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Standards for Professional

Development for Teachers

of Science
The National Science Education

Standards present a vision of learn-

ing and teaching science in which

all students have the opportunity to

become scientifically literate. In this

vision, teachers of science are pro-

fessionals responsible for their own professional development and for the

maintenance of the teaching profession. The standards in this chapter pro-

vide criteria for making judgments about the quality of the professional

development opportunities that teachers of science will need to implement

the National Science Education Standards. ❚ Professional development for

teachers should be analogous to professional development for other profes-

sionals. Becoming an effective science teacher is a continuous process that

stretches from preservice experiences in undergraduate years to the end of a

professional career. Science has a rapidly changing knowledge base and
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expanding relevance to societal issues, and

teachers will need ongoing opportunities to

build their understanding and ability.

Teachers also must have opportunities to

develop understanding of how students

with diverse interests, abilities, and experi-

ences make sense of scientific ideas and

what a teacher does to support and guide all

students. And teachers require the opportu-

nity to study and engage in research on sci-

ence teaching and learning, and to share

with colleagues what they have learned.

The standards in this ch a pter are inten ded

to inform everyone with a role in profe s s i on-

al devel opm en t . Th ey are cri teria for the sci-

en ce and edu c a ti on fac u l ties of co ll eges and

u n ivers i ti e s , who have the pri m a ry re s pon s i-

bi l i ty for the initial prep a ra ti on of te ach ers

of s c i en ce ; for te ach ers who sel ect and de s i gn

activi ties for pers onal profe s s i onal devel op-

m en t ; and for all others who de s i gn and lead

profe s s i onal devel opm ent activi ti e s .

These standards are also criteria for state

and national policy makers who determine

important policies and practices, such as

requirements for teacher certification and

the budget for professional development. In

this vision of science education, policies

must change so that ongoing, effective pro-

fessional development becomes central in

teachers’ lives.

The current reform ef fort in scien ce edu-

c a ti on requ i res a su b s t a n tive ch a n ge in how

s c i en ce is taugh t . Implicit in this reform is an

equ a lly su b s t a n tive ch a n ge in profe s s i on a l

devel opm ent practi ces at all level s . Mu ch cur-

rent profe s s i onal devel opm ent invo lves trad i-

ti onal lectu res to convey scien ce con tent and

em phasis on technical training abo ut te ach-

i n g. For ex a m p l e ,u n der gradu a te scien ce

co u rses typ i c a lly com mu n i c a te scien ce as a

body of f acts and rules to be mem ori zed ,

ra t h er than a way of k n owing abo ut the nat-

u ral worl d ; even the scien ce labora tories in

most co ll eges fail to te ach scien ce as inqu i ry.

Moreover, te ach er- prep a ra ti on co u rses and

i n s ervi ce activi ties in met h ods of te ach i n g

s c i en ce frequ en t ly em ph a s i ze technical skill s

ra t h er than dec i s i on making, t h eory, and re a-

s on i n g. If reform is to be accom p l i s h ed , pro-

fe s s i onal devel opm ent must inclu de ex peri-

en ces that en ga ge pro s pective and practi c i n g

te ach ers in active learning that builds thei r

k n owl ed ge ,u n ders t a n d i n g, and abi l i ty. Th e

vi s i on of s c i en ce and how it is learn ed as

de s c ri bed in the St a n d a rds wi ll be nearly

i m po s s i ble to convey to stu dents in sch ools if

the te ach ers them s elves have never ex peri-

en ced it. Si m p ly put , pre s ervi ce progra m s

and profe s s i onal devel opm ent activi ties for

practicing te ach ers must model good scien ce

te ach i n g, as de s c ri bed in the te aching stan-

d a rds in Ch a pter 3.

Four assu m pti ons abo ut the natu re of pro-

fe s s i onal devel opm ent ex peri en ces and abo ut

the con text within wh i ch they take place

f rame the profe s s i onal devel opm ent standard s :

■ Professional development for a

teacher of science is a continuous,

lifelong process.

The current reform effort requires 
a substantive change in how science

is taught; an equally substantive
change is needed in professional 

development practices.
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■ The traditional distinctions between

“targets,”“sources,” and “supporters”

of teacher development activities are

artificial.

■ The conventional view of profession-

al development for teachers needs to

shift from technical training for spe-

cific skills to opportunities for intel-

lectual professional growth.

■ The process of transforming schools

requires that professional develop-

ment opportunities be clearly and

appropriately connected to teachers’

work in the context of the school.

P ROFESSIONAL DEV E LOPMENT FOR A

T E ACHER OF SCIENCE IS A CO N T I N U-

O U S , L I F E LONG PRO C E S S . The under-

standing and abilities required to be a mas-

terful teacher of science are not static.

Science content increases and changes, and a

teacher’s understanding in science must

keep pace. Knowledge about the process of

learning is also continually developing,

requiring that teachers remain informed.

Further, we live in an ever-changing society,

which deeply influences events in schools;

social changes affect students as they come

to school and affect what they need to carry

away with them. In addition, teachers must

be involved in the development and refine-

ment of new approaches to teaching, assess-

ment,and curriculum.

Teachers of science build skills gradually,

starting in their undergraduate years, where

they engage in science and gain some expe-

rience in teaching. They then experience the

realities of their first years in the classroom,

work with other teachers, take advantage of

professional development offerings, and

learn from their own efforts and those of

their colleagues. This gradual development

has several implications—the transition

between the education of prospective and

practicing teachers is a case in point. The

primary responsibility for the early stages of

preservice education rests with colleges and

universities, but it must be shared with the

practice community as prospective teachers

begin their clinical work. For inservice edu-

cation,the practice community has the

major responsibility, drawing upon the

resources of higher education, science-rich

centers, and the scientific community.

Continuous professional development

requires a gradual shift from campus to

school, accompanied by collaboration

among all those engaged in professional

development activities.

Because the following standards assume

continuous professional development, they

are not divided into standards for the edu-

cation of prospective teachers and standards

for the professional development of practic-

ing teachers. Rather they are applicable to

all activities and programs that occur over a

teacher’s career.

THE T RADITIONAL DISTINCTIONS

B E TWEEN “TA RG E TS ,” “S O U RC E S ,” A N D

“S U P P O RT E R S” OF T E ACHER DEV E LO P-

MENT ACTIVITIES ARE ART I F I C I A L .

In the vision of science education described

by the Standards, practicing teachers—tradi-

tionally the targets for professional develop-

ment—have the opportunity to become

Science content increases and 

ch a n ge s , and a te a ch er ’s unders t a n d i n g

in science must keep pace.

See Professional

Development

Standard D

See Professional

Development

Standard A
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sources of their own growth as well as sup-

porters of the growth of others. Prospective

teachers must have the opportunity to

become active participants in schools

through internships, clinical studies,and

research. Teachers should have opportuni-

ties for structured reflection on their teach-

ing practice with colleagues, for collabora-

tive curriculum planning, and for active

participation in professional teaching and

scientific networks. The challenge of profes-

sional development for teachers of science is

to create optimal collaborative learning situ-

ations in which the best sources of expertise

are linked with the experiences and current

needs of the teachers.

Principals and qualified community

members should also participate in profes-

sional development activities in order to

increase their own understanding of student

science learning and of the roles and

responsibilities of teachers.

THE CONVENTIONAL V I EW OF PRO-

FESSIONAL DEV E LOPMENT FOR

T E ACHERS NEEDS TO SHIFT FRO M

T E C H N I CAL T RAINING FOR SPE C I F I C

SKILLS TO OPPORTUNITIES FOR INTEL-

L E C T UAL PROFESSIONAL GROWT H .

This assumption highlights the need for a

shift from viewing teaching as a technical

activity to one requiring both theoretical

and practical understanding and ability.

Professional development occurs in many

more ways than delivery of information in

the typical university course, institute, or

teacher workshop. Another way to learn

more about teaching science is to conduct

classroom-based research, and a useful way

to learn science content is to participate in

research at a scientific laboratory. In all

instances, professional development activi-

ties must be sustained, contextual,and

require participation and reflection. The

Standards assume broad concepts of how, in

what formats,and under what conditions

professional development can take place.

THE PROCESS OF T RA N S F O R M I N G

SCHOOLS REQUIRES T H AT PRO F E S-

SIONAL DEV E LOPMENT OPPORT U N I-

TIES BE CLEARLY AND APPRO P R I AT E LY

CONNECTED TO T E AC H E R S’ WORK IN

THE CO N T E XT OF THE SCHOOL.

Whenever possible, the professional devel-

opment of teachers should occur in the con-

texts where the teachers’ understandings

and abilities will be used. Although learning

science might take place in a science labora-

tory, learning to teach science needs to take

place through interactions with practition-

ers in places where students are learning sci-

ence, such as in classrooms and schools.

The St a n d a rd s
The first three professional development

standards can be summarized as learning

science, learning to teach science, and learn-

ing to learn.Each begins with a description

of what is to be learned followed by a

The challenge of professional
development. . .is to create optimal

collaborative learning situations in
which the best sources of expertise are

linked with the experiences and 
current needs of the teachers.
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description of how the opportunities to

learn are best designed. The fourth standard

addresses the characteristics of quality pro-

fessional development programs at all levels.

P ROFESSIONAL DEV E LO P M E N T

S TANDARD A:

Pro fessional deve l o p m e nt fo r

teachers of science re q u i res learn-

ing essential science co nte nt

t h rough the pe r s pe ct i ves and

m e t h ods of inquiry. S c i e n ce learn-

ing ex pe ri e n ces for teachers must

■ Invo lve teachers in act i ve ly inve s t i g at i n g

phenomena that can be studied scient i f-

i ca l ly, i nte rp reting re s u l t s,and maki n g

sense of findings co n s i s te nt with cur-

re nt ly acce p ted scientific understanding.

■ Address issues, events, problems, or

topics significant in science and of

interest to participants.

■ Introduce teachers to scientific litera-

ture, media,and technological

resources that expand their science

knowledge and their ability to access

further knowledge.

■ Build on the teacher’s current science

understanding, ability, and attitudes.

■ Incorporate ongoing reflection on the

process and outcomes of understand-

ing science through inquiry.

■ Encourage and support teachers in

efforts to collaborate.

K N OWLEDGE AND UNDERSTA N D I N G
OF SCIENCE
One of the most serious questions in science

education is what science a teacher needs to

know. What does it mean to know a lot or a

little, have a sound foundation, and have in-

depth understanding? The criteria of credit

hours that states, professional organizations,

and higher education institutions use to

prescribe content requirements are inade-

quate indicators of what is learned in a

course. Therefore, the following discussion

focuses on the nature of the opportunities

to learn science needed by teachers, rather

than on credit hours. It is assumed that

teachers of science will continue to learn

science throughout their careers.

To meet the St a n d a rd s, a ll te ach ers of s c i-

en ce must have a stron g, broad base of s c i en-

tific knowl ed ge ex ten s ive en o u gh for them to

■ Understand the nature of scientific

inquiry, its central role in science, and

how to use the skills and processes of sci-

entific inquiry.

■ Understand the fundamental facts and

concepts in major science disciplines.

■ Be able to make conceptual connections

within and across science disciplines, as

well as to mathematics, technology, and

other school subjects.

■ Use scientific understanding and ability

when dealing with personal and 

societal issues.

Beyond the firm foundation provided by the

content standards in Chapter 6, how much

more science a teacher needs to know for a

given level of schooling is an issue of

breadth versus depth to be debated and

decided locally while respecting the intent of

the Standards.

Breadth implies a focus on the basic ideas

of science and is central to teaching science

at all grade levels. Depth refers to knowing

and understanding not only the basic ideas

within a science discipline, but also some of

the supporting experimental and theoretical

knowledge. The ways ideas interconnect and

See Content

Standards 

(all grade levels)

in Chapter 6
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build upon each other within and across

content areas are other important aspects of

the depth of understanding. The depth of

understanding of science content required

varies according to the grade level of teach-

ing responsibility.

Teachers of grades K-4 usually are gener-

alists who teach most, if not all, school sub-

jects.A primary task for these teachers is to

lay the experiential, conceptual, and attitu-

dinal foundation for future learning in sci-

ence by guiding students through a range of

inquiry activities. To achieve this, elemen-

tary teachers of science need to have the

opportunity to develop a broad knowledge

of science content in addition to some in-

depth experiences in at least one science

subject. Such in-depth experiences will

allow teachers to develop an understanding

of inquiry and the structure and production

of science knowledge. That knowledge pre-

pares teachers to guide student inquiries,

appraise current student understanding, and

further students’ understanding of scientific

ideas. Although thorough science knowledge

in many areas would enhance the work of

an elementary teacher, it is more realistic to

expect a generalist’s knowledge.

Science curricula are organized in many

different ways in the middle g rades. Science

experiences go into greater depth, are more

quantitative, require more sophisticated rea-

soning skills, and use more sophisticated

apparatus and technology. These require-

ments of the science courses change the

character of the conceptual background

required of middle level teachers of science.

While maintaining a breadth of science

knowledge, they need to develop greater

depth of understanding than their col-

leagues teaching grades K-4. An intensive,

thorough study of at least one scientific dis-

cipline will help them meet the demands of

their teaching and gain appreciation for

how scientific knowledge is produced and

how disciplines are structured.

At the secondary level, effective teachers

of science possess broad knowledge of all

disciplines and a deep understanding of the

scientific disciplines they teach. This implies

being familiar enough with a science disci-

pline to take part in research activities with-

in that discipline.

Teachers must possess the skills necessary

to guide inquiries based on students’ ques-

tions. An important test of the appropriate

level of understanding for all teachers of sci-

ence at all levels is the teacher’s ability to

determine what students understand about

science and to use this data to formulate

activities that aid the development of sound

scientific ideas by their students.

LEARNING SCIENCE
Prospective and practicing teachers of sci-

ence acquire much of their formal science

knowledge through coursework in colleges

and universities. For all teachers, undergrad-

uate science courses are a major factor in

defining what science content is learned.

Those courses also provide models for how

science should be taught. For K-4 teachers

Prospective and practicing teachers
must take science courses in which they

learn science through inquiry, having
the same opportunities as their students

will have to develop understanding.
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and 5-8 teachers with general certification,

undergraduate introductory science courses

often are the only science courses taken.

Because of the crucial role of such courses,

reform in the content and teaching of

undergraduate science is imperative. The

courses for practicing teachers—those

taught at universities as part of graduate

programs as well as those typically included

in school-based,inservice programs—also

require redesign.

Teachers of science will be the representa-

tives of the science community in their

classrooms, and they form much of their

image of science through the science courses

that they take in college. If that image is to

reflect the nature of science as presented in

these standards, prospective and practicing

teachers must take science courses in which

they learn science through inquiry, having

the same opportunities as their students will

have to develop understanding. College sci-

ence faculty therefore must design courses

that are heavily based on investigations,

where current and future teachers have

direct contact with phenomena, gather and

interpret data using appropriate technology,

and are involved in groups working on real,

open-ended problems. Those science cours-

es must allow teachers to develop a deep

understanding of accepted scientific ideas

and the manner in which they were formu-

lated. They must also address problems,

issues, events, and topics that are important

to science, the community, and teachers.

Le a rning scien ce thro u gh inqu i ry should

also provi de opportu n i ties for te ach ers to use

s c i en tific litera tu re ,m ed i a , and tech n o l ogy to

broaden their knowl ed ge beyond the scope of

i m m ed i a te inqu i ri e s . Co u rses in scien ce

should all ow te ach ers to devel op unders t a n d-

ing of the logical re a s oning that is dem on-

s tra ted in re s e a rch papers and how a spec i f i c

p i ece of re s e a rch adds to the acc u mu l a ted

k n owl ed ge of s c i en ce . Those co u rses should

also su pport te ach ers in using a va ri ety of

tech n o l ogical too l s , su ch as com p uteri zed

databases and spec i a l i zed labora tory too l s .

In the vision described by the Standards,

all prospective and practicing teachers who

study science participate in guided activities

that help them make sense of the new con-

tent being learned, whether it comes by lec-

ture, reading, small-group discussion, or

laboratory investigation. Courses and other

activities include ongoing opportunities for

teachers to reflect on the process and the

outcomes of their learning. Instructors help

teachers understand the nature of learning

science as they develop new concepts and

skills. Those who teach science must be

attentive to the scientific ideas that teachers

bring with them, provide time for learning

experiences to be shared, and be knowledge-

able about strategies that promote and

encourage reflection.

Science faculty also need to design cours-

es for prospective and practicing teachers

that purposely engage them in the collabo-

rative aspects of scientific inquiry. Some

aspects of inquiry are individual efforts, but

many are not, and teachers need to experi-

ence the value and benefits of cooperative

work as well as the struggles and tensions

that it can produce.

Teachers of science will be
the representatives of the science
community in their classrooms.

See System

Standard B
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P ROFESSIONAL DEV E LO P M E N T

S TANDARD B:

Pro fessional deve l o p m e nt fo r

teachers of science re q u i res inte-

g rating kn owledge of science,

l e a rn i n g, pe d a g ogy, and student s ;

it also re q u i res applying that

kn owledge to science te a c h i n g.

Le a rning ex pe ri e n ces for te a c h e r s

of science must

■ Co n n e ct and inte g rate all pe rt i n e nt

a s pe cts of science and science 

e d u cat i o n .

■ Occur in a variety of places where

effective science teaching can be illus-

trated and modeled, permitting teach-

ers to struggle with real situations and

expand their knowledge and skills in

appropriate contexts.

■ Address teachers’ needs as learners

and build on their current knowledge

of science content, teaching, and

learning.

■ Use inquiry, reflection,interpretation

of research,modeling, and guided

practice to build understanding and

skill in science teaching.

K N OWLEDGE OF SCIENCE T E AC H I N G
E f fective scien ce te aching is more than

k n owing scien ce con tent and some te ach i n g

s tra tegi e s . Sk i ll ed te ach ers of s c i en ce have

s pecial unders t a n d i n gs and abi l i ties that

i n tegra te their knowl ed ge of s c i en ce con ten t ,

c u rri c u lu m , l e a rn i n g, te ach i n g, and stu den t s .

Su ch knowl ed ge all ows te ach ers to tailor

l e a rning situ a ti ons to the needs of i n d ivi du-

als and gro u p s . This special knowl ed ge ,

c a ll ed “ped a gogical con tent knowl ed ge ,” d i s-

tinguishes the scien ce knowl ed ge of te ach ers

f rom that of s c i en ti s t s . It is one el em ent that

defines a profe s s i onal te ach er of s c i en ce .

In ad d i ti on to solid knowl ed ge of s c i en ce ,

te ach ers of s c i en ce must have a firm gro u n d-

ing in learning theory — u n derstanding how

l e a rning occ u rs and is fac i l i t a ted . Le a rning is

an active process by wh i ch stu dents indivi d-

u a lly and co ll a bora tively ach i eve under-

s t a n d i n g. E f fective te aching requ i res that

te ach ers know what stu dents of certain age s

a re likely to know, u n ders t a n d , and be abl e

to do ; what they wi ll learn qu i ck ly; and wh a t

wi ll be a stru ggl e . Te ach ers of s c i en ce need to

a n ti c i p a te typical misu n ders t a n d i n gs and to

ju d ge the appropri a teness of con cepts for the

devel opm ental level of t h eir stu den t s . In

ad d i ti on , te ach ers of s c i en ce must devel op

u n derstanding of h ow stu dents with differ-

ent back gro u n d s , ex peri en ce s ,m o tiva ti on s ,

l e a rning styl e s ,a bi l i ti e s , and interests learn

s c i en ce . Te ach ers use all of that knowl ed ge to

m a ke ef fective dec i s i ons abo ut learn i n g

obj ective s , te aching stra tegi e s , a s s e s s m en t

t a s k s , and curri c u lum materi a l s .

E f fective te ach ers of s c i en ce also have a

broad repertoi re of i n s tru cti onal stra tegi e s

that en ga ge stu dents in mu l tiple ways .

Th ey are familiar with a wi de ra n ge of c u r-

ri c u l a . Th ey have the abi l i ty to ex a m i n e

c ri ti c a lly and sel ect activi ties to use wi t h

t h eir stu dents to prom o te the unders t a n d-

ing of s c i en ce .

Skilled teachers of science have
special understandings and abilities 
that integrate their knowledge of
science content, curriculum, learning,
teaching, and students.

See the principle

Learning science is

an active process

in Chapter 2

See Teaching

Standard B

See Program

Standard B
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Inquiry into practice is essential for effec-

tive teaching. Teachers need continuous

opportunities to do so. Through collabora-

tions with colleagues, teachers should

inquire into their own practice by posing

questions such as the following:

How should laboratory journals be structured?

Is this experiment appropriate for the under-

standing and ability of the students?

What type of research do students need to do to

extend their understanding?

Is this curriculum unit appropriate for this

group of third-grade students?

Does a particular study allow students sufficient

opportunity to devise their own experiments?

Are all students participating equally?

Assessment is an important tool for good

inquiry into teaching. In the daily operation

of their classrooms, skilled teachers of sci-

ence are diagnosticians who understand stu-

dents’ ideas, beliefs, and reasoning. Effective

teachers are knowledgeable about the vari-

ous educational purposes for assessment

and know how to implement and interpret a

variety of assessment strategies.

Skilled teachers of science also know how

to create and manage the physical, social,

and intellectual environment in a classroom

community of science learners.

LEARNING TO T E ACH SCIENCE
Developing pedagogical content knowl-

edge of science requires that teachers of sci-

ence have the opportunity to bring together

the knowledge described above and develop

an integrated view of what it means to teach

and learn science. The teaching standards in

Chapter 3 are designed to guide teachers’

decisions about each of the complex activi-

ties involved in teaching science. In the

vision described by the Standards, teachers

also develop concepts and language to

engage in discourse with their peers about

content, curriculum, teaching, learning,

assessment,and students.

The development of pedagogical content

knowledge by teachers mirrors what we

know about learning by students; it can be

fully developed only through continuous

experience. But experience is not sufficient.

Teachers also must have opportunities to

engage in analysis of the individual compo-

nents of pedagogical content knowledge—

science, learning, and pedagogy—and make

connections between them.

In this vision, people responsible for pro-

fessional development work together with

each other and with teachers as they inte-

grate their knowledge and experiences. For

example,higher education science and edu-

cation faculty must learn to work together:

An instructor in a university science course

might invite a member of the science educa-

tion faculty to par ticipate in regular discus-

sion time designed to help students reflect

on how they came to learn science concepts.

Not only must the departments in higher

education institutions work together, but

schools and higher education institutions

must enter into true collaboration. And 

Teachers use their knowledge of
learning to make effective decisions
about learning objectives, teaching

strategies, assessment tasks, and
curriculum materials.

See Teaching

Standard C

See Teaching

Standards D and E

See Professional

Development

Standard D
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Ge n e t i c s

Ms. J. recently attended a workshop with
other teachers at the university where she
learned equally from the instructors and the
other attendees. She also reads research regu-
larly, reviews resources, and makes judgments
about their value for her teaching. Ms. J.
engages in an iterative planning process, mov-
ing from a broad semester plan to daily
details. The students in her high-s chool class
have opportunities to develop mental models,
work with instructional technology, use multi-
ple materials, teach one another, and consider
the personal, social, and ethical aspects of sci-
ence. She has the support of the school and
district and has the resources she needs. She
also relies on resources in the community.

[This example highlights some elements from
Teaching Standards A, B, D, and E;
Professional Development Standards A, B,
and C; 9-12 Content Standards A, C, F, and
G; Program Standards C and D; and System
Standards D and G.]

Ms. J. is eager to begin the school year,

and is particularly looking forward to teach-

ing a semester course on transmission

genetics—how traits are inherited from one

generation to the next. She taught the

course before and read extensively about the

difficulties students have with transmission

genetics conceptually and as a means of

developing problem-solving skills. She also

has been learning about new approaches to

teaching genetics. From her reading and

from a workshop she attended for high-

school teachers at the local university, she

knows that many people have been experi-

menting with ways to improve genetics

instruction. She also knows that several

computer programs are available that simu-

late genetics events.

M s . J. is convi n ced that many import a n t

l e a rning goals of the sch oolís scien ce pro-

gram can be met in this co u rs e . She wants

to provi de the stu dents with opportu n i ti e s

to understand the basic principles of tra n s-

m i s s i on gen eti c s . She also wants them to

a pprec i a te how using a mental model is

u s eful to unders t a n d i n g. She wants her stu-

dents to en ga ge in and learn the proce s s e s

of i n qu i ry as they devel op their men t a l

m odel s . M s . J. also wants stu dents to

u n derstand the ef fect of tra n s m i s s i on

gen etics on their lives and on soc i ety; h ere

she wants them to ad d ress an issue that

i n clu des scien ce and et h i c s .

Sel ecting an appropri a te com p uter pro-

gram is import a n t , because simu l a ti on wi ll

be key to mu ch of the first qu a rter of t h e

co u rs e . M s . J. has revi ewed several and

n o ted com m on fe a tu re s . E ach simu l a ti on

a ll ows stu dents to sel ect parental ph en o-

types and make cro s s e s . O f fs pring were

produ ced qu i ck ly by all the progra m s ;

gen o types and ph en o types are distri buted

s toch a s ti c a lly according to the inheri t a n ce

p a t tern . With su ch progra m s , s tu dents wi ll

be able to simu l a te many gen era ti ons of

c rosses in a single class peri od . All the pro-

grams are open - en ded—no answer boo k s

a re provi ded to ch eck answers . All the pro-

grams all ow stu dents to begin with data

and con s tru ct a model of the el em ents and

processes of an inheri t a n ce pattern .

S tu dents wi ll be able to use the model to

pred i ct the ph en o types and gen o types of

f utu re of fs pring and ch eck pred i cti ons by
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making the cro s s e s . M s . J. ch ooses one of

the simu l a ti ons after revi ewing it caref u lly

and con s i dering the bu d get she has for su p-

p l i e s . E n o u gh com p uters are ava i l a ble to

permit stu dents to work in teams of fo u r.

Stu dents wi ll work in their teams to

devel op models of i n h eri t a n ce patterns du r-

ing the first qu a rter. M s . J. plans to obt a i n

reprints of Men del ’s ori ginal arti cle for stu-

dents to re ad early in the qu a rter. It has a

n i ce model for an inheri t a n ce pattern , a n d

s tu dents wi ll examine it as they iden tify el e-

m ents of a mental model . In ad d i ti on to

using the simu l a ti on s , M s . J. wants stu den t s

to work with living or ga n i s m s . She wi ll

n eed to order the proper yeast stra i n s , f ru i t

f l i e s , and Fast Plants. She has com m erc i a lly

prep a red units in gen etics using each of

these or ganisms and has ad a pted the units

to meet the needs of the stu den t s . E ach

or ganism has adva n t a ges and limitati on s

wh en used to stu dy tra n s m i s s i on gen eti c s ;

s tu dents wi ll be working in teams and wi ll

s h a re with other teams what they learn

f rom the different or ga n i s m s .

Du ring the second qu a rter, s tu dents wi ll

focus on human gen eti c s . M s . J. i n tends to

con t act the local univers i ty to arra n ge for a

p a rticular spe a ker from the clinical gen eti c s

dep a rtm en t . The spe a ker and Ms. J. h ave

worked toget h er before , and she knows how

well the spe a ker pre s ents inform a ti on on

classes of i n h eri ted human disorders ,

human ped i gree analys i s , n ew re s e a rch in

gen etic su s cepti bi l i ty to com m on ill n e s s e s ,

and the many careers assoc i a ted wi t h

human gen eti c s . Som eone from the state

l a bora tory also wi ll come and dem on s tra te
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k a ryo typing and leave some ph o togra phs 

so stu dents can try sorting ch rom o s omes to

get a feel for the skill requ i red to do this.

Having stu dents perform a karyo type wi ll

give new meaning to a ph rase in the tex t :

“the ch rom o s ome images are sorted by

type .”

E ach stu dent wi ll become an “ex pert” i n

one inheri ted human disorder, l e a rn i n g

a bo ut the mode of i n h eri t a n ce , s ym ptom s ,

f requ en c y, ef fect on indivi duals and family,

c a re , and su ch . S tu dents wi ll pre s ent thei r

reports to the cl a s s . Th ey wi ll also work in

p a i rs to solve an ethical case stu dy assoc i a t-

ed with an inheri ted disorder. D rawing on

s everal arti cles abo ut te aching ethical issu e s

to ch i l d ren , M s . J. has cre a ted one of h er

own , and with the help of co lleagues and

the staff at the clinical gen etics cen ter, s h e

has devel oped several case studies from

wh i ch the stu dents wi ll devel op their et h i c a l

i s sue papers . Pa rt of the case stu dy wi ll

requ i re stu dents to draw a ped i gree . M s . J.

is ga t h ering print matter: f l i ers from the

Ma rch of Di m e s , tex tbooks on cl i n i c a l

gen eti c s , s ome novels and short stori e s

a bo ut people with inheri ted disorders , a n d

a rti cles from popular maga z i n e s . This is an

on going ef fort—she has been co ll ecti n g

m a terial for some ye a rs now. She also has

po s ters and pictu res from servi ce or ga n i z a-

ti ons she wi ll put up around the room , but

s ome wall space needs to be saved for stu-

dent data ch a rt s .

Having revi ewed the goals and stru ctu re

of the co u rs e , M s . J.’s next planning step is

to map tasks by wee k . She has a good ide a

of h ow long different activi ties wi ll take

f rom her previous ex peri en ce te aching this

co u rs e . Planning for each week hel p s

en su re that the live materials and the spe a k-

ers are coord i n a ted for the ri ght ti m e . But

M s . J. k n ows that it is likely that she wi ll

n eed to ad just sch edu l i n g. M s . J. and the

s tu dents wi ll set ro utines and procedu re s

du ring the first wee k ; t h en stu dents wi ll do

mu ch of the class work in their te a m s .

F i n a lly, M s . J. begins to map out the days

of the first wee k . On the first day of cl a s s ,

the stu dents wi ll share why they chose this

co u rse and what their hopes and ex pect a-

ti ons are . Th ey might also de s c ri be wh a t

t h ey alre ady know abo ut gen etics and wh a t

qu e s ti ons they bring to cl a s s .
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science-rich centers, industry, and other

organizations must participate in profes-

sional development activities with teachers.

Some of the most powerful connections

between science teaching and learning are

made through thoughtful p ractice in field

experiences, team teaching, collaborative

research, or peer coaching. Field experience

starts early in the preservice program and

continues throughout a teaching career.

Whenever possible, the context for learning

to teach science should involve actual stu-

dents, real student work, and outstanding

curriculum materials. Trial and error in

teaching situations, continual thoughtful

reflection, interaction with peers, and much

repetition of teaching science content com-

bine to develop the kind of integrated

understanding that characterizes expert

teachers of science.

New forms of collaboration that foster

integrated professional development for

teachers must be developed. One promising

possibility is the reorganization of teacher

education institutions into a professional

development school model, where practi-

tioners and theoreticians are involved in

teacher education activities in a collegial

relationship. Another is extensive collabora-

tion among schools, colleges, local industry,

and other science-rich centers.

Many teachers come to learning activities

with preconceptions about teaching science.

At a minimum, their own science learning

experiences have defined teaching for them.

More accomplished teachers have their own

teaching styles and strategies and their own

views of learning and teaching. When teach-

ers have the time and opportunity to

describe their own views about learning and

teaching, to conduct research on their own

teaching, and to compare, contrast,and

revise their views, they come to understand

the nature of exemplary science teaching.

Learning experiences for prospective and

practicing teachers must include inquiries

into the questions and difficulties teachers

have. Assessment is an example. Teachers

must have opportunities to observe practi-

tioners of good classroom assessment and to

review critically assessment instruments and

their use. They need to have structured

opportunities in aligning curriculum and

assessment, in selecting and developing

appropriate assessment tasks, and in analyz-

ing and interpreting the gathered informa-

tion. Teachers also need to have opportuni-

ties to collaborate with other teachers to

evaluate student work—developing, refin-

ing, and applying criteria for evaluation.

Practicing teachers will benefit from oppor-

tunities to participate in organized sessions

for scoring open-ended assessments.

Profe s s i onal devel opm ent activi ties cre a te

opportu n i ties for te ach ers to con f ront new

and different ways of t h i n k i n g ; to parti c i p a te

in dem on s tra ti ons of n ew and different ways

of acti n g ; to discuss, ex a m i n e , c ri ti qu e ,

ex p l ore ,a r g u e , and stru ggle with new ide a s ;

See Program

Standard D and

System Standard D

Wh en te a ch ers have the time and
oppo rtu n i ty to descri be their own vi ews
a b out learning and te a ch i n g , to co n du ct
re se a rch on their own te a ch i n g , and to
co m pa re , co n tra s t , and revi se their vi ews ,
t h ey come to understand the natu re of
ex em pl a ry sci en ce te a ch i n g .

See Assessments

Conducted by

Classroom Teachers

in Chapter 5
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collegial reflection,such as peer

coaching, portfolios, and journals.

■ Su p po rt the sharing of teacher ex pe r-

tise by pre p a ring and using mento r s,

teacher adv i s e r s, co a c h e s, lead te a c h e r s,

and re s o u rce teachers to provide pro-

fessional deve l o p m e nt oppo rt u n i t i e s.

■ Provide opportunities to know and

have access to existing research and

experiential knowledge.

■ Provide opportunities to learn and use

the skills of research to generate new

knowledge about science and the

teaching and learning of science.

The primary job of a teacher is to promote

learning, and it follows that teachers them-

selves are dedicated learners. Lifelong learn-

ing by teachers is essential for several rea-

sons. One obvious reason is to keep current

in science. Teachers do not leave preservice

programs with complete understanding of

all the science they will need in their teach-

ing careers, and they need to continue to

clarify and deepen their understanding of

the science content that is part of their

teaching responsibility.

Another reason teachers must have the

opportunity to continue to learn is made

clear by the observation that tomorrow’s

students will have markedly different needs

from today’s students; even today’s employ-

ers require employees who can frame prob-

lems and design their own tasks, think criti-

cally, and work together.

Teaching itself is complex, requiring con-

stant learning and continual reflection. New

knowledge,skills, and strategies for teaching

come from a variety of sources—research,

new materials and tools, descriptions of best

See Professional

Development

Standard A

See Professional

Development

Standard B

to try out new approaches in different situ a-

ti ons and get feed b ack on the use of n ew

i de a s ,s k i ll s , too l s , and beh avi ors ; to ref l ect on

the ex peri m ents and ex peri en ces of te ach i n g

s c i en ce , and then to revise and try aga i n .

Teacher learning is analogous to student

learning: Learning to teach science requires

that the teacher articulate questions,pursue

answers to those questions, interpret infor-

mation gathered, propose applications, and

fit the new learning into the larger picture

of science teaching.

These su gge s ti ons for pre s ervi ce and inser-

vi ce profe s s i onal devel opm ent do not dict a te

a certain stru ctu re . Th ey could be met in a

co ll ege co u rs e , a su s t a i n ed inservi ce work-

s h op or insti tute , a re s i dency in a scien ce - ri ch

cen ter, a seminar for new te ach ers , a te ach er

s tu dy or acti on re s e a rch gro u p, or a te ach er

n et work . It is the natu re of the learning situ a-

ti on that is import a n t , not the stru ctu re .

P ROFESSIONAL DEV E LO P M E N T

S TANDARD C:

Pro fessional deve l o p m e nt fo r

teachers of science re q u i res build-

ing understanding and ability fo r

l i felong learn i n g. Pro fe s s i o n a l

d eve l o p m e nt activities must

■ Provide regular, frequent opportuni-

ties for individual and collegial exami-

nation and reflection on classroom

and institutional practice.

■ Provide oppo rtunities for teachers to

re ce i ve feedback about their te a c h i n g

and to understand, a n a ly ze, and apply

t h at feedback to improve their pra ct i ce.

■ Provide opportunities for teachers 

to learn and use various tools and

techniques for self-reflection and 
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LEARNING SKILLS FOR LIFELO N G
L E A R N I N G
The integrated knowledge needed to teach

science well is developed over time. Thus,

the acquisition of the skills for continuous

learning should be an explicit component of

all learning experiences.

As lifel ong learn ers , te ach ers need to

ref l ect on their ex peri en ces and have tech-

n i ques and the time to do so. Pre s ervi ce

co u rses must all oc a te time to te ach pro s pec-

tive te ach ers tech n i ques for ref l ecti on , a n d

practicing te ach ers must be given opportu n i-

ties to devel op these skills as well . Ma ny

tech n i ques for ref l ecti on on practi ce are

ava i l a bl e , and their use is becoming more

wi de s pre ad . Sel f - ref l ecti on tools su ch as

j o u rn a l s , a u d i o t a pes or vi deo t a pe s , and port-

folios all ow te ach ers to captu re their te ach-

i n g, track their devel opm ent over ti m e , a n a-

ly ze their progre s s , and iden tify needs for

f u rt h er learn i n g. Ot h er tech n i ques inclu de

peer ob s erva ti on , coach i n g, and men tori n g

beginning te ach ers in ei t h er stru ctu red or

u n s tru ctu red set ti n gs . Te ach ers also need

opportu n i ties to form stu dy groups or hold

l e s s - formal sharing session s .

Continuous learning is an active process

that will require different norms from those

that are presently operative in colleges and

in schools: norms of experimentation and

risk-taking, of trust and collegial support,

and, most relevant to science, of careful and

dedicated inquiry. Schools in which risk-

taking is encouraged will provide learning

communities for adults as well as for stu-

dents. Other learning environments that can

provide such conditions are professional

networks—collegial groups where teachers

practice, colleagues, supervisors, self-reflec-

tion on teaching, and reflection on the

learning of students in the classroom.

Teachers continually consider and con-

tribute to the advances in the knowledge

base of teaching and learning.

K N OWLEDGE FOR LIFELO N G

L E A R N I N G

From their first days con s i dering te aching as a

profe s s i on thro u gh their en ti re careers , te ach-

ers of s c i en ce devel op the skills to analy ze

t h eir learning needs and styles thro u gh sel f -

ref l ecti on and active solicitati on of feed b ack

f rom others . Th ey must have the skills to use

tools and tech n i ques for sel f - a s s e s s m ent (su ch

as journal wri ti n g, s tu dy gro u p s , and portfo-

lios) and co ll a bora tive ref l ecti on stra tegi e s

( su ch as peer coach i n g, m en tori n g, and peer

con su l ti n g ) . Te ach ers of s c i en ce should be

a ble to use the St a n d a rds and distri ct ex pect a-

ti ons to set pers onal goals and take re s pon s i-

bi l i ty for their own profe s s i onal devel opm en t .

Learning is a developmental process that

takes time and often is hard work. As does

any professional, teachers of science will

stumble, wrestle, and ponder, while realizing

that failure is a natural part of developing

new skills and understanding. However,

effective teachers know how to access

research-based resources and, when faced

with a learning need, pursue new knowledge

and skills that are based on research or

effective practice. Teachers of science need

to develop the skills to conduct research in

their classrooms on science teaching and

learning and be able to share their results

with others.
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find help, support, ideas, strategies, and

solutions to their problems. Examples

include professional science-teaching associ-

ations, state and local organizations, and

telecommunications networks. Those types

of groups provide safe and rich learning

environments in which teachers can share

resources, ask and address hard questions,

and continue to learn.

Being a lifelong learner also requires that

teachers have the resources for professional

development and the time to use them.

Such resources include access to formal and

informal courses that allow them to keep

abreast of current science, access to research

on curriculum, teaching, and assessment

found in journals and at professional meet-

ings; media and technology to access data-

bases and to analyze teaching; and opportu-

nities to observe other teachers. Conducting

formal and informal classroom-based

research is a powerful means to improve

practice. This research includes asking ques-

tions about how students learn science, try-

ing new approaches to teaching, and evalu-

ating the results in student achievement

from these approaches. Conducting such

research requires time and resources.

P ROFESSIONAL DEV E LO P M E N T

S TANDARD D:

Pro fessional deve l o p m e nt pro-

g rams for teachers of science

must be co h e re nt and inte g rate d.

Qu a l i ty pre s e rv i ce and inserv i ce

p rog rams are chara cte ri zed by

■ Clear, shared goals based on a vision

of science learning, teaching, and

teacher development congruent with

the National Science Education

Standards.

■ Integration and coordination of the

program components so that under-

standing and ability can be built over

time, reinforced continuously, and

practiced in a variety of situations.

■ Options that recognize the develop-

mental nature of teacher professional

growth and individual and group

interests, as well as the needs of

teachers who have varying degrees 

of experience, professional expertise,

and proficiency.

■ Co l l a bo ration among the pe o p l e

i nvo lved in prog ra m s, including te a c h-

e r s, teacher educato r s, teacher unions,

s c i e nt i s t s, a d m i n i s t rato r s, po l i cy mak-

e r s, m e m bers of pro fessional and sci-

e ntific org a n i z at i o n s, p a re nt s, a n d

business pe o p l e, with clear re s pe ct fo r

the pe r s pe ct i ves and ex pe rtise of each.

■ Re cognition of the histo ry, c u l t u re, a n d

o rg a n i z ation of the school env i ro n m e nt.

■ Co ntinuous prog ram assessment that

ca p t u res the pe r s pe ct i ves of all those

i nvo lve d, uses a va ri e ty of strate g i e s,

focuses on the process and effe cts of

the prog ra m , and feeds dire ct ly into

p rog ram improve m e nt and eva l u at i o n .

The professional development of teachers

is complicated: there is much for teachers of

science to know and be able to do; materials

need to be critiqued and questions need to

be researched; a variety of information and

expertise needs to be tapped; and many

individuals and institutions claim responsi-

bility for professional development.

However, for an individual teacher, prospec-

tive or practicing, professional development

too often is a random combination of

courses, conferences, research experiences,

See Program

Standard D and

System Standard D

See Program

Standard A
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workshops, networking opportunities,

internships, and mentoring relationships.

More coherence is sorely needed.

Profe s s i onal devel opm ent programs and

practi ces requ i re a focus on the vi s i on of s c i-

en ce edu c a ti on pre s en ted by the St a n d a rd s.

At ten ti on must be paid at the state , d i s tri ct ,

and co ll ege and sch ool levels to fitting the

va rious pieces of profe s s i onal devel opm en t

programs toget h er to ach i eve a com m on set

of goa l s . Pre s ervi ce program coord i n a ti on

requ i res mechanisms and stra tegies for con-

n ecting and integra ting scien ce co u rs e s , ped-

a gogy co u rs e s , and clinical ex peri en ces (i.e.,

ex peri en ces in sch ools and cl a s s room s ) . Su ch

coord i n a ti on also is needed for programs for

practicing te ach ers , who of ten face myri ad

of feri n gs by sch ool distri ct s ,i n d ivi du a l

s ch oo l s , profe s s i onal assoc i a ti on s , u n i on s ,

business and indu s try, regi onal servi ce cen-

ters , p u blishing com p a n i e s , l ocal univers i ti e s ,

n e a rby re s e a rch labora tori e s , mu s eu m s , a n d

federal and state agen c i e s .

Profe s s i onal devel opm ent opportu n i ties for

te ach ers must account for differing degrees and

forms of ex pertise repre s en ted in any gro u p,

and they must recogn i ze the natu re of qu a l i ty

ex peri en ces as de s c ri bed in standards A and B.

Programs must be de s i gn ed not just to impart

technical skill s , but to deepen and en ri ch

u n derstanding and abi l i ty. Profe s s i onal devel-

opm ent activi ties must ex tend over long peri-

ods and inclu de a ra n ge of s tra tegies to provi de

opportu n i ties for te ach ers to refine their knowl-

ed ge ,u n ders t a n d i n g, and abi l i ties con ti nu a lly.

In d ivi dual te ach ers of s c i en ce should have

the opportu n i ty to put toget h er programs for

profe s s i onal devel opm en t , as should gro u p s

of te ach ers , wh et h er form a lly con s ti tuted or

i n form a lly con n ected thro u gh com m on

n eeds and intere s t s . The many provi ders of

te ach er profe s s i onal devel opm ent activi ti e s

wi ll con ti nue to de s i gn progra m s . However,

the stron gest programs re sult from co ll a bora-

ti ons among te ach ers , devel opers (su ch as

u n ivers i ty fac u l ty, s c i en ce coord i n a tors ,a n d

te ach ers ) , and other stakeh o l ders (inclu d i n g

com mu n i ty agen c i e s ,s c i en ce - ri ch cen ters ,

s c i en ti s t s , s ch ool ad m i n i s tra tors , and bu s i-

ness and indu s try ) . Su ch co ll a bora ti on s

i n c rease co h eren ce , and they bring a wi de

va ri ety of ex pertise and re s o u rces to bear on

a set of com m on goals that are direct ly con-

n ected to the needs of te ach ers .

The su ccess of profe s s i onal devel opm en t

for practicing te ach ers is heavi ly depen den t

on the or ga n i z a ti onal dynamics of s ch oo l i n g,

su ch as a cl i m a te that permits ch a n ge and

ri s k - t a k i n g, good rel a ti onships among sch oo l

pers on n el , com mu n i c a ti on stru ctu re s , and an

a ppropri a te distri buti on of a ut h ori ty.

Profe s s i onal devel opm ent programs therefore

must invo lve ad m i n i s tra tors and other sch oo l

s t a f f . All must be com m i t ted to en su ring that

pro s pective te ach ers , n ew te ach ers , and prac-

ticing te ach ers who wish to implem ent new

i deas as part of t h eir profe s s i onal devel op-

m ent are su pported and integra ted into the

on going life of the sch oo l .

Finally, those who plan and conduct pro-

fessional development programs must con-

tinually evaluate the attainments of teachers

and the opportunities provided them to

ensure that their programs are maximally

useful for teachers.

See System

Standards A and B
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C H A N G I N G  E M P H A S E S

The National Science Education Standards envision change throughout the system. The professional

development standards encompass the following changes in emphases:

LESS EMPHASIS ON MORE EMPHASIS ON

Transmission of teaching knowledge and skills Inquiry into teaching and learning
by lectures

Learning science by lecture and reading Learning science through investigation and 
inquiry

Separation of science and teaching knowledge Integration of science and teaching knowledge

Separation of theory and practice Integration of theory and practice in school 
settings

Individual learning Collegial and collaborative learning

Fragmented, one-shot sessions Long-term coherent plans

Courses and workshops A variety of professional development activities

Reliance on external expertise Mix of internal and external expertise

Staff developers as educators Staff developers as facilitators, consultants,and 
planners 

Teacher as technician Teacher as intellectual, reflective practitioner

Teacher as consumer of knowledge about Teacher as producer of knowledge about
teaching teaching

Teacher as follower Teacher as leader

Teacher as an individual based in a classroom Teacher as a member of a collegial professional 
community

Teacher as target of change Teacher as source and facilitator of change
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