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Principles and Definitions

The devel opm ent of the Na ti o n a l

S ci en ce Edu c a tion St a n d a rd s w a s

g u i ded by certain pri n c i p l e s . Th o s e

principles are 

■ Science is for all students.

■ Le a rning science is an act i ve proce s s.

■ School science reflects the intellectual and cultural traditions that characterize

the practice of contemporary science.

■ Improving science education is part of systemic education reform.

Ten s i on inevi t a bly accom p a n i ed the incorpora ti on of these pri n c i p l e s

i n to standard s . Ten s i on also wi ll arise as the principles are app l i ed in

s ch ool scien ce programs and cl a s s room s . The fo ll owing discussion el a bo-

ra tes upon the principles and cl a rifies some of the assoc i a ted difficulti e s .
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SCIENCE IS FOR ALL STUDENTS . This

principle is one of equity and excellence.

Science in our schools must be for all stu-

dents: All students, regardless of age,sex,

cultural or ethnic background, disabilities,

aspirations, or interest and motivation in

science, should have the opportunity to

attain high levels of scientific literacy.

The St a n d a rd s a s sume the inclu s i on of a ll

s tu dents in ch a ll en ging scien ce learn i n g

opportu n i ties and define levels of u n der-

standing and abi l i ties that all should devel op.

Th ey em ph a ti c a lly rej ect any situ a ti on in sci-

en ce edu c a ti on wh ere some peop l e — for

ex a m p l e ,m em bers of certain pop u l a ti on s —

a re disco u ra ged from pursuing scien ce and

exclu ded from opportu n i ties to learn scien ce .

Excellence in science education embodies

the ideal that all students can achieve

understanding of science if they are given

the opportunity. The content standards

describe outcomes—what students should

understand and be able to do, not the man-

ner in which students will achieve those

outcomes. Students will achieve under-

standing in different ways and at different

depths as they answer questions about the

natural world. And students will achieve the

outcomes at different rates, some sooner

than others. But all should have opportuni-

ties in the form of multiple experiences over

several years to develop the understanding

associated with the Standards.

The com m i tm ent to scien ce for all stu-

dents has implicati ons for both progra m

de s i gn and the edu c a ti on sys tem . In parti c-

u l a r, re s o u rces must be all oc a ted to en su re

that the St a n d a rd s do not ex acerb a te the

d i f feren ces in opportu n i ties to learn that

c u rrently exist between advantaged and dis-

advantaged students.

LEARNING SCIENCE IS AN AC T I V E

P RO C E S S . Learning science is something

students do, not something that is done to

them. In learning science, students describe

objects and events, ask questions, acquire

knowledge, construct explanations of natur-

al phenomena, test those explanations in

many different ways, and communicate

their ideas to others.

In the National Science Education

Standards, the term “active process” implies

physical and mental activity. Hands-on

activities are not enough—students also

must have “minds-on” experiences. Science

teaching must involve students in inquiry-

oriented investigations in which they inter-

act with their teachers and peers. Students

establish connections between their current

knowledge of science and the scientific

knowledge found in many sources; they

apply science content to new questions; they

engage in problem solving, planning, deci-

sion making, and group discussions; and

they experience assessments that are consis-

tent with an active approach to learning.

Emphasizing active science learning

means shifting emphasis away from teachers

presenting information and covering science

topics. The perceived need to include all

the topics, vocabulary, and information in

See Teaching

Standard B,

Assessment

Standard D,

Program Standard

E, and System

Standard E

See Program

Standard D and

System Standard D

See Teaching

Standard B

Le a rning sci en ce is so m ething 

s tu d ents do, n ot so m ething that 

is done to them .
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textbooks is in direct conflict with the cen-

tral goal of having students learn scientific

knowledge with understanding.

SCHOOL SCIENCE REFLECTS THE INTEL-

L E C T UAL AND CULT U RAL T RA D I T I O N S

T H AT CHARACTERIZE THE PRACTICE OF

CO N T E M P O RA RY SCIENCE. To develop a

ri ch knowl ed ge of s c i en ce and the natu ra l

worl d , s tu dents must become familiar wi t h

m odes of s c i en tific inqu i ry, rules of evi-

den ce , w ays of formu l a ting qu e s ti on s , a n d

w ays of proposing ex p l a n a ti on s . The rel a-

ti on of s c i en ce to mathem a tics and to tech-

n o l ogy and an understanding of the natu re

of s c i en ce should also be part of t h eir edu-

c a ti on .

An explicit goal of the Na tional Sci en ce

Edu c a tion St a n d a rd s is to establish high

l evels of s c i en tific literacy in the Un i ted

S t a te s . An essen tial aspect of s c i en tific liter-

acy is gre a ter knowl ed ge and unders t a n d-

ing of s c i en ce su bj ect matter, that is, t h e

k n owl ed ge spec i f i c a lly assoc i a ted with the

phys i c a l , l i fe , and earth scien ce s . S c i en ti f i c

l i teracy also inclu des understanding the

n a tu re of s c i en ce , the scien tific en terpri s e ,

and the role of s c i en ce in soc i ety and per-

s onal life . The St a n d a rd s recogn i ze that

m a ny indivi duals have con tri buted to the

trad i ti ons of s c i en ce and that, in histori c a l

pers pective , s c i en ce has been practi ced in

m a ny different cultu re s .

S c i en ce is a way of k n owing that is ch a r-

acteri zed by em p i rical cri teri a , l ogical argu-

m en t , and skeptical revi ew. S tu den t s

should devel op an understanding of wh a t

s c i en ce is, what scien ce is not, what scien ce

can and cannot do, and how scien ce con-

tri butes to cultu re .

I M P ROVING SCIENCE EDUCATION IS

PA RT OF SYSTEMIC EDUCAT I O N

R E F O R M . National goals and standards

contribute to state and local systemic initia-

tives, and the national and local reform

efforts complement each other. Within the

larger education system, we can view science

education as a subsystem with both shared

and unique components. The components

include students and teachers; schools with

principals, superintendents, and school

boards; teacher education programs in col-

leges and universities; textbooks and text-

book publishers; communities of parents

and of students; scientists and engineers;

science museums; business and industry;

and legislators. The National Science

Education Standards provide the unity of

purpose and vision required to focus all of

those components effectively on the impor-

tant task of improving science education for

all students, supplying a consistency that is

needed for the long-term changes required.

See definition of

science literacy

Students should develop an
understanding of what science is,

what science is not, what science can
and cannot do, and how science

contributes to culture.
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Pe r s pe ct i ves and
Te rms in the
National Science
Ed u ca t i o n
St a n d a rd s

Al t h o u gh terms su ch as “s c i en tific litera-

cy”and “s c i en ce con tent and curri c u lu m”

f requ en t ly appear in edu c a ti on discussion s

and in the popular press wi t h o ut def i n i-

ti on , those terms have a specific meaning

as used in the Na tional Sci en ce Edu c a ti o n

St a n d a rd s.

SCIENTIFIC LITERAC Y. Scientific literacy

is the knowledge and understanding of sci-

entific concepts and processes required for

personal decision making, participation in

civic and cultural affairs, and economic pro-

ductivity. It also includes specific types of

abilities. In the National Science Education

Standards, the content standards define sci-

entific literacy.

Scientific literacy means that a p erson can

ask, find, or determine answers to questions

derived from curiosity about e veryday expe-

riences. It means that a person has the abili-

ty to describe, explain,and predict natural

phenomena. Scientific literacy entails being

able to read with understanding articles

about science in the popular press and to

engage in social conversation about the

validity of the conclusions. Scientific literacy

implies that a person can identify scientific

issues underlying national and local deci-

sions and express positions that are scientif-

ically and technologically informed.A liter-

ate citizen should be able to evaluate the

quality of scientific information on the basis

of its source and the methods used to gener-

ate it. Scientific literacy also implies the

capacity to pose and evaluate arguments

based on evidence and to apply conclusions

from such arguments appropriately.

Individuals will display their scientific lit-

eracy in different ways, such as appropriate-

ly using technical terms, or applying scien-

tific concepts and processes. And individuals

often will have differences in literacy in dif-

ferent domains, such as more understanding

of life-science concepts and words, and less

understanding of physical-science concepts

and words.

Scientific literacy has different degrees

and forms; it expands and deepens over a

lifetime, not just during the years in school.

But the attitudes and values established

toward science in the early years will shape a

person’s development of scientific literacy as

an adult.

CONTENT AND CURRICULU M . Th e

con tent of s ch ool scien ce is broadly def i n ed

to inclu de specific capac i ti e s , u n ders t a n d-

i n gs , and abi l i ties in scien ce . The con ten t

s t a n d a rds are not a scien ce curri c u lu m .

Cu rri c u lum is the way con tent is del ivered :

It inclu des the stru ctu re , or ga n i z a ti on , b a l-

a n ce , and pre s en t a ti on of the con tent in

the cl a s s room .

The con tent standards are not scien ce

l e s s on s , cl a s s e s , co u rses of s tu dy, or sch oo l

s c i en ce progra m s . The com pon ents of t h e

s c i en ce con tent de s c ri bed can be or ga n i zed

with a va ri ety of em phases and pers pective s

i n to many different curri c u l a . The or ga n i-

z a ti onal sch emes of the con tent standard s

a re not inten ded to be used as curri c u l a ;

See Program

Standard B
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i n s te ad , the scope , s equ en ce , and coord i n a-

ti on of con cept s , proce s s e s , and topics are

l eft to those who de s i gn and implem en t

c u rricula in scien ce progra m s .

Curricula often will integrate topics from

different subject-matter areas—such as life

and physical sciences—from different con-

tent standards—such as life sciences and sci-

ence in personal and social perspectives—

and from different school subjects—such as

science and mathematics, science and lan-

guage arts, or science and history.

K N OWLEDGE AND UNDERSTA N D I N G .

Implementing the National Science

Education Standards implies the acquisition

of scientific knowledge and the develop-

ment of understanding. Scientific knowl-

edge refers to facts, concepts, principles,

laws, theories, and models and can be

acquired in many ways. Understanding sci-

ence requires that an individual integrate a

complex structure of many types of knowl-

edge, including the ideas of science, rela-

tionships between ideas, reasons for these

relationships, ways to use the ideas to

explain and predict other natural phenome-

na, and ways to apply them to many events.

Understanding encompasses the ability to

use knowledge, and it entails the ability to

distinguish between what is and what is not

a scientific idea. Developing understanding

presupposes that students are actively

engaged with the ideas of science and have

many experiences with the natural world.

I N QU I RY. Scientific inquiry refers to the

diverse ways in which scientists study the

natural world and propose explanations

based on the evidence derived from their

work. Inquiry also refers to the activities of

students in which they develop knowledge

and understanding of scientific ideas, as well

as an understanding of how scientists study

the natural world.

Inquiry is a multifaceted activity that

involves making observations; posing ques-

tions; examining books and other sources of

information to see what is already known;

planning investigations; reviewing what is

already known in light of experimental evi-

dence; using tools to gather, analyze, and

interpret data; proposing answers, explana-

tions, and predictions; and communicating

the results. Inquiry requires identification of

assumptions, use of critical and logical

thinking, and consideration of alternative

explanations.Students will engage in select-

ed aspects of inquiry as they learn the scien-

tific way of knowing the natural world, but

they also should develop the capacity to

conduct complete inquiries.

Although the Standards emphasize

inquiry, this should not be interpreted as

recommending a single approach to science

teaching. Teachers should use different

strategies to develop the knowledge, under-

standings, and abilities described in the con-

tent standards. Conducting hands-on sci-

ence activities does not guarantee inquiry,

nor is reading about science incompatible

with inquiry. Attaining the understandings

and abilities described in Chapter 6 cannot

Scientific literacy implies that a person
can identify scientific issues underlying

national and local decisions and express
positions that are scientifically and

technologically informed.

See Content

Standards A & G

(all grade levels)

See Teaching

Standard B



2 P R I N C I P L E S  A N D  D E F I N I T I O N S2 4

be achieved by any single teaching strategy

or learning experience.

SCIENCE AND T E C H N O LO G Y. As used

in the Standards, the central distinguishing

characteristic between science and technolo-

gy is a difference in goal: The goal of science

is to understand the natural world, and the

goal of technology is to make modifications

in the world to meet human needs.

Technology as design is included in the

Standards as parallel to science as inquiry.

Tech n o l ogy and scien ce are cl o s ely

rel a ted . A single probl em of ten has bo t h

s c i en tific and tech n o l ogical aspect s . Th e

n eed to answer qu e s ti ons in the natu ra l

world drive s the devel opm ent of tech n o-

l ogical produ ct s ; m oreover, tech n o l ogi c a l

n eeds can drive scien tific re s e a rch . An d

tech n o l ogical produ ct s , f rom pencils to

com p uters , provi de tools that prom o te the

u n derstanding of n a tu ral ph en om en a .

The use of “tech n o l ogy ” in the

St a n d a rds is not to be con f u s ed wi t h

“ i n s tru cti onal tech n o l ogy,” wh i ch pro-

vi des stu dents and te ach ers with exc i ti n g

too l s — su ch as com p uters — to con du ct

i n qu i ry and to understand scien ce .

Additional terms important to the

National Science Education Standards, such

as “teaching,” “assessment,” and “opportuni-

ty to learn,” are defined in the chapters and

sections where they are used. Throughout,

we have tried to avoid using terms that have

different meanings to the many different

groups that will be involved in implement-

ing the Standards.
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