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Science Content Standards

The content standards presented in

this chapter outline what students

should know, understand, and be

able to do in natural science. The

content standards are a complete

set of outcomes for students; they

do not prescribe a curriculum. These standards were designed and devel-

oped as one component of the comprehensive vision of science education

presented in the National Science Education Standards and will be most

effective when used in conjunction with all of the standards described in

this book. Furthermore, implementation of the content standards cannot 

be successful if only a subset of the content standards is used (such as

implementing only the subject matter standards for physical, life, and earth

science). ❚ This introduction sets the framework for the content standards

by describing the categories of the content standards with a rationale for



6 S C I E N C E  C O N T E N T  S T A  N  D A  R  D  S1 0 4

e ach category, the form of the standard s ,t h e

c ri teria used to sel ect the standard s , and som e

advi ce for using the scien ce con tent standard s .

Rat i o n a l e
The eight categories of content standards are

■ Unifying concepts and processes in 

science.

■ Science as inquiry.

■ Physical science.

■ Life science.

■ Earth and space science.

■ Science and technology.

■ Science in personal and social 

perspectives.

■ History and nature of science.

The standard for unifying concepts and

processes is presented for grades K-12,

because the understanding and abilities

associated with major conceptual and pro-

cedural schemes need to be developed over

an entire education, and the unifying con-

cepts and processes transcend disciplinary

boundaries. The next seven categories are

clustered for grades K-4, 5-8, and 9-12.

Those clusters were selected based on a

combination of factors,including cognitive

development theory, the classroom experi-

ence of teachers, organization of schools,

and the frameworks of other disciplinary-

based standards. References for additional

reading for all the content standards are

presented at the end of Chapter 6.

The sequ en ce of the seven grade - l evel

con tent standards is not arbi tra ry: E ach

s t a n d a rd su b sumes the knowl ed ge and skill s

of o t h er standard s .S tu den t s’ u n ders t a n d i n gs

and abi l i ties are gro u n ded in the ex peri en ce

of i n qu i ry, and inqu i ry is the fo u n d a ti on for

the devel opm ent of u n ders t a n d i n gs and abi l-

i ties of the other con tent standard s . The per-

s onal and social aspects of s c i en ce are

em ph a s i zed incre a s i n gly in the progre s s i on

f rom scien ce as inqu i ry standards to the his-

tory and natu re of s c i en ce standard s .

S tu dents need solid knowl ed ge and under-

standing in phys i c a l , l i fe , and earth and

s p ace scien ce if t h ey are to app ly scien ce .

Multidisciplinary perspectives also

increase from the subject-matter standards

to the standard on the history and nature of

science, providing many opportunities for

integrated approaches to science teaching.

UNIFYING CO N C E P TS AND PRO C E S S E S

S TA N D A R D
Conceptual and procedural schemes unify

science disciplines and provide students

with powerful ideas to help them under-

stand the natural world. Because of the

underlying principles embodied in this stan-

dard,the understandings and abilities

described here are repeated in the other

content standards. Unifying concepts and

processes include

■ Systems, order, and organization.

■ Evidence, models, and explanation.

■ Ch a n g e, co n s t a n cy, and measure m e nt.

■ Evolution and equilibrium.

■ Form and function.

This standard describes some of the inte-

grative schemes that can bring together stu-

dents’ many experiences in science educa-

tion across grades K-12. The unifying con-

cepts and processes standard can be the

focus of instruction at any grade level but

should always be closely linked to outcomes

aligned with other content standards. In the
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early grades, instruction should establish the

meaning and use of unifying concepts and

processes—for example, what it means to

measure and how to use measurement tools.

At the upper grades, the standard should

facilitate and enhance the learning of scien-

tific concepts and principles by providing

students with a big picture of scientific

ideas—for example,how measurement is

important in all scientific endeavors.

SCIENCE AS INQU I RY STA N D A R D S
In the vision presented by the Standards,

inquiry is a step beyond “science as a

process,” in which students learn skills, such

as observation, inference, and experimenta-

tion. The new vision includes the “processes

of science” and requires that students com-

bine processes and scientific knowledge as

they use scientific reasoning and critical

thinking to develop their understanding of

science. Engaging students in inquiry helps

students develop

■ Understanding of scientific concepts.

■ An appreciation of “how we know” what

we know in science.

■ Understanding of the nature of science.

■ Skills necessary to become independent

inquirers about the natural world.

■ The dispo s i ti ons to use the skill s ,a bi l i ti e s ,

and atti tu des assoc i a ted with scien ce .

Science as inquiry is basic to science edu-

cation and a controlling principle in the

ultimate organization and selection of stu-

dents’ activities. The standards on inquiry

highlight the ability to conduct inquiry and

develop understanding about scientific

inquiry. Students at all grade levels and in

every domain of science should have the

opportunity to use scientific inquiry and

develop the ability to think and act in ways

associated with inquiry, including asking

questions,planning and conducting investi-

gations,using appropriate tools and tech-

niques to gather data, thinking critically and

logically about relationships between evi-

dence and explanations, constructing and

analyzing alternative explanations, and com-

municating scientific arguments. Table 6.1

shows the standards for inquiry. The science

as inquiry standards are described in terms

of activities resulting in student develop-

ment of certain abilities and in terms of stu-

dent understanding of inquiry.

LEVELS K-4

Abilities necessary to do
scientific inquiry

Understanding about
scientific inquiry

LEVELS 5-8

Abilities necessary to do
scientific inquiry

Understanding about
scientific inquiry

LEVELS 9-12

Abilities necessary to do
scientific inquiry

Understanding about
scientific inquiry

TA B L E  6 . 1 . S C I E N C E  A S  I N Q U I R Y  S TA N D A R D S
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PH YS I CAL SCIENCE, LIFE SCIENCE,
AND EARTH AND SPACE SCIENCE
S TA N D A R D S

The standards for physical scien ce ,l i fe sci-

en ce , and earth and space scien ce de s c ri be

the su bj ect matter of s c i en ce using three

wi dely accepted divi s i ons of the domain of

s c i en ce . S c i en ce su bj ect matter focuses on

the scien ce fact s , con cept s , pri n c i p l e s , t h eo-

ri e s , and models that are important for all

s tu dents to know, u n ders t a n d , and use.

Ta bles 6.2, 6 . 3 , and 6.4 are the standards for

physical scien ce ,l i fe scien ce , and earth and

s p ace scien ce , re s pectively.

SCIENCE AND T E C H N O LO G Y
S TA N D A R D S

The scien ce and tech n o l ogy standards in

Ta ble 6.5 establish con n ecti ons bet ween the

n a tu ral and de s i gn ed worlds and provi de stu-

dents with opportu n i ties to devel op 

dec i s i on-making abi l i ti e s . Th ey are not stan-

d a rds for tech n o l ogy edu c a ti on ; ra t h er, t h e s e

s t a n d a rds em ph a s i ze abi l i ties assoc i a ted wi t h

the process of de s i gn and fundamen t a l

u n ders t a n d i n gs abo ut the en terprise of s c i-

en ce and its va rious linkages with tech n o l ogy.

As a complement to the abilities devel-

oped in the science as inquiry standards,

LEVELS K-4

Properties of objects and
materials

Position and motion of objects

Light,heat, electricity,
and magnetism

LEVELS 5-8

Properties and changes of
properties in matter

Motions and forces

Transfer of energy

LEVELS 9-12

Structure of atoms

Structure and properties of
matter

Chemical reactions

Motions and forces

Conservation of energy and
increase in disorder

Interactions of energy and matter

LEVELS K-4

Characteristics of organisms

Life cycles of organisms

Organisms and environments

LEVELS 5-8

Structure and function in living
systems

Reproduction and heredity

Regulation and behavior

Populations and ecosystems

Diversity and adaptations of
organisms

LEVELS 9-12

The cell

Molecular basis of heredity

Biological evolution

Interdependence of organisms

Matter, energy, and organization
in living systems

Behavior of organisms

TA B L E  6 . 2 . P H YS I C A L  S C I E N C E  S TA N D A R D S

TA B L E  6 . 3 . L I F E  S C I E N C E  S TA N D A R D S
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these standards call for students to develop

abilities to identify and state a problem,

design a solution—including a cost and

risk-and-benefit analysis—implement a

solution,and evaluate the solution.

Science as inquiry is parallel to technolo-

gy as design. Both standards emphasize stu-

dent development of abilities and under-

standing. Connections to other domains,

such as mathematics, are clarified in

Chapter 7, Program Standards.

SCIENCE IN PERSONAL AND SOCIAL
PE R S PECTIVES STA N D A R D S

An important purpose of science educa-

tion is to give students a means to under-

stand and act on personal and social issues.

The science in personal and social perspec-

tives standards help students develop

decision-making skills. Understandings

associated with the concepts in Table 6.6

give students a foundation on which to

base decisions they will face as citizens.

H I S TO RY AND NATURE OF SCIENCE
S TA N D A R D S

In learning scien ce ,s tu dents need to

u n derstand that scien ce ref l ects its history

and is an on goi n g, ch a n ging en terpri s e . Th e

s t a n d a rds for the history and natu re of s c i-

en ce recom m end the use of h i s tory in sch oo l

s c i en ce programs to cl a rify different aspect s

of s c i en tific inqu i ry, the human aspects of

s c i en ce , and the role that scien ce has played

in the devel opm ent of va rious cultu re s . Ta bl e

6.7 provi des an overvi ew of this standard .

TA B L E  6 . 4 . E A R T H  A N D  S PA C E  S C I E N C E  S TA N D A R D S

LEVELS K-4

Properties of earth materials

Objects in the sky

Changes in earth and sky

LEVELS 5-8

Structure of the earth system

Earth’s history

Earth in the solar system

LEVELS 9-12

Energy in the earth system

Geochemical cycles

Origin and evolution of the 
earth system

Origin and evolution of the
universe

TA B L E  6 . 5 . S C I E N C E  A N D  T E C H N O L O G Y  S TA N D A R D S

LEVELS K-4

Abilities to distinguish between
natural objects and objects 
made by humans

Abilities of technological design

Understanding about science and
technology

LEVELS 5-8

Abilities of technological design

Understanding about science
and technology

LEVELS 9-12

Abilities of technological design

Understanding about science and
technology
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Fo rm of the
Co nte nt St a n d a rd s
Below is an example of a content standard.

Each content standard states that, as the

result of activities provided for all students

in the grade level discussed,the content of

the standard is to be understood or the abil-

ities are to be developed.

PH YS I CAL SCIENCE (EXA M P L E )

CONTENT STANDARD B:

As a result of the activities in

g rades K-4, all students should

d evelop an understanding of

■ Properties of objects and materials

■ Position and motion of objects

■ Li g ht, h e at, e l e ct ri c i ty, and magnetism

Af ter each con tent standard is a secti on

en ti t l ed , D evel oping Student Un der s t a n d i n g

( or abi l i ties and unders t a n d i n g, wh en appro-

pri a te ) , wh i ch el a bora tes upon issues assoc i-

a ted with opportu n i ties to learn the con ten t .

This secti on de s c ri bes linkages among stu-

dent learn i n g, te ach i n g, and cl a s s room situ a-

ti on s . This discussion on devel oping stu den t

u n ders t a n d i n g, i n cluding the rem a rks on the

s el ecti on of con tent for grade level s , is based

in part on edu c a ti onal re s e a rch . It also incor-

pora tes the ex peri en ces of m a ny though tf u l

peop l e , i n cluding te ach ers , te ach er edu c a-

tors ,c u rri c u lum devel opers , and edu c a ti on a l

re s e a rch ers .( Some referen ces to re s e a rch on

s tu dent understanding and abi l i ties are

l oc a ted at the end of the ch a pter. )

The next section of each standard is a

Guide to the Content Standard, which

TA B L E  6 . 6 . S C I E N C E  I N  P E R S O N A L  A N D  S O C I A L  P E R S PE C T I V E S

LEVELS K-4

Personal health

Characteristics and changes in
populations

Types of resources

Changes in environments

Science and technology in local
challenges

LEVELS 5-8

Personal health

Populations, resources,and
environments

Natural hazards

Risks and benefits

Science and technology in 
society

LEVELS 9-12

Personal and community health

Population growth

Natural resources

Environmental quality

Na t u ral and hu m a n - i n du ced
h a z a rd s

S c i en ce and tech n o l ogy in loc a l ,
n a ti on a l , and gl obal ch a ll en ge s

TA B L E  6 . 7 . H I S TO R Y  A N D  N AT U R E  O F  S C I E N C E  S TA N D A R D S

LEVELS K-4

Science as a human endeavor

LEVELS 5-8

Science as a human endeavor

Nature of science

History of science

LEVELS 9-12

Science as a human endeavor

Nature of scientific knowledge

Historical perspectives
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describes the fundamental ideas that under-

lie the standard. Content is fundamental if it 

■ Represents a central event or phenome-

non in the natural world.

■ Represents a central scientific idea and

organizing principle.

■ Has rich explanatory power.

■ Guides fruitful investigations.

■ Applies to situations and contexts 

common to everyday experiences.

■ Can be linked to meaningful 

learning experiences.

■ Is developmentally appropriate for

students at the grade level specified.

Cri te ria for the
Co nte nt St a n d a rd s

Three criteria influence the selection of

science content. The first is an obligation to

the domain of science. The subject matter in

the physical,life, and earth and space sci-

ence standards is central to science educa-

tion and must be accurate. The presentation

in national standards also must accommo-

date the needs of many individuals who will

implement the standards in school science

programs. The standards represent science

TA B L E  6 . 8 . CO N T E N T  S TA N D A R D S , G RA D E S  K - 4

UNIFYING CO N C E P TS
AND PRO C E S S E S

Systems, order, and
organization

Evidence,models, and
explanation

Change, constancy, and
measurement

Evolution and
equilibrium

Form and function

SCIENCE AS
INQUIRY

Abilities necessary to
do scientific inquiry

Understandings about
scientific inquiry

PHYSICAL SCIENCE

Properties of objects 
and materials

Position and motion of
objects

Light, heat, electricity,
and magnetism

LIFE SCIENCE

Characteristics of
organisms

Life cycles of organisms

Organisms and
environments

EARTH AND SPACE 
SCIENCE

Properties of earth
materials

Objects in the sky

Ch a n ges in earth and 
s ky

SCIENCE AND 
TECHNOLOGY

Abi l i ties of tech n o l ogi c a l
de s i gn

Understandings about
science and technology

Abilities to distinguish
bet ween natural 
obj ects and objects 
made by humans

SCIENCE IN PE R S O N A L
AND SOCIAL 
PE R S PE C T I V E S

Personal health

Characteristics and
changes in populations

Types of resources

Changes in
environments

Science and technology
in local challenges

H I S TO RY AND
N ATURE OF 
S C I E N C E

Science as a human
endeavor
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content acc u ra tely and appropri a tely at all

grade s , with increasing prec i s i on and more

s c i en tific nom en cl a tu re from kinder ga rten to

grade 12.

The second criterion is an obligation to

develop content standards that appropriate-

ly represent the developmental and learning

abilities of students. Organizing principles

were selected that express meaningful links

to direct student observations of the natural

world. The content is aligned with students’

ages and stages of development. This criteri-

on includes increasing emphasis on abstract

and conceptual understandings as students

progress from kindergarten to grade 12.

Ta bles 6.8, 6 . 9 , and 6.10 display the stan-

d a rds gro u ped according to grade levels K-4,

5 - 8 , and 9-12, re s pectively. These tables provi de

an overvi ew of the standards for el em en t a ry - ,

m i d dl e - , and high - s ch ool scien ce progra m s .

The third cri teri on is an obl i ga ti on to pre-

s ent standards in a usable form for those wh o

must implem ent the standard s ,e . g. ,c u rri c u-

lum devel opers ,s c i en ce su pervi s ors , te ach ers ,

and other sch ool pers on n el . The standard s

n eed to provi de en o u gh bre adth of con ten t

to define the domains of s c i en ce , and they

n eed to provi de en o u gh depth of con tent to

d i rect the de s i gn of s c i en ce curri c u l a . Th e

de s c ri pti ons also need to be unders t a n d a bl e

by sch ool pers on n el and to accom m od a te the

s tru ctu res of el em en t a ry, m i d dl e , and high

s ch oo l s , as well as the grade levels used in

n a ti onal standards for other disciplines.

TA B L E  6 . 9 . CO N T E N T  S TA N D A R D S , G R A D E S  5 - 8

UNIFYING CO N C E P TS
AND PRO C E S S E S

Sys tem s , order, a n d
orga n i z a ti on

Evi den ce ,m odel s , and 
e x p l a n a ti on

Ch a n ge , con s t a n c y, a n d
m e a su rem en t

Evo luti on and
equ i l i briu m

Form and functi on

SCIENCE AS
I N QU I RY

Abi l i ties nece s s a ry to 
do scien tific inqu i ry

Un der s t a n d i n gs abo ut
s c i en tific inqu i ry

PH YS I CAL SCIENCE

Properties and ch a n ge s
of p roperties in matter

Mo ti ons and force s

Tra n s fer of en ergy

LIFE SCIENCE

S tru ct u re and functi on 
in living sys tem s

Rep rodu cti on and
h ered i ty

Reg u l a ti on and beh avi or

Pop u l a ti ons and
eco s ys tem s

D iver s i ty and
ad a pt a ti ons of orga n i s m s

E A RTH AND SPACE 
S C I E N C E

S tru ct u re of the eart h
s ys tem

Ea rt h’s history

Ea rth in the solar sys tem

SCIENCE AND 
T E C H N O LO G Y

Abi l i ties of tech n o l ogi c a l
de s i gn

Un der s t a n d i n gs abo ut
s c i en ce and tech n o l ogy

SCIENCE IN PE R S O N A L
AND SOCIAL 
PE R S PE C T I V E S

Per s onal health

Pop u l a ti on s , re s o u rce s ,
and envi ron m en t s

Na t u ral hazard s

Risks and ben ef i t s

S c i en ce and tech n o l ogy 
in soc i ety

H I S TO RY AND
N ATURE OF 
S C I E N C E

S c i en ce as a hu m a n
en de avor

Na t u re of s c i en ce

Hi s tory of s c i en ce
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Use of the Co nte nt
St a n d a rd s

Many different individuals and groups

will use the content standards for a variety

of purposes. All users and reviewers are

reminded that the content described is not a

science curriculum. Content is what students

should learn. Curriculum is the way content

is organized and emphasized; it includes

structure, organization,balance, and presen-

tation of the content in the classroom.

Although the structure for the content stan-

dards organizes the understanding and abil-

ities to be acquired by all students K-12,that

structure does not imply any particular

organization for science curricula.

Persons responsible for science curricula,

teaching, assessment and policy who use the

Standards should note the following 

■ None of the ei ght categories of con tent 

TA B L E  6 . 1 0 . CO N T E N T  S TA N D A R D S , G R A D E S  9 - 1 2

UNIFYING CO N C E P TS
AND PRO C E S S E S

Systems, order, and
organization

Evidence, models,and
explanation

Change, constancy, and
measurement

Evolution and
equilibrium

Form and function

SCIENCE AS
INQUIRY

Abilities necessary to do
scientific inquiry

Understandings about
scientific inquiry

PHYSICAL SCIENCE

Structure of atoms

Structure and properties
of matter

Chemical reactions

Motions and forces

Conservation of energy
and increase in disorder

Interactions of energy
and matter

LIFE SCIENCE

The cell

Molecular basis of
heredity

Biological evolution

Interdependence of
organisms

Matter, energy, and 
organization in living
systems

Behavior of organisms

EARTH AND SPACE 
SCIENCE

Energy in the earth
system

Geochemical cycles

Origin and evolution of
the earth system

Origin and evolution of
the universe

SCIENCE AND 

TECHNOLOGY

Abi l i ties of tech n o l ogi c a l
de s i gn

Understandings about
science and techology

SCIENCE IN PE R S O N A L
AND SOCIAL 
PE R S PE C T I V E S

Per s onal and com mu n i ty
h e a l t h

Population growth

Natural resources

Environmental quality

Natural and human-
induced hazards

Science and technology
in local,national,and
global challenges

HISTORY AND
NATURE OF 
SCIENCE

Science as a human
endeavor

Nature of scientific
knowledge

Historical perspectives
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s t a n d a rds should be el i m i n a ted . For

i n s t a n ce , s tu dents should have opportu-

n i ties to learn scien ce in pers onal and

s ocial pers pectives and to learn abo ut

the history and natu re of s c i en ce , as well

as to learn su bj ect matter, in the sch oo l

s c i en ce progra m .

■ No standards should be eliminated from

a category. For instance, “biological evo-

lution” cannot be eliminated from the

life science standards.

■ S c i en ce con tent can be ad ded . The con n ec-

ti on s , dept h , det a i l , and sel ecti on of top i c s

can be en ri ch ed and va ri ed as appropri a te

for indivi dual stu dents and sch ool scien ce

progra m s . However, ad d i ti on of con ten t

must not prevent the learning of f u n d a-

m ental con cepts by all stu den t s .

■ The content standards must be used in

the context of the standards on teaching

and assessment. Using the standards with

traditional teaching and assessment

strategies defeats the intentions of the

National Science Education Standards.

As scien ce adva n ce s , the con tent standard s

m i ght ch a n ge , but the con ceptual or ga n i z a-

ti on wi ll con ti nue to provi de stu dents wi t h

k n owl ed ge ,u n ders t a n d i n g, and abi l i ties that

wi ll improve their scien tific literac y.
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LESS EMPHASIS ON

Knowing scientific facts and information

Studying subject matter disciplines (physical,life,
earth sciences) for their own sake

Separating science knowledge and science process

Covering many science topics

Implementing inquiry as a set of processes 

MORE EMPHASIS ON 

Understanding scientific concepts and developing
abilities of inquiry

Learning subject matter disciplines in the context of
inquiry, technology, science in personal and social
perspectives,and history and nature of science

Integrating all aspects of science content

Studying a few fundamental science concepts

Implementing inquiry as instructional strategies,
abilities, and ideas to be learned

LESS EMPHASIS ON

Activities that demonstrate and verify science
content

Investigations confined to one class period

Process skills out of context

Emphasis on individual process skills such as
observation or inference

Getting an answer

Science as exploration and experiment

Providing answers to qu e s ti ons abo ut scien ce con ten t

Individuals and groups of students analyzing and
synthesizing data without defending a conclusion

Doing few investigations in order to leave time to
cover large amounts of content

Concluding inquiries with the result of the
experiment

Management of materials and equipment

Private communication of student ideas and
conclusions to teacher

MORE EMPHASIS ON

Activities that investigate and analyze science
questions

Investigations over extended periods of time

Process skills in context

Using multiple process skills—manipulation,
cognitive,procedural

Using evidence and strategies for developing or
revising an explanation

Science as argument and explanation

Communicating science explanations

Groups of students often analyzing and synthesizing
data after defending conclusions

Doing more investigations in order to develop
understanding,ability, values of inquiry and
knowledge of science content

Applying the results of experiments to scientific
arguments and explanations

Management of ideas and information

Public communication of student ideas and work to
classmates

The National Science Education Standards envision change throughout the system. The science
content standards encompass the following changes in emphases:

C H A N G I N G  E M P H A S E S

C H A N G I N G  E M P H A S E S  TO  P R O M OT E  I N Q U I R Y


