluate the degree
of mastery of the content called for in
the standards. Lessons include embed-
ded unit assessments that provide for-
mative and summative assessments of
student progress. Teachers and admin-
istrators regularly collaborate to im-
prove science progress by examining
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the results of California Standards Tests
in science (both the general test at
grade five and the specific tests in
grades nine through eleven).

Effective science programs

continually engage all students

in learning and prepare and
motivate students for further instruction
in science.

Students who are unable to keep up
with the expectations for learning sci-
ence often lack basic skills in reading
comprehension and mathematics.
Therefore, students who need extra
assistance to achieve grade-level expec-
tations are identified early and receive
support. Schools need to use transi-
tional materials that accelerate the stu-
dents’ reading and mathematics
achievement to grade level. Advanced
learners must not be held back but be
encouraged to study science content in

greater depth.

Effective science programs use

technology to teach students,

assess their knowledge, develop
information resources, and enhance
computer literacy.

Across the nation science in the
laboratory setting involves specialized
probes, instruments, materials, and
computers. Scientists extend their abil-
ity to make observations, analyze data,
study the scientific literature, and com-
municate findings through the use of
technology. High-performance com-
puting capabilities are used in science
to make predictions based on funda-
mental principles and laws. Technol-
ogy-based models are used to design
and guide experiments, making it pos-
sible to eliminate some experiments
and to suggest other experiments that

previously might not have been con-
sidered. Students have the opportunity
to use technology and imitate the ways
of modern science. Teaching science
by using technology is important for
preparing students to be scientifically
and technologically literate. Assembly
Bill 1023 (Chapter 404, Statutes of
1997) requires that newly credentialed
teachers demonstrate basic compe-
tence in the use of computers in the
classroom.

Effective science programs have

adequate instructional resources

as well as library-media and
administrative support.

Standards-based teaching and
learning in science demand adequate
instructional resources. Local educa-
tional agencies and individual school
sites need to include science resources
as an integral part of the budget.
Library-media staff must have science
as a priority for resource acquisition
and development. Administrators
must ensure that funds set aside for
the science resources are spent effi-
ciently (e.g., through clear processes
and procedures for purchasing and
maintenance) and support students’
mastery of the content standards. This
priority requires planning, coordina-
tion, and dedication of space for sci-
ence resources.

Effective science programs use

standards-based connections

with other core subjects to rein-
force science teaching and learning.

Science instruction provides mul-
tiple opportunities to make connec-
tions with other content areas.
Reading, writing, mathematics, and
speaking skills are needed to learn and



do science. In self-contained class-
rooms, teachers incorporate science
content in reading, writing, and math-
ematics as directed in the Reading—
Language Arts Framework and
Mathematics Framework. In departmen-
talized settings (middle and high school
levels) science teachers need to include
essay assignments and require that stu-
dents” writing reflect the correct appli-
cation of English-language conventions,
including spelling and grammar.

Organization of
the Framework

The Science Framework is primarily
organized around the Science Content

Standards. The framework:

* Discusses the nature of science and
technology and the methods by
which they are advanced (Chapter 2)

* Describes the curriculum content and
instructional practices needed for

mastery of the standards (Chapters 3,
4, and 5)

* Guides the development of appropri-
ate assessment tools (Chapter 6)

* Suggests specific strategies to promote
access to the curriculum for students
with special needs (Chapter 7)

* Describes the system of teacher profes-
sional development that needs to be in
place for effective implementation of

the standards (Chapter 8)

* Specifies the requirements for evaluat-
ing science instructional resources,
including investigative activities, for
kindergarten through grade eight
(Chapter 9)

* Provides information on pertinent
requirements of the California Educa-
tion Code regarding science education

in this state (Appendix)

The science standards are embedded
in Chapters 3, 4, and 5 and are grade-
level specific from kindergarten through
grade eight. The standards for grades
nine through twelve are organized by
strands: physics, chemistry, biology/life
sciences, and earth sciences.
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cience is the study of nature at all

levels, from the infinite to the

infinitesimal. It is the asking and
answering of questions about natural
processes or phenomena that are di-
rectly observed or indirectly inferred.
From these questions and answers
come tentative explanations called /y-
potheses, which lead to testable predic-
tions about the natural processes and
phenomena. Hypotheses that withstand
rigorous testing of predictions will
gradually lead to an accretion of facts
and principles, which serve as the foun-
dation of scientific theories. Scientific
knowledge gives rise to many technolo-
gies that drive the economy and im-
prove the quality of life for people. The
term technology embraces not only tools
(e.g., computers) but also methods,
materials, and applications of scientific
knowledge.

Scientific knowledge and technol-
ogy built on that knowledge have ex-
panded—one might even say
exploded—in the last 50 years. The
very nature of science as a human
endeavor has made this expansion pos-
sible. Scientific research and develop-
ment are both collaborative and
international; literally millions of men
and women around the world partici-
pate in the science and engineering
enterprise.

To stay current with scientific de-
velopments, school science programs
need to develop partnerships with li-
brary-media centers, museums, science

The Nature of Science
and Technology

and technology centers, colleges and
universities, industry, and subject mat-
ter projects to build support for such
programs.

The Scientific Method

The scientific method is a process
for predicting, on the basis of a handful
of scientific principles, what will hap-
pen next in a natural sequence of
events. Because of its success, this in-
vention of the human mind is used in
many fields of study. The scientific
method is a flexible, highly creative
process built on three broad assump-
tions:

* Change occurs in observable patterns
that can be extended by logic to pre-
dict what will happen next.

* Anyone can observe something and
apply logic.

* Scientific discoveries are replicable.

The first assumption may be con-
trasted with the idea that the complex-
ity of the natural world is so great as to
be outside human understanding. Sci-
ence asserts that change occurs in pat-
terns within the human capability to
perceive, that these patterns may be
discerned by observation, and that the
changes are subject to logic. The simple
logic of if-A-then-B suffices to under-
stand simple patterns; complex patterns
require the more complex logic ex-
pressed in mathematics. The concen-
tration of thought that mathematics



lends to the study of the natural world
is stunning. For example, the position
of the planets over millions of years in
the past can be closely approximated by
using only two strings of symbols taken
from Newton’s laws of motion and
gravity:

F=maand F= Gm,m,/d’

The second assumption is that any-
one can measure the strength of a scien-
tific theory by fairly testing its
predictions. Scientific research papers
thus contain not only the results of an
investigation, but all the information
needed to replicate the research. The
lifetime work of many scientists is repli-
cating other scientists’ experiments in
order to test their conclusions.

The third assumption is that indi-
viduals and groups can make progress
toward understanding natural phenom-
ena, and their discoveries can be repli-
cated at any time and suitable place by
an objective observer. Truth in science
knows no cultural or national bound-
aries. Science is not a system of beliefs
or faith but a replicable body of knowl-
edge. In fact, science is incapable of
answering questions that are based on
faith. Within the scientific community,
individuals or groups may sometimes
see only what they desire to see or have
been conditioned to see. Scientific
progress is sometimes stalled by incor-
rect theories or results; but once it is
shown that those theories or results
cannot be confirmed by others,
progress resumes in the correct direc-
tion.

The scientific method ultimately
allows for the formulation of scientific
theories. Part of science education is to
learn what these theories are and trace
their operation in the world. A theory in

popular language is a collection of re-
lated ideas that one supposes to be
true; in science, a theory is defined by
the principles of the scientific method.
Those principles, in order of prece-
dence, are as follows:

1. A scientific theory must be logically
consistent and lead to testable pre-
dictions about the natural world.

2. The strength of a scientific theory
lies solely in the accuracy of those
predictions.

3. Of two scientific theories that make
accurate predictions, the theory that
makes a greater number of predic-
tions with fewer underlying assump-
tions is likely to prove stronger.

The making and testing of predic-
tions is what distinguishes science
from other intellectual disciplines, and
emphasizing the accuracy of predic-
tions rather than the cogency of expla-
nations is the key to scientific progress.
A large assortment of recorded obser-
vations can often be accounted for
with explanations that sound good but
are nonetheless wrong. Predictions
that can be tested and verified, how-
ever, provide a sound standard by
which a scientific theory can be
judged.

The requirement that a scientific
theory makes predictions might seem
to reject as unscientific any theory that
describes the past. However, scientific
theories that describe the past (such as
those set forth by geologists, paleon-
tologists, and so forth) do make pre-
dictions about what will be observed in
the future. For example, if there was a
mass extinction at the boundary be-
tween the Cretaceous and Tertiary
periods more than 65 million years
ago, then a sample of sedimentary rock
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at or below that boundary would be
expected (at many sites) to show a
much greater number (and diversity) of
fossils than would a sample of rock
immediately above it. Furthermore, if
the extinction were to have been caused
by the impact of an asteroid, the layer
of “dust” falling after the impact would
be expected to show signs of the explo-
sive nature of the impact and the com-
position of the asteroid.

The three principles of the scien-
tific method cannot be used to deter-
mine how the predictions of scientific
theory should be tested. Nor can they
be used to create new and even stron-
ger theories. Inventing ways to test
existing theories or devising new theo-
ries requires creativity as well as knowl-
edge. The opportunity to make
discoveries through creative experi-
ments is what attracts many young
people to science careers. As with all
endeavors, practice, experience, and the
opportunity to watch others engaged in
similar efforts are highly beneficial to
students.

Scientific Practice

and Ethics

Scientists have the responsibility to
report fully and openly the results of
their experiments even if those results
disagree with their favored hypothesis.
They also have the responsibility to
report fully and openly the methods of
an experiment. For a scientist to hide
data, arbitrarily eliminate anomalies in
a data set, or conceal how an experi-
ment was conducted is to invite errors
and make those errors difficult to dis-
cover. All scientists must seek explana-
tions for anomalous observations and

results in order to improve their proce-
dures or to discover something new.
They also carefully consider questions
raised by fellow scientists about the
accuracy of their experiments. These
accepted ethical practices of scientists
need to be taught in the classroom at all
grade levels.

Students sometimes feel pressure to
come up with the right or expected
answer when performing an investiga-
tion. Some may even alter the results of
an experiment because they assume an
error has been made in observing, mea-
suring, or recording data. Teachers
must encourage students to report the
results they actually get. Variations in
results allow students the opportunities
to find problems with a procedure or an
apparatus. Learning that such problems
come with doing science and learning
how to detect and correct these prob-
lems are as important as reaching the
nominal goal of an investigation. To
discard the unusual in order to reach
the expected is to guarantee that noth-
ing but the expected will ever be seen.
That step would be a distortion of sci-
ence.

Science and Technology
Technology is the repeatable and

controlled manipulation of the natural
world to serve human ends. A deep
understanding of a phenomenon is not
necessary for successful technology. For
example, the Romans did not under-
stand why mixtures of limestone pow-
der, clay, sand, and water hardened, but
they had no trouble using the result to
mortar bricks. Still, the most spectacu-
lar technological advances often have
followed from an understanding of fun-
damental scientific principles. Ancient



peoples, for example, used the prin-
ciples of genetic heredity to improve a
few characteristics of some crops and
animals, but not until Gregor Mendel’s
experiments on garden peas in the
mid-1800s were the patterns of hered-
ity discovered. Mendel’s experiments
marked the birth of genetic science,
which has led to today’s high-yield
agricultural technologies and a new era
in medicine. The Roman civilization
and other earlier civilizations had the
ability to combine and utilize raw ma-
terials. Only after scientists had suffi-
cient knowledge of physics and
chemistry to take those raw materials
apart and rebuild them on a molecule-
by-molecule (or even an atom-by-
atom) basis did the stuff of today’s
technologies—from semiconductors
and superconductors to a bewilderingly
diverse array of synthetics—come into
being.

As new scientific principles are
discovered, new technologies can be
devised, and the use of existing tech-
nologies can be expanded. The new
technologies available even in the next
decade cannot be predicted, but new
technologies will certainly be needed to
cope with foreseeable problems, such
as human population growth, environ-
mental pollution, and finite energy
resources. It is also certain that techno-
logical advancements will be needed
for the problems that no one has fore-
seen.

Teachers have the opportunity to
incorporate technology, help students
master the science standards, enhance
students’ abilities to use technology
effectively, and help students under-
stand the relationship between science
and technology. Technology may serve
the following functions in education:

* Enable teachers and students to have
access to the latest information in
science. In grade seven of the science
standards, Standard 7.b calls for stu-
dents to “use a variety of print and
electronic resources (including the
World Wide Web) to collect infor-
mation and evidence as part of a re-
search project.”! Any Internet usage,
of course, must comply with the pro-
visions of applicable law and policies
adopted by the local educational
agency (LEA).

* Provide students with experience in
effective communication. The inves-
tigation and experimentation stan-
dards provide a range of skills
beginning in kindergarten (“Com-
municate observations orally and
through drawings”)? and culminating
in grades nine through twelve (“Se-
lect and use appropriate tools and
technology [such as computer-linked
probes, spreadsheets, and graphing
calculators] to perform tests, collect
data, analyze relationships, and dis-
play data”).?

e Further scientific study in business,
industry, and postsecondary educa-
tion. The technologies used to ad-
dress energy needs are discussed in
Chapter 4 under “Grade Six,” and
chips and semiconductors are dis-
cussed under “Grade Eight.” In the
high school grades, the science stan-
dards call for students to “know how
genetic engineering (biotechnology)
is used to produce novel biomedical
and agricultural products.™

* Become integrated in instruction
where it is likely to improve student
learning. The focus must be on learn-
ing science and using technology as a
tool rather than as an end in itself.
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The Mathematics Framework contains

an important precaution that equally
applies to science: “The use of tech-

nology in and of itself does not ensure

improvements in student achieve-
ment, nor is its use necessarily better
for student achievement than are
more traditional methods.”

* Simulate or model investigations and

experiments that would be too expen-

sive, time-consuming, dangerous, or
otherwise impractical. Investigation
and Experimentation Standard 1.g
requires students in grades nine
through twelve to “recognize the use-
fulness and limitations of models and
theories as scientific representations
of reality.”®

* Support universal access to science
content through assistive technolo-
gies, consistent with a student’s 504
accommodation plan’ or individual-
ized education program.®

Resources for Teaching
Science and Technology

As students learn the skills and
knowledge called for in the Science
Content Standards for California Public
Schools they will come to know implic-
itly the nature of science. They will
understand the key concepts, prin-
ciples, and theories of science and will
have practiced scientific inquiry. The
guidance and information provided in
this framework may be used to imple-
ment effective science education pro-
grams in public schools from kinder-
garten through grade twelve that will
provide students with the opportunity
to become scientifically literate and
understand the nature of science and

technology.

The number of electronic resources
for science education is increasing rap-
idly. The California Learning Resource
Network <hep:/fwww.clrn.org/science>
provides a way for educators to identify
supplemental electronic learning re-
sources, including Web sites, that si-
multaneously meet local instructional
needs and align with the Science Con-
tent Standards and this framework.
Educators should comply with appli-
cable policies of their school districts
regarding Internet resources.

When science and technology are
discussed in the context of history and
historical figures, instruction is often
enriched. The History—Social Science
Content Standards follows this prin-
ciple.” The standards:

* Include references to scientists such
as Ben Franklin, Louis Pasteur,
George Washington Carver, Marie
Curie, Albert Einstein, Nicolaus
Copernicus, Galileo Galilei, Johannes
Kepler, and Isaac Newton.

e Cover inventors such as Thomas
Edison, Alexander Graham Bell, the
Wright brothers, James Watt, Eli
Whitney, and Henry Bessemer.

* Encompass the effects of the informa-
tion and computer revolutions,
changes in communication, advances
in medicine, and improvements in
agricultural technology.

Science and Society

Science does not take place in a
secret place isolated from the rest of
society. Nor are the technologies that
it creates shielded from public scrutiny.
The continued expansion of scientific
knowledge and the new technologies
that spin off that knowledge will inevi-



tably challenge citizens to rethink
their ideas and beliefs. For example, as
new genetically modified crops and
livestock are developed by scientists,
some people have expressed concern
about food safety and the ethics of
such practices. On the other hand,
people in developing countries have a
compelling interest to use the new
technologies to rid themselves of fam-
ine and diseases. Those types of trade-
offs are likely to become the focus of
intense public discussion and political
debate.

The presentation of some scien-
tific findings or practices may be trou-
bling to students who genuinely
believe that those findings or practices
conflict with their religious or philo-
sophical beliefs. Dealing construc-
tively and respectfully with those
beliefs while holding firm to the na-
ture of science is one of the greatest
challenges to public school teachers.

Scientifically literate students need
to understand clearly the major scien-

tific theories and the principles behind
the scientific method. They must also
understand that though the scientific
method is a powerful process for pre-
dicting natural phenomena, it cannot
be used to answer moral and aesthetic
questions. Nor can it be used to test
hypotheses based on supernatural inter-
vention. Science exclusively concerns
itself with predicting the occurrence
and consequences of natural events.
This concern is explicitly expressed in
Standard 7.10 of grade seven of the
History—Social Science Content Stan-
dards: “Students analyze the historical
developments of the Scientific Revolu-
tion and its lasting effect on religious,
political, and cultural institutions™°
The students go on to consider this
analysis in terms of the roots of the
scientific revolution, the significance of
new scientific theories, the influence of
new scientific rationalism on the
growth of democratic ideas, and the
coexistence of science with traditional
religious beliefs.

Notes

1. Science Content Standards for California Public Schools, Kindergarten Through Grade Twelve.
Sacramento: California Department of Education, 2000, p. 25.

. Ibid., p. 2.
. Ibid., p. 52.
. Ibid,, p. 44.

[ I NS S S

. Mathematics Framework for California Public Schools, Kindergarten Through Grade Twelve. Sacra-

mento: California Department of Education, 2000, p. 227.

[

. Science Content Standards, p. 52.

7. A Section 504 accommodation plan is a document typically produced by school districts in

compliance with the requirements of Section 504 of the federal Rehabilitation Act of 1973. The
plan specifies agreed-on services and accommodations for a student who, as the result of an
evaluation, is determined to have a “physical or mental impairment [that] substantially limits
one or more major life activities.” In contrast to the Individuals with Disabilities Education Act
(IDEA), Section 504 allows a wide range of information to be contained in a plan: (1) the na-
ture of the disability; (2) the basis for determining the disability; (3) the educational impact of
the disability; (4) necessary accommodations; and (5) the least restrictive environment in which
the student may be placed.
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8. An individualized education program (IEP) is a written, comprehensive statement of the educa-
tional needs of a child with a disability and the specially designed instruction and related ser-
vices to be employed to meet those needs. An IEP is developed (and periodically reviewed and
revised) by a team of individuals, including the parent(s) or guardian(s), knowledgeable about
the child’s disability. The IEP complies with the requirements of the federal IDEA and covers
such items as (1) the child’s present level of performance in relation to the curriculum; (2)
measurable annual goals related to involvement and progress in the curriculum; (3) specialized
programs (or program modifications) and services to be provided; (4) participation with
nondisabled children in regular classes and activities; and (5) accommodation and modification
in assessments.

9. History—Social Science Content Standards for California Public Schools, Kindergarten Through
Grade Twelve. Sacramento: California Department of Education, 2001.

10. Ibid., p. 31.
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his chapter incorporates the

Science Content Standards,

providing an explanation of the
science underlying the standards and
outlining activities that are consistent
with the objectives of the standards.
The activities included in this chapter
are examples of the ways in which the
standards may be approached. They are
not to be interpreted as requirements
for the science classroom or for inclu-
sion in instructional materials, thus
explaining the frequent use of helping
verbs, such as can, may, and should.

The science standards are set forth
in terms of what students know. There-
fore, mastery of an individual standard
is achieved when students have actually
learned the fact, skill, concept, prin-
ciple, or theory specified. Mastery does
not occur simply because students have
received a particular explanation or
participated in a particular activity.
The elementary school science pro-

gram provides the foundational skills
and knowledge students will need in
middle school and high school. Stu-
dents are introduced to facts, concepts,
principles, and theories organized un-
der the headings of physical, life, and
earth sciences. They learn essential in-
vestigation and experimentation skills
that will continue to be developed
through high school. Elementary
school students respond positively to

well-structured activities and expository
reading materials that connect the
world around them to the science con-
tent. Students raise questions, follow
their curiosity, and learn to be analyti-
cal. They are encouraged to practice
open and honest expression of ideas
and observations; they learn to listen to
and consider the ideas and observations
of other students. Both teachers and
students need to enjoy the adventure of
science.

This enjoyable adventure includes
the school library-media center as a
natural partner in science teaching and
learning. The books and other resources
available in the school library enhance
and expand an interest in and under-
standing of science. When the school
library-media center is appropriately
staffed with a credentialed library-
media teacher, information literacy
instruction can be integrated into regu-
lar science instruction.

Safety is always the foremost con-
sideration in teacher modeling and the
design of demonstrations, investigation
and experimentation, and science
projects, both at the school site and
away from school. Teachers must be-
come familiar with the Science Safety
Handbook for California Public Schools.!
It contains specific and useful informa-
tion relevant to classroom teachers of
science. School administrators, teachers,



parents/guardians, and students have a
legal moral obligation to promote
safety in science education. Safety
must be taught. Scientists and engi-
neers in universities and industries are

required to follow strict environmental
health and safety regulations. Knowing
and following safe practices in science
are a part of understanding the nature
of science and scientific enterprise.
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cience study provides children in kindergarten with a unique opportunity

to explore the world around them. It is important to teach kindergarten stu-

dents to be objective observers and to know the difference between an obser-
vation and an opinion. Students begin their study of science by observing and
noting the similarities, differences, and component parts of materials, plants and
animals, and the earth. They also observe processes and changes over time. Obser-
vational activities must always be designed with safety as a foremost consideration.

Students learn how to classify, compare, sort, and identify common objects.

They expand their skills in descriptive language by learning to observe, measure,
and predict the properties of materials. Activities related to freezing, melting, and
evaporation can provide ways to stimulate classroom discussions. Studies of plants
and animals, landforms, and weather allow students to recount personal stories and
speak of familiar experiences and interests. In doing so they learn new vocabulary
and have opportunities to practice mathematics. In the kindergarten curriculum, as
students listen to stories, teachers may use important strategies for teaching compre-
hension by (1) using pictures and context to make predictions; (2) retelling familiar
stories; and (3) answering and asking questions about essential elements.

STANDARD SET I. Physical Science

Standard Set 1 begins the study of the properties of matter
and its transformations. While learning these standards,
students build a foundation for making observations and
measurements. The three standards call attention to the
properties of common objects (most of which are solids)
and to the properties of water. Teachers introduce the term physical property to stu-
dents by asking them to observe the properties of a variety of objects. Students will
be able to predict on the basis of some initial observations what will happen under
different conditions rather than make random guesses.

I. Properties of materials can be observed, measured, and predicted.
As a basis for understanding this concept:
a. Students know objects can be described in terms of the materials they
are made of (e.g., clay, cloth, paper) and their physical properties
(e.g., color, size, shape, weight, texture, flexibility, attraction to mag-
nets, floating, sinking).

Students learn how to compare objects on the basis of characteristics and physi-
cal properties, such as color, size, shape, weight, texture, flexibility, attraction to
magnets, and floating and sinking in water. By working with objects and noting



their physical properties and characteristics, students develop their ability to make
observations and use appropriate academic science language that is expressive and
descriptive.

Teachers may provide a variety of objects that students can investigate by using
the senses of sight, sound, and touch. Activities involving the sense of smell and
taste should be done only at home under parental supervision. In the classroom
students use sight, sound, and touch to sort objects according to their physical
properties.

The next step is for students to sort objects according to properties that do not
manifest themselves directly to those three senses. For example, they might test
different objects for the ability to float or sink in a small container of water. The
list might include wood blocks, sponges, solid rubber balls, metal washers, small
rocks, and Styrofoam balls. Students can test a few of these objects by observing
which ones sink or float, then test their predictions experimentally. They may be
surprised to see that a heavy piece of wood will float, but a lighter metal washer will
sink.

Those observations are important to discuss because the behavior of the object
depends on its density and not its weight. Density is a topic that is covered for-
mally in grade seven, but students need to get a “feel” for it in earlier grades. Simi-
larly, the property of magnetism is discussed in some detail in grade four, but
students in kindergarten may enjoy learning that magnets stick only to certain
types of metal and that the most common magnetic metal is iron.

I. b. Students know water can be a liquid or a solid and can be made to
change back and forth from one form to the other.

Observing the change from ice to liquid water and back to ice builds students’
understanding that a substance may have both solid and liquid forms. Freezing and
then melting water shows students that the water is returned exactly to its original
state. A teacher may consider reading a story about winter ice and snow to the class
to help develop vocabulary and comprehension.

l. c. Students know water left in an open container evaporates (goes into
the air) but water in a closed container does not.

Students can observe a cup of water covered or uncovered in the classroom
during several days or weeks. The gradual evaporation of water offers an opportu-
nity for students to record observations and develop vocabulary related to time
periods that extend beyond a single day. The rate of evaporation will depend on the
temperature and room humidity and on the type of container chosen. Stories in
which it rains and then the water dries up may also provoke interesting discussions.
When rain forms puddles on the ground, some of the water may evaporate and
some of it may sink into the soil where it can be taken up by plants.

Students may observe evaporation in classroom demonstrations. Water vapor
in the air may be condensed to liquid water and collected on a cold surface. For
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example, a teacher might hold a hand-mirror over a container of hot tap water to
show that the water vapor rises and fogs the mirror and that small droplets of water
may form.

STANDARD SET 2. Life Sciences

Kindergarten students expand their observational skills and
vocabulary by learning to describe the appearance and be-
havior of different animals and plants. They have the op-
portunity to discuss the principles of structure and
function at a simple level. For example, most birds and
many insects have wings and can fly, but birds have feathers and insects do not.
There are many outstanding fictional stories that the teacher may select to read to
the students, perhaps from the school library-media center. Students learn that sto-
ries may give plants and animals attributes that are funny but not real. Although

authors may use anthropomorphism to engage the interest of young people and
exercise their imagination, such a literary technique should not be confused with
scientific procedures and fact. Teachers may use many expository texts to enrich the
observation of plants and animals in a classroom.

2. Different types of plants and animals inhabit the earth. As a basis for
understanding this concept:

a. Students know how to observe and describe similarities and differences
in the appearance and behavior of plants and animals (e.g., seed-bearing
plants, birds, fish, insects).

Teachers guide students to learn that all plants and animals need air, food, and
water to grow and be healthy. Students also learn that most animals are able to
move about from place to place, which helps them find food to eat. Terrestrial
plants, on the other hand, are usually rooted in one place and must obtain their
nutrients and energy from the surrounding air, soil, water, and sunlight.

2. b. Students know stories sometimes give plants and animals attributes
they do not really have.

Real plants and animals do not talk, wear clothing, or walk like humans. Scien-
tific observation of plants and animals helps students in kindergarten to understand
the difference between characteristics of the real world and of fantasy.

2. c. Students know how to identify major structures of common plants and
animals (e.g., stems, leaves, roots, arms, wings, legs).

Students increase the detail of their understanding of plants and animals as they
learn about the major structural components of common plants and animals and
their functions. For example, students might plant some seeds in pots, care for the
plants that sprout, and note how the different structures (such as stems, leaves, and



roots) change during growth and development. A comparison of different leaves is
also instructive. Leaves that are good to study have smooth or jagged edges; are
wide or narrow; and are of a different color, odor, or texture. Keeping some small
animals (such as goldfish and hamsters) in the classroom will provide opportunities
for students to learn new vocabulary related to major structures. Students should
also learn that scientists are responsible for the ethical care of laboratory animals
and that classroom animals deserve no less care (Education Code Section 51540).

STANDARD SET 3. Earth Sciences

Mountains, valleys, plains, rivers, lakes, and oceans are all
features of the surface of Earth. Forces within Earth uplift
the land; and the actions of wind, water, and ice carve
Earth’s surface into topographic features. Contrasts be-

tween rivers and oceans, mountains and deserts, and hills
and valleys can become the natural settings for students to begin studying the earth
sciences. Changing weather conditions (such as rain, wind, and temperature) pro-
vide students with opportunities to make observations and measurements. Record-
ing changes in the weather provides a rich opportunity for class discussion and
builds listening comprehension.

The materials that make up Earth’s surface provide resources for human activi-
ties. Students learn that human consumption leads to waste that must be disposed
of. This understanding will help them appreciate the importance of recycling and
conserving Earth’s resources.

3. Earth is composed of land, air, and water. As a basis for under-
standing this concept:

a. Students know characteristics of mountains, rivers, oceans, valleys,
deserts, and local landforms.

Students can explore the variability of landforms by means of tangible experi-
ences (such as making direct observations, hearing stories and seeing pictures, and
making models on sand/water tables). They learn to identify the mountains, rivers,
oceans, valleys, deserts, and other landforms in photographs or models. This activ-
ity will also help improve their vocabulary for describing things.

3. b. Students know changes in weather occur from day to day and across
seasons, affecting Earth and its inhabitants.

Students know that they do not wear the same clothes on a wet, windy day as
they do on a hot, sunny day. They now need to extend their concept of the conse-
quences of weather changes beyond their personal lives. Students make weather
observations and note how the weather changes over a period of days, weeks, and
months. They observe the generic effects of weather and seasons on the land and
living organisms.
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3. c. Students know how to identify resources from Earth that are used in
everyday life and understand that many resources can be conserved.

Students need to learn the connection between materials and the resources
from which the materials were derived. Students learn the importance of science in
understanding the need for good air to breathe and clean water to drink. Students
may explore ways in which to conserve, recycle, and reuse materials, especially
within the classroom and school site environment. It is important they learn that
everything has an origin. For example, drinking water is derived from streams and
lakes, wood and paper from trees, and bricks and metals from Earth.

STANDARD SET 4. Investigation
and Experimentation

The ability to observe and describe common objects devel-
ops early and is enhanced by kindergarten instruction
when students are introduced to the properties of solids
and liquids, plants and animals, and landforms and

weather conditions. Students can also be taught to compare and sort objects on the
basis of the objects’ properties and be encouraged to use mathematics to communi-
cate some of their observations.

4. Scientific progress is made by asking meaningful questions and con-
ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands, students
should develop their own questions and perform investigations. Stu-
dents will:

a. Observe common objects by using the five senses. [Caution: Observa-
tional activities associated with tasting and smelling should be con-
ducted only under parental supervision at home.]

b. Describe the properties of common objects.

c. Describe the relative position of objects using one reference
(e.g., above or below).

d. Compare and sort common objects by one physical attribute
(e.g., color, shape, texture, size, weight).

e. Communicate observations orally and through drawings.
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tudents in grade one learn about the general properties of solids, liquids, and

gases. They also learn about the needs of plants and animals and the func-

tions of some of their external structures. Students also learn how to use
simple weather-recording instruments, such as thermometers and wind vanes, and
discuss daily and seasonal changes in weather. Students in grade one are adept at
identifying the characteristics of objects and can either record those observations
through pictures and numbers or begin to use written language. They can learn to
make new observations when discrepancies exist between two descriptions of the
same object or phenomenon.

The English-language arts standards require students to write brief expository
descriptions about people, places, things, and events by using sensory details.
Those expository descriptions may be aligned with the science standards that re-
quire students to record observations and data by using some written language.
Teachers should guide students to respond to who, what, when, where, and how
questions. Students expand their vocabulary by learning appropriate grade-level
scientific terms (such as freezing, melting, heating, dissolving, and evaporating).

STANDARD SET I. Physical Sciences

Students learn the general differences and similarities be-
tween properties common to all solids, liquids, and gases.
The physical sciences standards in grade one provide a
foundation for the study (in grade three) of evaporation
and the changes in states of matter that may occur when
solids and liquids are heated.

I. Materials come in different forms (states), including solids, liquids,
and gases. As a basis for understanding this concept:

a. Students know solids, liquids, and gases have different properties.

Solids have definite shapes, meaning they are rigid and occupy a specific vol-
ume. This attribute distinguishes solids from liquids and gases whose fluid nature
(or ability to flow) results in their shape being determined by the shape of whatever
vessel contains them.

Teachers may demonstrate the properties of a solid by collecting a variety of
solid objects of different shapes, sizes, weights, and textures. They demonstrate the
fluid nature of a liquid by pouring water between same-sized measuring cups of
different shapes. This demonstration shows that each cup holds the same amount
of liquid even though the shapes are different. Distorting a partially inflated bal-
loon into a variety of shapes shows that gases do not have a definite shape, and
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pushing the balloon into a container of water shows the amount or volume of water
excluded by the gas.

Students can draw pictures and tell or write stories that illustrate the differences
between the properties of solids, liquids, and gases.

I. b. Students know the properties of substances can change when the
substances are mixed, cooled, or heated.

Students can be taught that melting requires heating and freezing requires chill-
ing. It may be helpful to use a thermometer to establish whether the temperature of
a substance is increasing or decreasing before and after melting occurs. As ice water
is heated, the temperature does not increase until the ice is melted. Students should
begin to understand that some changes are reversible (e.g., ice melting) and some
are irreversible (e.g., an egg cooking). Salt dissolved in water and recovered through
evaporation may be cited as another example of a reversible process. Mixing baking
soda with vinegar produces irreversible change, marked by the carbon dioxide gas
bubbling up from the vinegar as the baking soda converts into soluble sodium ac-
etate and water.

STANDARD SET 2. Life Sciences

Students in grade one are ready to focus on the favorable
habitats (usually including air and soil), water, and energy
supply (sunlight or food) that living organisms need to
survive. Students will learn how plants and animals live in
different environments and will discuss the relationship
between structural form and function.

2. Plants and animals meet their needs in different ways. As a basis
for understanding this concept:
a. Students know different plants and animals inhabit different kinds of
environments and have external features that help them thrive in
different kinds of places.

Students learn about the types of organisms that live in different environments
and the ways in which they have adapted to their surroundings. Marine mammals
off the Pacific coast typically have thick, blubbery skin (e.g., whales) or thick fur
(e.g., sea otters) to withstand the cold water. Giraffes have long necks that help
them to reach leaves near the tops of trees and spot predators from great distances.
Those examples of adaptations are ones that students can readily discuss. Many

stories and videos about plants and animals can help students learn about life on
Earth.



2. b. Students know both plants and animals need water, animals need food,
and plants need light.

Learning what plants and animals need to survive is one of the foundations of
ecology. Both plants and animals need water and air. Both also need a source of
energy. Plants absorb sunlight, and animals eat food to meet their energy require-
ments. Plants and animals obtain what they need to survive through the environ-
mental adaptations described above.

If plants are kept in the classroom, students can learn about their needs by car-
ing for them. Students may enjoy field trips or walks in locations where shrubs and
grasses attract small animals (particularly birds, lizards, and insects). To supplement
those activities, the school library has many books with good stories about plants
and animals that live in a variety of environments.

2. c. Students know animals eat plants or other animals for food and may
also use plants or even other animals for shelter and nesting.

This standard introduces students to the fact that all living organisms in an
environment are interdependent. For example, some birds nest in shrubs and trees;
insects (such as fleas) may inhabit dogs, cats, and other mammals. Animals may
assist plant reproduction by spreading seeds.

Students can observe that insects eat the leaves of shrubs and grass and that this
activity will attract additional small animals, such as birds and lizards, which eat the
insects. Discussions of such observations introduce students to the idea of a food

chain. Teachers should point out to their students that people are at the top of the
food chain.

2.d. Students know how to infer what animals eat from the shape of their
teeth (e.g., sharp teeth: eats meat; flat teeth: eats plants).

This standard introduces the biological concepts of structural form and func-
tion, which are discussed extensively in later grades. A cat’s sharp, pointed teeth are
well suited for ripping and tearing the meat it eats, and the flat teeth of a cow are
well suited to chewing and grinding the tough grasses it consumes. Students can
study different specimens of teeth, including skeletal examples and fabricated mod-
els. They can find pictures of different kinds of teeth (carnivores and herbivores) in
library books. Students can examine their own teeth by using mirrors and observe,
record, and report to the class which teeth they use (front teeth or back teeth) when
eating different types of food. The relationship between teeth and the food that
animals eat may be taught during a field trip to the zoo or when a naturalist speaks
to the students.
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2. e. Students know roots are associated with the intake of water and soil
nutrients and green leaves are associated with making food from
sunlight.

This standard is complementary to Standard 2.d as it emphasizes the relation-
ship between plant structures and their functions. Students learn that roots take in
water and nutrients from the soil. Green leaves are the sites where photosynthesis
turns sunlight into food. If students have plants growing in the classroom, they
may observe and record how the plants respond to different growing conditions.
For example, a plant growing near a window may turn its leaves toward the light
source and change its direction of growth to improve its ability to make food.

STANDARD SET 3. Earth Sciences

Students learn that each season has its own predictable
range and trends of weather conditions. They also learn

how to use simple equipment to measure weather condi-
M tions. To be prepared for studies in subsequent grade lev-
els, students should learn that Earth receives energy from

sunlight and that the warming of Earth has a strong influence on the weather.

3. Weather can be observed, measured, and described. As a basis
for understanding this concept:
a. Students know how to use simple tools (e.g., thermometer, wind vane)
to measure weather conditions and record changes from day to day
and across the seasons.

Students learn how to use a thermometer and a wind vane to measure weather
conditions. They may also make a simple rain gauge to improve the quality and
detail of their weather observations, measurements, and records. In discussing their
findings, they have opportunities to improve their vocabulary and expressive lan-
guage. Students should have experience in recording day-to-day and seasonal
changes in weather, but teachers should limit the time spent on those activities. For
example, if students were to spend only ten minutes per day making measurements
and discussing trends in the weather, the instructional time dedicated to this activ-
ity would amount to 30 hours over the course of a school year.

3. b. Students know that the weather changes from day to day but that
trends in temperature or rain (or snow) tend to be predictable
during a season.

Teachers may wish to keep an eye on the weather report and allot instructional
time to record weather conditions during a week in which precipitation or high
winds are expected. They may also have students record data during a different
week in which the weather is expected to be relatively stable. In bringing students’



attention to those two differing sets of data, teachers may lead a spirited discussion.
Although it is difficult to predict the weather, teachers should not encourage unin-
formed guesses. Historical data on temperature, wind, and rainfall conditions are
typically collected for every city, often by stations located at airports. Those data
are freely available on the Internet and are a useful resource.

3. c. Students know the sun warms the land, air, and water.

Radiation from the Sun is ultimately responsible for atmospheric circulation
and the weather, a fact that is introduced in grade one and mastered in grade five.
Students in grade one may be made aware of the warming effect of the Sun’s rays
on their skin and may be shown that the air, land, and water are similarly warmed.
For example, students can see that on a sunny day the asphalt of their playground
is cool in the morning but hot by midday. On a cloudy day the asphalt may stay
cool all day.

{ STANDARD SET 4. Investigation
and Experimentation

Students continue to develop the ability to make quantita-
tive observations and comparisons by recording and using
numbers. Recording requires careful observing, compar-
ing, and establishing the order of objects and events. Not
to be overlooked is teaching students to revisit their observations. A revisit is best
done when students find that they have different descriptions of the same object or
event. Also important is the fact that an observation of change depends on having a
“fixed” reference point. An object is known to have moved only because its posi-
tion has changed in relation to a reference point.

4. Scientific progress is made by asking meaningful questions and con-
ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands,
students should develop their own questions and perform investiga-
tions. Students will:

a. Draw pictures that portray some features of the thing being described.

b. Record observations and data with pictures, numbers, or written
statements.

c. Record observations on a bar graph.

d. Describe the relative position of objects by using two references
(e.g., above and next to, below and left of).

e. Make new observations when discrepancies exist between two
descriptions of the same object or phenomenon.
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n the physical sciences students in grade two learn about forces (pushes and

pulls) and some common phenomena (such as gravity, magnetism, and

sound). In the life sciences they learn about the life cycles of animals and plants
and the basics of inheritance. Dogs always reproduce puppies, never kittens or ham-
sters; however, not all puppies look alike. There is both similarity within a species
and natural variation, some of which is caused by the environment. In the earth
sciences students learn that rocks are composed of different combinations of miner-
als, that smaller rocks and soil are made from the breakage and weathering of larger
rocks, and that soils also contain organic materials. Students are introduced to fos-
sils and the evidence they provide about Earth’s history.

The content standards for both science and mathematics specify writing; mea-
suring; simple graphing; and making drawings to record, organize, interpret,
and display data. Students practice measuring (with appropriate tools) length,
weight, temperature, and liquid volume, expressing those measurements in standard
metric system units. Students in grade two should learn to organize their observa-
tions into a chronological sequence and be able to follow oral instructions for an
investigation.

STANDARD SET I. Physical Sciences

The primary aim of the physical sciences standards for stu-
dents in grade two is to develop a foundation for the study
of motion and force that will be developed still further at
later grade levels. At a very basic level, students should
learn about the forces of gravity and magnetism and the
ability of vibrating objects to make sounds.

I. The motion of objects can be observed and measured. As a basis
for understanding this concept:

a. Students know the position of an object can be described by locating it
in relation to another object or to the background.

Students learn how to locate an object by measuring its distance and noting its
direction in relation to another object that serves as a reference point. It does not
matter what the reference object is as long as it is stationary. Distances are measured
by using metric system units (such as meters [m] and centimeters [cm]). Students
also learn to describe the position of an object by its location in relation to a pattern
in its background or to a very distant object.



I. b. Students know an object’s motion can be described by recording the
change in position of the object over time.

This standard helps to develop concepts of motion (such as speed, velocity, and
acceleration) that are formally taught in higher grades. Students in grade two may
simply observe and record the position of objects at intervals of time and note the
changes in speed and direction along the path the object travels. Some objects will
travel farther than others in a fixed time and therefore travel faster.

I. c. Students know the way to change how something is moving is by giving
it a push or a pull. The size of the change is related to the strength, or
the amount of force, of the push or pull.

Once set in motion, an object will move in a constant direction and at a con-
stant speed unless it is pushed or pulled. A ball at rest will remain at rest unless it is
given a push or a pull. Speeding up, slowing down, and changing direction all re-
quire a push or pull. The friction between surfaces that slows objects down may be
considered a pull. Pushes and pulls may be related to corresponding changes in the
position of an object and the speed or the direction in which it is traveling.

The term force is introduced into the vocabulary and will be used more formally
in later grade levels. Students in grade two learn to think about pushes and pulls as
forces and the strength of the push or pull as the strength or magnitude of the force.
When students kick or throw a ball, the effort they put into the action of kicking or
throwing is related to the force (push) that is applied to the object and therefore the
speed and distance it will travel. They will also understand that the bigger the
change in the object’s motion, the bigger the push or pull that is required.

I. d. Students know tools and machines are used to apply pushes and pulls
(forces) to make things move.

Students become acquainted with some of the methods by which tools and ma-
chines transmit or apply pushes and pulls in order to make things move. The blow
(push) of a hammer will move a nail into a piece of wood. A hit (push) by a baseball
bat will change the direction of motion of a pitched ball. A car’s engine applies a
force to turn its wheels, causing the car to move. Students are taught that machines
and tools allow people to apply and control forces, some of which may be much
greater than they themselves could create. In grade three students will learn that a
source of energy is needed for machines to do work and create the forces that move
heavy objects or move objects at great speeds.

I. e. Students know objects fall to the ground unless something holds
them up.

Gravity is a fundamental attracting or pulling force. A table, chair, shelf, or
bench can support an object by opposing this pull. From a student’s perspective an
object seems to push down on whatever supports it. By grade eight students will
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:::;’:iz:; learn the supporting object is also pushing back. Students in grade two should be

Content taught that all objects in the universe are pulled toward all other objects by a force

Standards for called gravity. Bigger, more massive objects pull more strongly than lighter ones.

_';L”rderg:"te" When a child drops a toy, the toy falls toward the ground instead of floating up

Gra::gﬁve because the force of Earth’s gravity pulls on the toy. (Of course, the gravity of the
toy pulls on Earth equally as well.) Earth’s gravitational force on an object is called
the object’s weight.

Grade Two

I.f. Students know magnets can be used to make some objects move
without being touched.

The poles of magnets either repel (push) or attract (pull) one another. The fact
that magnetic pushes and pulls happen at a distance without direct contact should
be carefully noted. Students may, for example, observe magnetic attraction and re-
pulsion being transmitted through materials such as paper or tabletops. This con-
cept will give students an understanding of force at a distance and of the ability to
apply pushes and pulls to objects without touching them.

Many activities may be done with magnets. Teachers are encouraged to have bar
and ring magnets with distinct north and south poles rather than refrigerator mag-
nets made of alternating poles. In this way students can discover the north-south
attraction and the north-north or south-south repulsion. Students may sprinkle iron
filings on a piece of paper and observe what happens to the pattern that the filings
make when a magnet moves under the paper. This experiment provides further evi-
dence that magnets do not have to touch materials to attract or repel them.

I. g. Students know sound is made by vibrating objects and can be
described by its pitch and volume.

The primary objective is for students to know that vibrations (back and forth
motions) produce sound. They should be able to describe both the pitch and vol-
ume of a sound and be able to distinguish between them. Teachers may allow stu-
dents to touch various vibrating, sound-producing objects (such as tuning forks,
drums, and stringed instruments) to demonstrate the relationship between an
object’s vibration and the sound it generates. Faster vibrations lead to higher pitches
of sound. Students may enjoy hearing the tones produced by different musical in-
struments as they identify the vibrating sources of those sounds.

STANDARD SET 2. Life Sciences

Students learn that plants and animals have life cycles that
are typical of their species. Students also begin to develop
simple notions of inherited characteristics, variation within
a species, and environmentally induced changes. Although
the concepts are discussed at a simple level in grade two,
they form a foundation for understanding the concepts of genetics, evolution, and
ecology in later grade levels.

.-_-—:-—-




2. Plants and animals have predictable life cycles. As a basis for
understanding this concept:

a. Students know that organisms reproduce offspring of their own kind
and that the offspring resemble their parents and one another.

At one level the characteristics of a species are generally consistent from genera-
tion to generation. Dogs always give birth to puppies, and oak trees always drop
acorns that grow into new oak trees. Offspring inherit genes from their biological
parents with the result that they resemble their parents and each other. However,
even among siblings, there is individual variation in both appearance and behavior.
Some individual variation is due to genes that are inherited from each parent, as
students will learn in later grade levels, and some is due to environmental influ-
ences.

2. b. Students know the sequential stages of life cycles are different for
different animals, such as butterflies, frogs, and mice.

The life cycles of some insects consist of egg, larval, pupal, and adult stages.
Many organisms undergo molting processes during the larval stage or the adult
stage. This phenomenon is typical of species that have tough external skeletons
(e.g., grasshoppers, crabs). Using mealworms (obtainable from many pet stores and
kept in plastic containers with bran meal) is a good way for students to watch the
life cycle of grain beetles over a period of a few weeks. The life cycles of those in-
sects can be slowed down by placing the containers in the refrigerator at night and
over weekends. Mealworms molt as they grow during their larval stages, and the
casings can be easily recovered for study. Frogs and many other amphibians also
undergo a type of metamorphosis, but those changes unfold gradually. Mammals
bear live young that resemble, to a great extent, their adult forms.

2. c. Students know many characteristics of an organism are inherited from
the parents. Some characteristics are caused or influenced by the
environment.

This standard refines the understanding of Standard 2.a and prepares students
for Standards 2.d and 2.e. As previously noted students must understand the con-
cept of inheritance. Many characteristics of an individual organism are defined by
the genes inherited from the biological parents. Other characteristics are strongly
influenced by the environment or may be caused entirely by the environment.

2. d. Students know there is variation among individuals of one kind within
a population.

Offspring may generally look like their parents and each other but may still vary
in such aspects as color, size, or behavior. Within a broader population the extent
of variation may be greater still. This standard should be discussed in the context of
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the previous standard as variation is a function of both genetics and environmental
influences.

2. e. Students know light, gravity, touch, or environmental stress can affect
the germination, growth, and development of plants.

It is relatively easy to change the appearance or growth patterns of plants by
changing the conditions of growth. Discussion of this standard can be tied to the
discussion of the previous two standards. Roots typically grow downward in re-
sponse to gravity. Stems and leaves grow upward or sideways to seek sunlight or an
artificial light source. Environmental stress resulting from inadequate light, lack of
nutrients, or the wrong amount of water impedes or halts the growth of plants.

Students may learn about plant germination and growth by planting seeds and
observing their development. The effects of environmental factors (e.g., the amount
of water and light, types of soil) can be readily studied. Students can make a root
change the direction of its growth by mounting the germinating seeds between wet
paper towels, placing the towels on a vertical sheet, and turning the sheet after sev-
eral days to make the root respond to the new perception of “down.” This experi-
ment is evidence that plant growth responds to the downward pull of gravity.
Students can also study how plants grow toward light over a period of weeks and
turn many of their leaves to face the sun over the course of a day. To observe the
effects of environmental stress, students can vary the light, temperature, soil compo-
sition, and amount of water that groups of the same kind of seed receive. Students
may have already studied and grown plants in grade one, so it is important that in
grade two they study plants at a deeper level.

2. f. Students know flowers and fruits are associated with reproduction
in plants.

Plant germination and reproduction are related to the structure and function of
seeds, flowers, and fruits. Although students may learn the idea entirely from stories
and discussions, students can also take apart some large flowers to learn about plant
reproductive structures. The use of magnifying glasses or simple microscopes will
assist with observations. Inside the seed coat is the new plant embryo surrounded
by food that is used during early growth and development. Students may find seeds
inside juice oranges and apples and inside pea pods and ears of corn. Some com-
mon garden plants have extremely poisonous parts; therefore, the teacher should
ensure that only safe plant materials are studied. Teachers should also be aware of
student allergies.



STANDARD SET 3. Earth Sciences

The focus of earth sciences in grade two is on the compo-
sition, processes, and materials of Earth’s crust. The term
weathering is introduced as a process that leads to breaking
rocks into smaller pieces. The interaction between the
atmosphere and the upper surface of Earth’s crust is the

o W

major source of weathering. Studying the relationship between weathering and soil
formation, students learn that soil has an important effect on the growth and sur-
vival of plants. They also learn how soil is formed and about its constituent prop-
erties.

The concept of geologic time and the study of fossils are introduced. Students
are asked to think abstractly about events that took place in Earth’s ancient, geo-
logic past. They will learn that Earth has not always looked the same as it does
today. Teachers should present some of the evidence (particularly from fossils) that
scientists use to “observe” what Earth was like in the geologic past. Students should
be able to discuss and identify the origin of things they use in their everyday lives.
Natural resources include rocks, minerals, water, plants, and soil. Understanding
those ideas serves as a foundation for the study of earth sciences in later grade levels
when students learn more about natural resources, including the identification of
conservation techniques.

3. Earth is made of materials that have distinct properties and pro-
vide resources for human activities. As the basis for understanding
this concept:

a. Students know how to compare the physical properties of different
kinds of rocks and know that rock is composed of different combina-
tions of minerals.

Students should know the physical properties (e.g., hardness, color, and luster)
of a few of the most common minerals and be able to compare them. Students can
compare rocks that are about the same size (volume) and note that some are
heavier than others. They can also compare a few of the most common rocks. Stu-
dents should conclude that rocks are composed of different combinations of min-
erals. They should know some simple techniques for making comparisons. It may
be helpful to provide students with a set of common rocks formed from minerals
(e.g., quartz, feldspar, mica, hornblende). Coarse-grained rocks (e.g., granite, gab-
bro, diorite) allow students to see individual mineral grains. The use of magnifying
glasses or simple microscopes can help students to sort and classify the rocks ac-
cording to their constituent minerals.
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3. b. Students know smaller rocks come from the breakage and weathering
of larger rocks.

Through the process of weathering (interaction between the atmosphere and
Earth’s surface), large rocks break down into smaller rocks. Rocks and minerals
reduced by weathering to a very small size eventually turn into soil. Weathering
may be a physical or chemical process. Physical weathering occurs when big rocks
break down from the repeated freezing and thawing of water in cracks or when
rocks are wedged apart by root growth. Rocks may also be chemically weathered
through reactions with constituents of the atmosphere.

3. c. Students know that soil is made partly from weathered rock and
partly from organic materials and that soils differ in their color,
texture, capacity to retain water, and ability to support the growth
of many kinds of plants.

This standard looks at soil as a whole and calls upon students to examine or-
ganic soil constituents in addition to weathered rock. Various combinations of
weathered rock and organic material are reflected in soil properties, such as color,
texture, capacity to retain water, and fertility. Organic materials, such as rotting,
dead leaves and twigs as well as animal remains, add to the results of weathering.
Burrowing mammals, such as gophers, and worm activity are responsible for mix-
ing the soil. The types of both weathered material and organic remains that are
mixed together and the proportions of the mixed constituents affect the properties
of the soil. Dark soils often contain organic material, and red soils often derive
from rocks and minerals rich in iron. Soil fertility depends more on the organic
material than on the weathered rock contained in the soil. Decaying organic mate-
rials act to hold moisture in a spongelike manner and return nutrients to the soil.

3. d. Students know that fossils provide evidence about the plants and
animals that lived long ago and that scientists learn about the past
history of Earth by studying fossils.

A fossil is a physical record of life that lived in the geologic past. The study of
fossils provides an opportunity for students to investigate plants and animals that
lived long ago. Scientists compare plant impressions and the footprints and skel-
etons of dinosaurs to the characteristics of modern plants and animals. This study
yields clues about the environments in which ancient organisms once lived. Geolo-
gists apply the concept of uniformitarianism as they try to reconstruct ancient geo-
logic environments. The present is a key to the past if one assumes slow, uniform,
and sequential changes have led to present conditions.

Teachers may be able to obtain a small collection of fossils or manufactured
copies of fossils from local libraries, museums, science centers, or universities and
supplement the collection with pictures of fossils found in books. By using fossils
or pictures of fossils, students can try to reconstruct what animals and plants might



have looked like when alive. For example, fossil leaves are often black, but were
they black when they were alive? Students may report their results orally or in writ-
ten form, presenting their drawings as support for their conclusions.

3. e. Students know rock, water, plants, and soil provide many resources,
including food, fuel, and building materials, that humans use.

Resources to meet many human needs, such as food, clothing, fuel, and shelter,
originate from rocks, water, plants, and soil. Students should understand the rela-
tionship between manufactured materials and the natural resources from which
they originate. For example, humans use the same weathered rocks that serve as a
source material for soil as a resource for manufacturing building materials. Soil sup-
ports plant growth, and plants supply food for humans and for some of the animals
that humans eat. Plants also supply fuel and building materials. Students should be
able to name and identify the origin of the resources of some of the things they use
as food, clothing, and shelter.

- "\ STANDARD SET 4. Investigation

and Experimentation

The power of science is its ability to predict what will hap-
pen on the basis of concepts, principles, and theories re-
lated to the natural world. In grade two students can

observe patterns associated with changes in objects and
events. Under similar conditions students can use these patterns to make simple
predictions. Teachers should not confuse predictions with hypotheses, which will
be introduced in grade six. Measurements in science are always associated with
units, and this idea is an important lesson for students to learn as they measure and
record. Students should learn to measure length in meters and centimeters, weight
(mass) in grams and kilograms, volume in liters and milliliters, and temperature in
degrees Celsius. Students should also learn that scientists use tools to extend their
powers of observation. Simple magnifiers and microscopes can be used to reveal
exciting and sometimes surprising microstructures and properties of common ob-
jects, such as sand and cloth. Making careful sketches of what is observed under the
magnifier is an important method by which students can communicate their obser-
vations.

4. Scientific progress is made by asking meaningful questions and
conducting careful investigations. As a basis for understanding this
concept and addressing the content in the other three strands, stu-
dents should develop their own questions and perform investiga-
tions. Students will:

a. Make predictions based on observed patterns and not random
guessing.

43

Chapter 3
The Science
Content
Standards for
Kindergarten
Through
Grade Five

Grade Two



44

Chapter 3
The Science
Content
Standards for
Kindergarten
Through
Grade Five

Grade Two

Measure length, weight, temperature, and liquid volume with appropri-
ate tools and express those measurements in standard metric system
units.

Compare and sort common objects according to two or more physical
attributes (e.g., color, shape, texture, size, weight).

Write or draw descriptions of a sequence of steps, events, and obser-
vations.

Construct bar graphs to record data, using appropriately labeled axes.

Use magnifiers or microscopes to observe and draw descriptions of
small objects or small features of objects.

Follow oral instructions for a scientific investigation.



_ Science Content Standards

tudents in grade three are introduced to some of the most fundamental pat-

terns in nature and should be taught that science makes the world under-

standable. For example, by observing that the stars appear fixed in relation
to one another, one can identify five planets in motion against the starry back-
ground. Students in grade three begin to build a foundation for understanding the
structure of matter and forces of interaction. They will study the properties of light
and gain an appreciation for how light affects the perception of direction, shadow,
and color. Students in grade three will also extend their knowledge of ecology by
learning about different environments, such as oceans, deserts, tundra, forests,
grasslands, and wetlands, and the types of organisms adapted to live in each.

The curriculum and instruction offered in grade three enable students to read
materials independently with literal and inferential comprehension and to support
answers to questions about the material by drawing on background knowledge and
details from the text. Instruction in information literacy that incorporates library
resources will help students become skilled in locating information in texts by us-
ing titles, tables of contents, chapter headings, glossaries, and indexes. The science
standards complement the mathematics standards by asking students to predict
future events on the basis of observed patterns and not by random guessing,.

e~ STANDARD SET I. Physical Sciences
- (Energy and Matter)

-

IPHE

The discussion of energy and matter in grade three is at a
simple level, but it sets a foundation for further study in
m later grade levels. Students learn that energy may be stored
in various ways and that both living organisms and ma-
chines convert stored energy into heat and motion. Matter
will also be studied in more detail than at the previous grade levels. Atoms will be
introduced as the smallest component of the elements that compose all matter.
Students will learn that there are different kinds of atoms and that their names and
symbols are displayed on the periodic table of the elements. This standard set will
prepare the students for a more detailed treatment of the properties of the elements
and their combinations in grade five.

I. Energy and matter have multiple forms and can be changed from
one form to another. As a basis for understanding this concept:

a. Students know energy comes from the Sun to Earth in the form of light.

Energy is a physical attribute capable of causing changes in material objects.
This concept is one of the more important ones in science. At a simple level, and
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certainly for the treatment of the subject in grade three, energy is the ability to do
work; to make things move, stretch, or grow; or to cause physical and chemical
changes. Throughout the study of science, many more forms of energy and their
effects will become evident. Students in grade three should understand that Earth’s
major source of energy is the Sun and that the Sun’s energy is seen as light and felt
as heat. It is important for students to realize that although light and heat are not
exactly the same, both are forms of energy.

I. b. Students know sources of stored energy take many forms, such as
food, fuel, and batteries.

Students should understand that the energy stored in food, fuel, and batteries
can be released to create useful motion, light, and heat. For example, students may
study the components of a flashlight and leave it on until the light goes out to em-
phasize that batteries store a limited amount of energy. Matches and candles are
cold before lighting; but when burned, their stored energy is released in the form of
light and heat. Students should be taught that they eat food in order to use its
stored energy to make it possible for them to grow, maintain their warm body tem-
perature, and be able to work and play. Teachers should note that all those forms of
stored energy are contained in chemical substances and released through chemical
changes.

l. c. Students know machines and living things convert stored energy to
motion and heat.

This standard expands concepts introduced in earlier grades. The way in which
machines and living things take different sources of energy and produce useful heat
and motion should be examined in greater detail. An automobile engine releases
the chemical energy stored in gasoline (and air) and uses it to turn the wheels and
move the vehicle. Some students may be familiar with wind-up toys and will be
able to understand that the potential energy stored in springs is used to turn the
gears that activate the toy. Similarly, the energy stored in natural gas is converted to
heat in a gas stove, oven, or furnace. Students learn that food is broken down into
smaller components; some components are carried to the muscles, where the energy
stored is released as movement and as heat, keeping the human body warm.

I. d. Students know energy can be carried from one place to another by
waves, such as water waves and sound waves, by electric current,
and by moving objects.

Energy movement or transfer should be discussed in terms of moving objects
(e.g., thrown balls), waves (e.g., light, sound, seismic or earthquake waves, and
ocean waves), and electricity (charges passing through a wire). The key point in this



standard is that energy is carried in those forms and transferred from one place to
another. Simple toys that demonstrate transfer of motion to another object are
good examples of this principle and form the foundation for understanding the
conservation of energy. Energy of motion is transferred into heat through friction
(such as when students rub their hands together rapidly and feel the heat generated
by the rubbing motion).

Students can also study how waves transfer energy from one place to another
through a medium (water or air), with no net motion or flow of matter. Students
can demonstrate this principle by creating waves in a tub of water that contains
materials (e.g., cork stoppers or small balls) floating on the water. Energy is re-
quired to start the wave at one end and is then transferred to the objects in the wa-
ter, generating a bobbing motion. The students should note that this action can be
accomplished without any net transfer of water from one end to the other. They
should observe that waves make floating objects bob up and down and back and
forth, but the objects stay in essentially the same position as they were in before the
waves were generated.

Sound is made by vibrating objects and is carried in compression waves
through the air. Sound can create vibrations in a distant second object (such as an
eardrum) without direct physical contact between the two objects.

The evidence for electrical energy transfer surrounds students in their everyday
lives. Electrical energy comes from power plants that may use fossil fuels, water,
wind, or nuclear power. The key idea is that electrical energy has a source, is car-
ried in wires as electricity, and is converted to more easily recognized forms of en-
ergy (such as heat, light, and motion).

l. e. Students know matter has three forms: solid, liquid, and gas.

Students in grade three must understand that matter is a substance that occu-
pies space and may assume the form of a solid, liquid, or gas. Students should view
pictures and read articles about lava and molten steel to make the point that most
substances can turn to liquid when heated to a high enough temperature. Likewise,
a gas can turn to a solid if sufficiently cooled. For example, carbon dioxide, a gas at
room temperature, can be frozen into dry ice.

I.f. Students know evaporation and melting are changes that occur when
the objects are heated.

This standard is an extension of what students will have learned about water in
kindergarten and grade one. New to them is the generalization that melting and
evaporation are processes that may occur when substances other than water are
heated. Books and videos from the school library that show the process of making
iron and steel may be helpful in providing instruction on this standard.
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I. g. Students know that when two or more substances are combined, a
new substance may be formed with properties that are different
from those of the original materials.

This standard introduces the idea that pure substances have a fundamental
character that is necessary in order to distinguish chemical changes from physical
changes. Students are asked to build on some concepts that were introduced in
earlier grades concerning changes in state and properties that may occur when two
substances are mixed and react. Some students may begin to realize that there is a
difference between mixtures and pure substances. The focus is on the new and dif-
ferent properties that are formed when two or more substances are mixed. The
chemical reaction that occurs between baking soda and vinegar, producing carbon
dioxide (and sodium acetate and water), is one of several simple reactions that may
be used to illustrate this difference. Teachers can also use the burning of a candle to
demonstrate this concept. The products with very different properties are the car-
bon dioxide gas and the soot produced and the heat and light released. Water va-
por, also formed by burning a candle, may be observed as condensation on a cool

object held above the candle.

I. h. Students know all matter is made of small particles called atoms,
too small to see with the naked eye.

The important idea to convey is that all familiar substances are made of azoms,
the term for the smallest particles of matter that retain the properties of the ele-
ments. To understand atoms, students must first be introduced to the idea that
matter is the general name given to anything that has mass and occupies space.
They should then be taught that matter comprises all solids, liquids, and even in-
visible gases. Just as a brick wall consists of many individual bricks, all matter con-
sists of smaller bits that combine to make up what is seen. Students can discover
this principle by looking through an inexpensive 30-power (30x) microscope to
discover that the apparently solid colors on the cover of magazines actually consist
of repeated patterns of colored dots.

Atoms are so tiny that detection requires techniques that go beyond the power
of conventional microscopes. The following imaginary experiment may be helpful
in understanding the basic concept of the atom. If a student were to take an object
made of a pure element, such as a piece of aluminum foil, and cut it in half, both
halves are still aluminum. If each of these pieces is then cut in half a second, third,
fourth, and fifth time, the pieces become progressively smaller but are still alumi-
num. Is it possible to keep cutting the pieces in half forever and still have a piece of
aluminum? How small must a piece be so that at the next cut it will no longer be
aluminum? In pondering this question, early philosophers concluded that there
must be a very small but indivisible piece of matter that still has the properties of
aluminum or any other element. They named these smallest pieces azoms.



l.i. Students know people once thought that earth, wind, fire, and water
were the basic elements that made up all matter. Science experi-
ments show that there are more than 100 different types of atoms,
which are presented on the periodic table of the elements.

In ancient times people believed that everything was made of combinations of
just four elements: earth, air, fire, and water. This belief is understandable when
one observes a log burn to become ash, fire, and hot gases, some of which condense
into water. The Greeks, however, conjectured that matter is made of tiny particles.
Today this belief is known to be true, and those particles are called azoms. More
than 100 different types of elements are displayed on the periodic table of the ele-
ments. Students in grade three should know a chart exists that displays the names
and symbols of known elements and other information.

The names of elements may fascinate students. Many elements may be familiar
to the students (e.g., gold, silver, copper, iron, oxygen), but some will not be famil-
iar. Students may enjoy finding names of familiar elements on the table. The cus-
tom of science is that discoverers have the right to name their elements. Some
elements, such as einsteinium and seaborgium, are named after famous scientists
(Albert Einstein and Glenn Seaborg) whose personal lives are the basis of interest-
ing stories. Students may be fascinated to learn that one element is named cali-
fornium and one is named for the city of Berkeley: berkelium. An important
concept for students to know is that any substance not listed on the periodic table
comprises a combination of different types of atoms (elements) that are listed. Liv-
ing organisms, for example, are mostly made up of carbon, oxygen, nitrogen, and
hydrogen atoms.

STANDARD SET 2. Physical Sciences (Light)

Light, like heat, is a form of energy. Standard Set 2 calls for
students to know some of the properties of light but does
not require them to understand light as energy in a wave-
form. They should know that light travels in a straight line
away from its source and that the color of an object is af-
fected by the color of light that strikes it.

2. Light has a source and travels in a direction. As a basis for
understanding this concept:

a. Students know sunlight can be blocked to create shadows.

Teachers may draw an analogy between an opaque object casting a shadow in
sunlight and the dry place created when an umbrella blocks the fall of raindrops.
The energy of sunlight is absorbed by the opaque object and is prevented from
passing through to the ground. Students should be encouraged to experiment with
shadows and to think about the source and direction of the light. They can cut
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cardboard into different shapes, compare the size and shape of the cardboard with
the size and shape of its shadow, and notice whether the edges of the shadows are
sharp or fuzzy.

2. b. Students know light is reflected from mirrors and other surfaces.

Light reflected from a mirror or other surface changes direction by reflection
and then continues to travel in a straight line. To demonstrate reflection and note
the path of a reflected beam of light, the teacher or a group of students can use
chalk dust or a water mist to help trace the path of the light beam in a darkened
room.

2. c. Students know the color of light striking an object affects the way the
object is seen.

Two factors determine the color of an object: the color of the light illuminating
the object and the interaction of the light with the object; for example, which colors
are absorbed and which are reflected. Students can see this principle for themselves
by being asked to describe an object’s color viewed under lights of different colors.
Because sunlight contains all the colors of the rainbow, light sources of different
colors can be created by passing sunlight through colored cellophane. This principle
can also be demonstrated by using colored light bulbs. To explore the principle in
the standard, students may observe that a white object will be seen as the color of
the light that illuminates it. For example, if a white piece of paper is seen under red

lights, it appears to be a red piece of paper.

2. d. Students know an object is seen when light traveling from the object
enters the eye.

Light is a form of energy to which the eye is sensitive. An object can be seen
because the light that travels from the object enters and interacts with the eye. If
opaque material comes between the eye and an object being viewed, the opaque
material blocks the light and the object disappears from view, demonstrating that
light travels in a straight line.

STANDARD SET 3. Life Sciences

The life sciences standards in grade three continue to de-
velop students’ concepts of ecology and evolution by relat-
ing adaptation to the survival and fitness of the organism.
Although natural selection is not formally discussed at this
grade level, the foundation is set for teaching that principle
in later grade levels. A significant effort is made to enhance students’ knowledge of
the types of plants and animals in different environments as this understanding be-
comes an important base of knowledge. These standards challenge students to con-
sider the effects of environmental changes on organisms. The concept of extinction




is introduced, and organisms in the fossil record are compared to contemporary
organisms.

3. Adaptations in physical structure or behavior may improve an
organism’s chance for survival. As a basis for understanding this
concept:

a. Students know plants and animals have structures that serve different
functions in growth, survival, and reproduction.

Students have learned about the roots and leaves of plants in grade one and the
functions of flowers and fruit in grade two. Many other external structures of plants
and animals (e.g., cactus thorn, porcupine quill, crab shell, bear claw, and kangaroo
pouch) serve important functions, and students in grade three will recognize many
common examples through reading and observing examples from nature. This
standard can be taught in the context of the one that follows and can serve as the
basis for extended study and discussion.

3. b. Students know examples of diverse life forms in different environ-
ments, such as oceans, deserts, tundra, forests, grasslands, and
wetlands.

The organisms that live in oceans, deserts, tundras, forests, grasslands, and wet-
lands are different from one another because their environments are different. For
example, animals with thick fur are able to survive a cold habitat. Gills allow fish to
obtain oxygen from water, whereas lungs allow mammals to obtain oxygen from
the atmosphere. Desert plants and animals have adapted by conserving the small
amount of water they require. The thick, waxy leaves of some plants prevent water
loss. Many desert animals are nocturnal and search for food during the cool of
night.

Students should be taught about Earth’s different habitats or biomes and be able
to describe the characteristics of some of the plants and animals living in each. Stu-
dents should be encouraged to locate information in nonfiction books and other
library resources and be able to describe how living organisms are adapted for sur-
vival in their particular biome.

3. c. Students know living things cause changes in the environment in which
they live: some of these changes are detrimental to the organism or
other organisms, and some are beneficial.

Living organisms, including humans, inevitably cause changes (some minor
and some major) in the environment as the organisms compete for food, shelter,
light, and water. Those changes are different from external changes, such as a fire
started by lightning or flooding related to excessive rainfall. When some organisms
become more or less successful in their quest for survival, the environmental bal-
ance changes and so does the environment. For example, beavers build dams that
block streams, forming small lakes in which they can then reside. This activity is
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beneficial to plants and animals that prefer to live in still water, but it is detrimental
to plants and animals that are used to living in an open stream. It is also detrimen-
tal to large trees as they are cut and become material for the beaver. Trees affect the
environment by blocking the sunlight; consequently, the felling of a large tree by a
beaver may benefit smaller plants and shrubs that can now grow in its place. These
examples are some of the types of environmental relationships studied by ecologists.

3. d. Students know when the environment changes, some plants and
animals survive and reproduce; others die or move to new locations.

Many plants and animals have specialized structures that allow them to survive
and reproduce in the environment in which they live. Consequently, they may be
adversely affected by environmental changes. For example, many plants and ani-
mals not suited to desert conditions will die if their environment becomes dry and
desertlike for an extended period of time. Plants and animals establish a balance
with one another in their shared environment. Consequently, environmental
changes that affect one or more plants or animals in a given biome may eventually
affect all living organisms in that biome. Animals may move, and seeds may be
blown or carried to new, more favorable locations.

3. e. Students know that some kinds of organisms that once lived on Earth
have completely disappeared and that some of those resembled oth-
ers that are alive today.

When an environment changes more quickly than a species of animal or plant
can adapt, that species may become extinct. Fossils provide numerous examples of
extinct plants and animals. By studying the characteristics of fossils, students can
see that some extinct animals resemble animals that are alive today and that others
are quite different.

Students can relate modern animal remains to the environments from which
they came and then they can apply the same types of observations and reasoning to
determine the kind of environment that may have supported the fossilized animals
and plants.

STANDARD SET 4. Earth Sciences

Earth sciences standards in grade three center on the con-
cept that objects in the sky move in regular and predictable
patterns. It is important that students know and are famil-
iar with the patterns and movements of the Sun, Moon,

and stars, both as those bodies actually move and as they
appear to move when viewed from Earth. Seasonal changes correlate with changes
in both the amount of daily sunlight and the position of the Sun in the sky. Sea-
sonal changes are caused by the tilt of Earth’s axis of rotation and the position of
Earth relative to the Sun. Students will also learn about the relationships between



the phases of the Moon and the changes in the positions of the Sun and Moon.
Using models and telescopes may help students grasp the concepts presented in the
standards.

4. Objects in the sky move in regular and predictable patterns. As a
basis for understanding this concept:
a. Students know the patterns of stars stay the same, although they appear

to move across the sky nightly, and different stars can be seen in differ-
ent seasons.

The relative position of stars with respect to each other in the night sky is fixed.
The apparent motion of the stars through the night sky is a function of Earth turn-
ing on its own axis. Starlike objects do move across the fixed pattern of stars in the
night sky, but those “stars” are really planets. Stars appear stationary relative to one
another because they are far outside the solar system. The positions of stars appear
to change each season from a particular point of view on Earth because that point
will face progressively different parts of the universe at night. The stars that are
visible in the summer nighttime sky would be visible in the winter daytime sky if
they were bright enough to outshine the Sun.

4. b. Students know the way in which the Moon’s appearance changes dur-
ing the four-week lunar cycle.

Students should be taught to observe the phases of the Moon; recognize the
pattern of changes; and know such terms as the full, quarter, waxing, waning, and
crescent Moon. The reason for this pattern of changes may then be explored.

One side of the Moon is always in sunlight (except in the case of an eclipse).
How much of the sunlit surface of the Moon will be visible from Earth depends on
the relative positions of Earth, the Moon, and the Sun. Earth and the Moon con-
tinuously cycle through changes in their positions relative to the Sun; therefore, the
Moon will go through phases from “new” to “full” depending on how much of its
lighted surface is visible from Earth.

Models may help in the teaching of the standard. Students may be shown the
rotation of Earth on its axis; how the day and night cycle works; and why the
Moon, like the Sun, appears to rise and set. Students may also be shown Earth’s
position relative to the Sun, the Moon’s position relative to Earth, and how Earth
orbits the Sun once a year. Students can observe the actual position changes in the
Moon and in the background star patterns at the same time each night, continuing
their observations long enough to include a full lunar cycle. They can be shown
how the motion of the Moon around Earth accounts for those observations.
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* Under resolutions
passed by the Inter-
national Astronomi-
cal Union on August
26, 2006, there are
eight planets. Pluto
no longer meets the
definition of a
“planet” but is now
classified under a
new distinct class of
objects called
“dwarf planets.”

4. c. Students know telescopes magnify the appearance of some distant
objects in the sky, including the Moon and the planets. The number of
stars that can be seen through telescopes is dramatically greater than
the number that can be seen by the unaided eye.

Students are often startled the first time they look at details of the Moon
through a telescope or even through high-quality binoculars. They quickly come to
appreciate how those instruments facilitate the study of very distant objects. With
the help of a telescope or very high-powered binoculars, students can see the rings
of Saturn and some of the details of other planets. Students must never be permit-
ted to look directly or stare at the Sun with the naked eye through binoculars, tele-
scopes, or any other optical instruments. There are many pictures taken by powerful
telescopes of planets, stars, and galaxies that students should have the opportunity
to study in books.

4. d. Students know that Earth is one of several planets that orbit the Sun
and that the Moon orbits Earth.

The patterns of the stars stay the same relative to one another although they
appear to move because of the rotation of Earth. Several starlike objects move across
the sky’s star patterns. They are planets that shine by light reflected from the Sun.
Five planets can be seen without the aid of a telescope: Mercury, Venus, Mars, Jupi-
ter, and Saturn. Three can be seen only with the aid of a telescope: Uranus, Nep-
tune, and Pluto. Earth is also a planet and moves about the Sun in a path (orbir)
that is similar to that of the other planets. Nine planets are in the solar system.* The
Moon orbits Earth. Because Earth itself is a planet, measuring the orbits of other
planets is a complex process. The process is so complex that scientists took a long
time to figure out the different spatial relationships between the Moon, Earth, other
planets, and the Sun.

4. e. Students know the position of the Sun in the sky changes during the
course of the day and from season to season.

During a single day the rotation of Earth causes the position of the Sun to
change on the horizon. It may be helpful for students to keep track of the Sun’s
position and watch how shadows lengthen rapidly as sunset approaches. From sea-
son to season the length of day and the angle of the Sun vary. Students should
know that they live in the Northern Hemisphere, where the Sun at noon is lower
and to the south in the sky in the winter and more directly overhead in the summer.
Shorter or longer days and more or less direct sunlight characterize the seasons. The
angle of the Sun in the sky at noon and the length of the day vary throughout the
year because Earth’s axis is tilted in comparison to the plane of its orbit.



STANDARD SET 5. Investigation
and Experimentation

Children should be taught to make careful measurements,
but they also need to learn that some errors in measure-
ment are unavoidable. Sometimes errors arise through
carelessness, misuse of measurement instruments, or re-
cording mistakes. These human errors can be minimized by instruction and prac-
tice in measuring carefully and properly and by double (or triple) checking of
measurements. Even then errors may be introduced because of limitations in the
precision of the instruments used to make the measurements. Students should be
taught how to make the most precise measurements possible with the tools avail-
able. They should also repeat their measurements several times. Sometimes they
will obtain results that are different each time. If those differences are significant,
students should examine their measurement methods to see whether an obvious
error occurred.

Students can begin to make predictions based on observations, prior knowl-
edge, and logic. Predictions should not be confused with random guesses. Students
should know that their predictions must be verified by experiments and the analy-
sis of data gathered from careful measurements.

5. Scientific progress is made by asking meaningful questions and con-
ducting careful investigations. As a basis for understanding this con-
cept and addressing the content in the other three strands,
students should develop their own questions and perform investiga-
tions. Students will:

a. Repeat observations to improve accuracy and know that the results of
similar scientific investigations seldom turn out exactly the same be-
cause of differences in the things being investigated, methods being
used, or uncertainty in the observation.

b. Differentiate evidence from opinion and know that scientists do not
rely on claims or conclusions unless they are backed by observations
that can be confirmed.

c. Use numerical data in describing and comparing objects, events, and
measurements.

d. Predict the outcome of a simple investigation and compare the result
with the prediction.

e. Collect data in an investigation and analyze those data to develop a
logical conclusion.
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tudents in grade four will learn to design and build simple electrical circuits

and experiment with components such as wires, batteries, and bulbs. They

will learn how to make a simple electromagnet and how electromagnets work
in simple devices. They will observe that electrically charged objects may either
attract or repel one another and that electrical energy can be converted into heat,
light, and motion. Students in grade four expand their knowledge of food chains
and food webs to include not only the producers and consumers they have previ-
ously discussed but also the decomposers of plant and animal remains, such as in-
sects, fungi, and bacteria. They will also learn about other ecological relationships,
such as animals using plants for shelter or nesting and plants using animals for pol-
lination and seed dispersal. Students in grade four study rocks, minerals, and the
processes of erosion. They also study the processes of weathering and erosion as a
way of leading into the study of the formation of sedimentary rocks.

Students in grade four learn to formulate and justify predictions based on
cause-and-effect relationships, differentiate observation from inference, and con-
duct multiple trials to test their predictions. In collecting data during investigative
activities, they learn to follow a written set of instructions and continue to build
their skills in expressing measurements in metric system units. They will analyze
problems by identifying relationships, distinguishing relevant from irrelevant infor-
mation, sequencing and prioritizing information, and observing patterns, all of
which support the Mathematics Content Standards.” They should conduct scientific
investigations and communicate their findings in writing.

STANDARD SET |I. Physical Sciences

Students entering grade four have already had some expo-
sure to the subjects of electricity and magnetism, but these
standards are a systematic effort to develop the principles
of each and show how they are interrelated. The standards
in grade four provide a simple understanding of electricity
and magnetism and some applications in everyday life; they help to develop a foun-
dation for further learning in high school.

I. Electricity and magnetism are related effects that have many useful
applications in everyday life. As a basis for understanding this
concept:

a. Students know how to design and build simple series and parallel circuits
by using components such as wires, batteries, and bulbs.

Students should design and build series and parallel circuits with wires, batter-
ies, and bulbs. Many science books describe simple experiments for constructing



series and parallel circuits. In series circuits one wire loop connects all the compo-
nents, so current flows sequentially through the components in the one loop. In
parallel circuits several loops of wires connect the components. A simple series cir-
cuit consists of two or three light bulbs wired together with a battery in a single
loop. If the filament of one bulb breaks (or one bulb is removed from its socket),
the single-circuit loop is broken and all the lights go out. Teachers may make a par-
allel circuit by extending two wires, parallel to each other, from the poles of a bat-
tery. Then they connect two or three bulbs, individually, across the parallel wires. If
one of the bulb filaments is broken, the other bulbs still remain lit.

The series circuit is like a circular road that has no intersection; a series circuit
has only a single path, and all components must carry the same current. The
amount of current that can flow through a circuit depends on resistance. The lower
the circuit’s resistance, the higher the current that can flow through it. Overall resis-
tance in a series circuit is the sum of the resistances of its individual components. In
parallel circuits there are intersections and alternate pathways for the current, and
each pathway may have different components on it. These alternate pathways split
the current between them, depending on their electrical resistance (again, lower
resistance along a pathway allows higher current). An alternate pathway with ex-
tremely low resistance, such as a wire with no components on it, is sometimes called
a short circuit. Short circuits can prevent the rest of the circuit from operating prop-
erly and be dangerous because the short-circuiting wire may become very hot.

I. b. Students know how to build a simple compass and use it to detect
magnetic effects, including Earth’s magnetic field.

Students should know that all magnets have two poles: north and south. They
should have already experienced the attraction of the north and south poles and the
repulsion of north-to-north and south-to-south in their science studies in grade
two. They should have noted that the repulsion or attraction is stronger when the
poles are close and weaker when the poles are further from each other. Any magnet
suspended so that it can turn freely will align with Earth’s magnetic field, provided
that the attraction is not overwhelmed by a stronger local field. A compass needle
will detect and respond to the presence of magnets.

Students can build a simple compass by rubbing a craft needle (blunt-tip) on a
strong permanent magnet to magnetize it. (Caution: Students should be closely
supervised to avoid injury.) The magnetized needle may then be placed on a piece
of cork or sponge floating in a small bowl of water. The same effect may be ob-
served by using a small (one centimeter long) bar magnet resting on a floating piece
of cork. The magnet or needle will float around until one end points generally to-
ward Earth’s magnetic north pole (which is slightly off from true north). The north
end (pole) of a magnet refers to its attraction to Earth’s magnetic north pole. Ring
magnets may be suspended from a thread, and the axis of the hole in the magnet
will also point north and south. If the students use a commercial compass, they can
confirm the orientation of their experimental compass. When working with com-
passes, teachers need to check that a set of compasses all point in the same direction.
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Large amounts of steel (such as the supporting beams of modern buildings) and
operating electronic devices (such as television sets and computers) may distort the
effects of Earth’s magnetic field and cause an inaccurate compass reading.

l. c. Students know electric currents produce magnetic fields and know
how to build a simple electromagnet.

Once students understand that electric currents produce magnetic fields, they
can apply this knowledge to the construction of a simple electromagnet made by
wrapping a half-meter length of insulated wire around a large iron nail or iron rod
and connecting the ends of the wire to a battery. When an electric current from the
battery flows through the wire, the iron bar is magnetized. Students can use a com-
pass to prove that, like permanent magnets, their electromagnet has two poles. If
the orientation of the battery is reversed, the poles of the magnet are reversed so
that south becomes north and north becomes south. Students in grade four are un-
likely to have sufficient knowledge to predict that this would happen, but in high
school they will have an opportunity to understand the principles at a much deeper
level.

I. d. Students know the role of electromagnets in the construction of elec-
tric motors, electric generators, and simple devices, such as doorbells
and earphones.

This standard builds on the previous one by challenging students to become
aware of the role of electromagnets in their surroundings at home and at school.
They learn that electromagnets are important in the function of electric motors,
generators, doorbells, and earphones. Electromagnets may be thought of as magnets
that can be turned on and off. When an electromagnet is switched on, an adjacent
iron magnet can be made to move; this type of electrically induced movement can
be harnessed (e.g., to ring doorbells or vibrate a speaker element in a pair of head-
phones). Simple schemes for constructing the equivalent of a doorbell or an electric
motor may be found in textbooks. Constructing such a device helps students realize
that they are using the interaction of two magnetic fields: one from a coil (an elec-
tromagnet) and the other from a permanent magnet (or, in some schemes, another
electromagnet).

One way to understand a motor is that the alternating attraction and repulsion
of the two magnetic fields converts electrical energy into the energy of motion. In
high school, students will learn that charges (electrons) flowing in wires that cross
magnetic fields experience a force that explains the rotation in the motor. An elec-
tric generator acts like an electric motor operating in reverse to change the energy
of motion into electrical energy.

To go further in understanding the workings of home appliances, students may
consult books or multimedia references on how things work. Students should be
warned not to dismantle electrical appliances at home. Note: Dismantling electrical
devices to determine how they work may be dangerous because some devices can
hold lethal charges for days or weeks.



l. e. Students know electrically charged objects attract or repel each other.

After scuffing their feet on a carpet on a dry day, students may have had the
experience of “getting a shock” from touching a grounded object or another per-
son. This experience is an example of static electricizy, which is associated with the
gain or loss of negative electric charges (electrons). The shock a student receives in
the foregoing example is associated with equalizing the charges between objects and
involves the movement of electrons. Attractive and repulsive forces are at play be-
tween charged objects; however, lightweight objects (such as balloons and scraps of
paper) are typically needed to perceive these forces at work.

A negatively charged object will attract a positively charged object and repel
another negatively charged one. Two positively charged objects will also repel each
other. This phenomenon is analogous to the like poles of magnets repelling each
other and the unlike poles attracting. A latex balloon may be used to demonstrate
attraction. The balloon may be suspended from the ceiling by a thread and rubbed
with a wool sock. The balloon and sock attract each other. The teacher may rub
with a sock another balloon (attached to a stick by a 20- to 30-centimeter-long
thread) next to the suspended balloon. The two balloons will repel each other. Bal-
loons that have been “charged” in this way may also pick up little bits of paper
(1 mm square) and attract strands of hair.

I. f. Students know that magnets have two poles (north and south) and
that like poles repel each oth