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Teachers Make
Exemplary Programs

Results from the Search for Excellence in

Science Education show how exceptional

teachers develop programs that result in
enthusiastic, active learners.

Students in Jobn | Skrocky [r s first vear pinsics class at Northwest High School, Omabea, experiment with the refraction of light m water by Pearing
a fish" factually a suspended washer in a fish tank) Until they learn the necessiny for relational adjustment, the “spear” passes above the " fish
although thetr atm appears to be perfect as they ook through the sighting tube
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eachers do make a difference
While many of us have known

that for vears, the National Sci

ence Teachers Association Search for
Excellence in Science Education has
now provided more evidence than
ever before about how teachers make
the difference. And, more imponant,
we now have extensive data about
who these teachers are, their goals,
their expectations, their strategies, and
the results thev obtain with students.
From the beginning of the Search
for Excellence, we knew that pro-

| grams being identified throughout the

nation were vastly different from tradi-
tuonal science programs. These pro-
grams offered at everv grade level a
wide varieny of content topics and
approaches to the broad feld of sci
ence. We found exemplary science
programs in large schools and small,
rich and poor, and with various ethnic

and racial compositions, They have
been well described in a varietv of
publicatons, including the 13 vol

umes of the Focus on Excellence se
ries from the National Science Teach
ers Associatnon!

Not surprisingly, we have also found |

that teachers in these programs are
unlike science teachers i general
From Iris Weiss' (1978) monumental
study of charactenistics of science
teachers throughout the United States
in 1977, we gained an exceptionally
useful baseline of teacher demograph

ic characteristics and the knowledge of |

just who the science teachers are

= |
With these data for comparison, we

administered the Weiss questionnaire
to 221 teachers who represented 50
exemplary programs as identifhed by
the Nauonal Science Teachers Associa-
tion (Bonnstetter et al 1983). Various
association members also spent 110
davs visiting 6 sites in districts that
were deemed especially exemplary
because they were selected for pro-
grams in more than one search catego-

ry. In addition, we met with another |

100 teachers of exemplary programs at
professional science teacher meetings
in various locations and at National
Science Foundation-sponsored hon-
ors workshops at the University of
lowa during the summers of 1984,
1985, and 1986 From both the con-
crete, specific data of the Weiss ques-
tionnaire and the more anecdotal data
we gained from personal meetings

Ini a terse contest that pits Campbell's Minestrone against Campbell's Consommé, phhacs

students learn abowt the conservation of energy, transiational kineric energy, and relational

kinetic energy The consommé can reaches the bottom of the ramp first, but the minestrone rolls

farther on the bortzontal plane before stopping. Swurprsed!” s the word Skerocky wses 1o
describe bis students' reactions—particrlarly those students who bave placed friendly

hets on the consommeé

from the ball bearing

with these teachers, we have compiled
a profile and description of these
teachers of exemplary programs

A Profile of the Teachers

From the questionnaire, narrativ > dara
gathered from each program, and in-
terviews with teachers, we found that

To demonstrate Newton's Third Law (the conservanon of momennum ), Serocky rolls a ball
bearing doum a ruler The ruler and the boar it s attached fo move m the oppasite direction

teachers of exemplary programs

® are older and have taught longer
than teachers in general:

® stav in the same district for most
of their careers:

® tend o have more hours and de
grees bevond the B S. than teachers in
general;
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® artend and make presentations at
professional meetings and inservices;

® lecture far less than teachers in
general;

® stress process-approach science;

® use professional journals in their
teaching,

® feel more enthusiasm for science
teaching now than when they started:

® gain inspiration from other teach-
ers, their students, professional publi-
| cations, professional meetings, and
involvement in project development
activities;

®are aware of national curricular
materials;

® feel
science

well 1o teach

qualified

|
® put in far more than minimal time; |
@ are involved in extracurricular as-
signments; and
® have high expectations for them-
selves and their students

But, while this profile may outline

| who they are, it does not adequately

Guided by teacher Sam Chattin, Scottshurg, Indiana, students worked
to the schaol by a pet store oumer The oumner found that the animal was so aggressive that be
coldn 't sell &t bt under students’ care it became extremely pentle fn abod three weeks Studenis
gane the snake an appropriate name fulius Squeezer

describe what they do. One critical
component, these teachers tell us, is
the relatively unusual set of goals they
have for the science classroom

Classroom Goals

While all teachers tell us they are

concerned with students learning the
traditional aspects of science, they see
this learning as taking place under
four broad and general goals. Interest-

with a Burmese python given

| knowledge

ingly enough, these goals match the
desired state goals outlined by Project
Synthesis (Harms and Yager 1981)

1. Students will see science as it
relates to a variety of careers, not just
the traditional careers of science,
medicine, and engineering

Rather than teaching a one-week
unit on science careers, we find teach
ers introducing careers ar various
times and in assorted ways. Some
teachers use commercially developed
materials such as Comets, others use
current events to introduce careers in
their classrooms. and manv invite
COMMUNITY FESOUrce persons 1o visit
These visitors, representing a variety
of science and science-related careers,
interact with students in debates, fo
rums, and the more traditional lec
tures. Students often go into the com
munity, surveying citizens about
science-related social issues. In the
process they learn much abour peo
ples ideas on science and social 1ssues
and identify stll other ways that indi
viduals use science in their evervday
lives

2. Students will apply thewr knowl
edge of science

Most teachers recognize that using
requires greater under
standing than mere memorizing and
repeating.  Applving knowledge re
quires, in addition, the ability to ma
nipulate ideas in new contexts. In ap
plving  knowledge, teachers in
exemplary programs have students
use their knowledge of science to offer
resolutions for problems, both physi
cal and societal, which are often iden
tified by students themselves. In iden
tifying and resolving the problems,
students must collect data, make deci
sions, test ideas, and communicate
results. A key feature is the learning
that knowledge itself is only the begin
ning; applying that knowledge is the
next step for citizens in an educated
society

In Wallingford, Connecticut, stu
dents saved their community more
than $550,000 by applying their knowl-
edge of energy gain and loss to area
school buildings. Even more money
was saved as they analyzed 18 public
buildings in Wallingford. These stu-
dents are learning that science can be
applied to resolve issues and prob-
lems that directly affect them and their
community

Enucanonar LEapersiup



3. Students will take action.

These teachers stress that while
knowledge itself is a useful goal, a
truly concerned citizen must be pre-
pared to take action. Over and over
again we have heard from teachers
that they are not content for students
merely to colleat data and write re-
ports; they want students to present
these reports in appropriate ways. We
have found numerous instances of stu-
dents giving testimony and presenting
information and ideas at school board
and city council meetings, writing let-
ters to editors, and writing articles for
general publication.

Students in Eva Kirkpatrick's physi-
cal science class in Imperial, Missouri,
collected information on a proposed
landfill in their community. Armed
with information and ideas, these stu-
dents became convinced that a landfill
did not belong in their community
Their action? Theyv took their own city
council to court. Not only did students
have to use their knowledge for proof,
they had to use community resources
such as people, libraries, and busi-
nesses. In the process they found their
knowledge stressed to the very limit
They had to learn more, and they had
1o expend far more than the usual
effort. In addition to learning a great
deal, they won their suit. These stu-
dents now have direct and personal
knowledge that few adults can claim—
vou can fight city hall and win!

Students participating in a program
entitled Energy and Us in Casper, Wyo-
ming, testified before the city council
and even in front of the hearings of a
Senate subcommittee

4 Al students will be
literate

For teachers this means having stu-
dents understand the tentative nature
of science, the man-made aspects of all
scientific knowledge, and the role of
science in society. Students gain sci-
ence literacy by being encouraged to
question facts, teachers, and authority
while developing alternative ideas and
solutions rather than by passively ac-
cepting existing ideas. Teachers in ex-
emplary programs see a need for stu-
dents and adults who recognize the
utility of science now and in the fu-
ture; who see science not as a cause
and not necessarily as a solution to all
problems, but as a way of investigat-
ing, proposing, and testing solutions

science

“Students gain
science literacy by
being encouraged
to question facts,
teachers, and
authority while
developing
alternative ideas and
solutions rather
than by passively
accepting existing
ideas.”

and ideas. As the National Academy of
Science Convocation report (1983)
stated so well, science literacy should
be a keyv goal for science education at
all levels.

In school after school, we find truly
incredible numbers of students enroll-
ing in elective science courses. At the
Porter-Gaud School in South Carolina,
students at every grade level over-
whelmingly rate science as their favor-
ite subject. In addition to its regular
phvsics courses, Omaha Northwest
High School in Nebraska now has 13
physics sections for students who are
not the usual high achievers. Many
other schools report that over half of
their students complete physics before
graduation. These students should
continue to value science in the fiture

Expectations

As might be expected, teachers in ex-
emplary programs have exemplary ex-
pectations. Theyv do not wait for some-
thing to happen; they know they have
the power and the necessity to bring it
about. These expectations, for both
themselves and their students, are the
single most important reason these
programs exist, have grown, and con-
tinue to evolve. These are not teachers
with an interest in the status quo—

they approach teaching as they would

science. In doing so, they analyze,
suggest new alternatives, and test and
evaluate. constantly looking for the
most effective strategies, materials, and
ideas. Following are some of their
expectations.

1. They wani the best curriculum for
thetwr students

So does evervone. But these teach-
ers realize that the best curriculum for
their particular situation might not be
readily available on the shelf of their
bookstore. They know that to have the
best they must analyze their needs,
their students, and themselves. They
know that only the best raw materials
will work. In this case, the best raw
materials may include community
resource persons. commercially avail-
able materials; the ideas and inspira-
uon of science supervisors, adminis-
trators, students, and other teachers;
and the influence of professional sci-
ence teacher associations. These
teachers know that excellence is not
accidental: it is something they must
strive for, gain, and nurture with great
effort and diligence.

2 Students can succeed at scierce

With science literacy as a significant
goal, these teacher-developers know
that they must develop programs for
all students, not just the elite few who
are traditionally served And, at the
same time, thev want to enhance the
success of those same elite science-
oriented students who are often said
to0 learn in spite of us. Providing such
success becomes a function of the
interaction of curriculum, teacher, and
students, requiring  considerable
knowledge and expertise on the part
of the teacher

We found teachers seriously study-
ing cognitive psvchology, topics in sci-
ence, and other outstanding school
science programs. As a result, we not-
ed a variery of new and innovative
programs coming into being. For ex-
ample, while Henry Gunn High
School in Palo Alto, California, has the
most  successful advanced physics
course in the nation as measured by
success on advanced placement ex-
ams, it also has two lower-level phys.
ics courses, one of which is almost
nonquantitative and designed for stu-
dents who would not normally take
physics. At Omaha Northwest High
School, those relativelv average stu-
dents filling 13 sections of physics
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learn concepts of physics to which
they would normally not be exposed
In Fort Lauderdale, Florida, we found
primary-level students pursuing inquiry,
studying how learning takes place, and
teaching a chicken some small skills.
Teachers in these schools know that
students have grear capacity if presented
with the right learning environment.

3. Students will question facts,
teachers, and knowledge

An inherent part of science is ques-
tioning—not just the questioning that
seeks ordinary answers, but question-
ing that includes healthy skepticism, a
seeking of evidence to justify explana-
tions. While most students are encour-
aged to question facts, few persevere
to the extent of questioning teachers,
patterns of learning, and societal im-
plications. The Contemporary Issues
in Science program in New York actu-
ally provides a forum with communiry
leaders designed just for this purpose
Other programs, such as Energy and
Us in Casper. Wyoming, encourage
students to formulate questions and
seek answers in the commupity itself
In the process, students confe fRe-to-
face with adult ideas, motivations, and
logic. Often students are surprised by
this logic, or the perceived lack of it

4 Students need stimulating enui-
ronments for learning

Teachers go out of their way to
create challenging environments In
Scottsburg, Indiana, students can look
up to see snakes climbing around tree
branches suspended from the ceiling.
At Clarkstown South High School in
West Nvack, New York. students are
sumulated by an ongoing debate be-
tween their wo teachers, an anthro-
pologist and a biologist, over which is
the superior discipline for explaining
the nature of man and societv

At Wausau West High School in Wis-
consin, general science students at
tend a large-group lecture once a
week at which science faculty mem-
bers dress in stereorypical costumes
representing environmentalists, law-
yers, construction workers, and oth-
ers. As the lecture unfolds, these teach-
er-actors play a defnite, though

stereotypical, role that leads to the |

presentation of a variety of viewpoints
Here, teachers recognize that a stimu-
lating environment captures students
imagination, producing a willingness
and an eagerness to learn.

5. Students must make decisions
and take action

While learning science might be an
adequate goal to an ordinary teacher,
teachers of exemplary programs insist
that the ultimate goal for an informed
citizen is decision making and action
Yet, in most classrooms students make
few decisions beyond the trivial, and
lirle room exists for meaningful ac-
ton. If a classroom is truly to be the
traming ground for adult society and
citizenship, however, students must
learn the skills necessary to function in
sociery and produce changes benefi-
cal to all In Imperial, Missouri, stu-
dents made critical decisions and ook
Serious action in suing their city coun-
cil over the location of the proposed
landfll, while at Scousburg Jurior
High School, students make difficult
decisions about how to best preserve
the lives of injured wild animals. At the
Houston School for the Health Sci-
ences in Texas, students work closely
with health professionals and witness
life-and-death decisions on a daily ba-
sis. Even in that primary school in Fort
Lauderdale, students decide what to
teach their chicken as well as how o
do it Bur they dont stop with just

“While only about
10 percent of all
science teachers
belong to a
professional science
teachers’ association,
an amazing 46
percent of
exemplary teachers
have actually made
presentations at

meetings of such
associations.”

formulating the “how to," they actual-
Iy do 11, testing the results and gather-
ing evidence to prove in fact that it has
happened.

At Toledo High School in Quil-
scene, Oregon, students designed a
solar home that the trades class pro-
ceeded to build The home economics
class designed and installed appropri-
ate interior decorations for the ener
gy-efficient scenario. The end result
here is quite real, they knew they
would have o sell the house when
they were finished. These are not triv
ial decisions, but decisions that each
and everv student must live with

6. Teachers will be very professional

While only about 10 percent of all
science teachers belong 1o a profes
sional science teachers’ association, an
amazing 46 percent of exemplary
teachers have actually made presenta
tions at meetings of such associations
And, although these teachers are at the
top of their salary scale, they continue
taking courses for college credit Pro
fessional activism and interest in con-
tinued learning combined with signifi
cant reading of professional journals
give these teachers a sound knowl
edge base and successful models for
inspiring, developing, and evolving
exemplary programs. These teachers
view themselves as learners, not mere
ly transmitters of knowledge

7 Teachers must develop their oun
programs

Over and over again, from large
schools to small, from single reachers
to entire school districts, the action is
the same. Beginning with a commer-
cial text, programs evolve purposely
until they virtually become a locally
developed and oriented curriculum
In the process, the text becomes less
and less central and more and more
supplemental to the curriculum as a
whole. While this takes considerable
tume (often vears), teachers and devel-
opers seem to work steadfastly toward
a vision of excellence that they know
they can produce

Instructional Strategies

Exemplary teachers do more than just
set goals and expectations; they have
carefully analvzed where they want to
be and where they are, developing
means of moving their students and
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programs to new levels of achieve-
ment. Their instructional strategies arc
consistent, comprehensive, and effec-
tive. And, interestingly enough, these
strategies have a number of common
elements across all of the exemplary
programs we have visited. These strat-
egies include:

1 Science materials play a key role

Hands-on science is a daily occur-
rence in these exemplary programs.
While they don't always have true lab-
oratory activities for the entire class
period, almost  without exception
these teachers at every grade level
have some nvpe of hands-on activity
each dav They tell us that students are
far more interested in the laboratory
aspects of their courses, and they use
this motivation to propel students into
reading, discussing, writing, and look-
g seriously at issues. By doing so,
students have more concrete exper-
ences to which thev can relate and
plenty of opportunities to test their
own creatvity and ideas while inter-
acuing  with  fellow  smudents.  And
‘hands-on”™ does not mean just test
tubes; it also means designing survevs
for use in the community, manipulat-
ing ideas as well as objects, and being
deeply involved in their own personal
studies.

2 Teachers encourdge applications
of student knowledge

Almost without exception, teachers
in these exemplary programs tell us
they are not content for students to
merely know: they want students o
use their knowledge actively to re-
solve problems they have identified. At
Scott High School in Madison, West
Virginia, students drew on their
knowledge of environmental aware-
ness in biology to create a series of
nature trails near the school. Now,
these trails are used by students of
different age levels from a variety of
schools. At Toledo High School in
Oregon, remember, students not only
designed an energv-efficient house,
they built it!

Potenuial for application of science
concepts is endless w' 2n teachers
look beyvond the science classroom
iself into the community and the
world of ideas beyond

3. Flexibility counts above all

Teachers consistently speak of the
need to remain flexible, taking advan-
tage of incidents, phenomena, and is-

sues when thev arise. In the human
ecology program at Brandywine High
School in Delaware, students work in
local human service agencies, finding
out about the community directly. To
take advantage of this, teachers must
be prepared for whatever might hap-
pen in the agency in a given week
While teachers have a written curricu-
lum, they use it more as a framework
than a guide In the Topics in Applied
Science course in Jefferson County,
Colorado, for example, students ana-
lyze the water supply of the Denver
area at a discreet time during the
program. When water becomes a topic
of public interest during other parns of
the program, students return to past
studies, relearning cerain  aspects
about water distribution and remem-
bering prior discussions

Students who have flexible teachers
become flexible themselves and soon
recognize that being a scientist re-
quires the ability to take advantage of
the moment without losing sight of the
past or the future

4. Questions are motiwators, 1ot
exammanons

Students who are mouvated by their
own interest and by their success at
learning are far more likely to contrib-
ute both as students and as adults and
to continue learning science. Ques-
tions are not onlv pursued by the
teacher but by the students, and ques-
tions and answers become the domain
of both. At Henry Gunn High School in
Palo Alto, Art Farmer gives no written
exams in his qualitative physics class
Students are questioned orallv until
they answer enough questions cor-
rectly for him to give them a positive
grade. His students regard oral evalua-
tions as fun, and he complains of
having to chase swudents from the
classroom.

Sometimes questions can be used
when discussing current events, as at
South Rowan High School in China
Grove, North Carolina, where Dorothy
Helms thinks nothing of dropping the
present topic in chemistrv to study
whatever news event seems to have a
strong relationship to chemistry. As
students identifv questions they find
exciting, she helps them find answers
by bringing in outside resource per-
sons and ideas and, most imponant, by

“What more can
we ask for than to
have to chase our
students out of the
classroom because
they wish to
continue
questioning and
learning scienc¢?”

High School in Bevard County, Flori-
da, students in the science research
program are often given kevs to the
school because they refuse w0 go
home at night What more can we ask
for than to have to chase our students
out of the classroom because they
wisli o continue questioning and
learning science?

S. Students do the work

As Harrv Wong has so aptly pur i,
“Why not let the workers do the
work?” These teachers are doing ex-
actly that. When vou enter their class-
rooms, vou find teachers acting in a
SUPEIVISOry, management. resource-
person role while students are busilv
doing the work of learming At the
Kampswille Archeological Center in 11-
linois, in classrooms in Sunburst, Mon-
tana; or in the Rochester, New York,
Community School District. we find
teachers who have fgured out how 10
get students to do the work. When
students do the work. they also do the
learming. And these teachers’ strategy
is relatively simple, Thev have wavs to
make the work palatable, relevant, and
suited to the needs, interests, and per-
spectives of students. Teachers are
now committed less to teaching as we
have always known it and more to
creating an environment where learn-
ing can take place. Such a learning

giving them opportunities to pursue
answers on their own. At Merritt Island |

environment requires a high level of
trust, rich resources, ume for thinking
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“These teachers are
the antithesis of
burnout and perfect
examples of
excitement,
enthusiasm, and
professionalism.”

as well as action, and an independence
of thought on the part of students
When these elements are in place,
according to teachers in these exem-
plary programs, you can't stop the
students from working and learning.

6. Teachers are models of active
inquiry

If we want students to pursue ideas
actively, question knowledge, and pro-
pose new solutions, teachers must do
the same. That is exactly what we find
in these innovative programs. The
teachers continue to question, to
learn, and to develop their own ideas
as well as themselves. And they don't
hide it from their students. When
Wayne Browning and Albert Orlando
of Clarkstown South High School in
West Nyack, New York, spend their
lunch periods arguing about the in-
nate superiority of biology or anthro-
pology, students realize this is an hon-
est intellectual debate.

When teachers at Wausau West High
School play their stereotypical roles
for the large-group general science
class, students once again get to see
teachers debating issues, questioning,
and indicating some fixed patterns of
thinking. But, at the same time, others
are questioning that. When Dave Tuck-
er teaches about alcoholism in his
chemistry class in Deming, Washing-
ton, he doesn't purport to know every-
thing about it. He, like his students,
must research and investigate to find
the answers. As Elizabeth Horsch and
Roxie Deever let students choose a

topic to study in their Energy and Us
program in Casper, Wyoming, they
don't steer students only in a direction
in which they are already knowledge-
able. They are quite confident that no
matter what area students choose, they
are just as competent as their students
at studying, learning, and developing
new knowledge about the area. And,
not surprisingly, students respond
quite well to this

Results

With these unusual goals, high expec-
tations, and clearly defined strateg-
ies, it is not unexpected that these
exemplary teachers obtain rather phe-
nomenal results. Westinghouse Sci-
ence Talent Search winners abound,
International Science and Engineering
Fair finalists number in the dozens,
scholarship recipients are numerous,
and science fair projects are most rig-
orous and unusual But the true result
of these programs is not easily mea-
sured by such classical academic per-
formance, for although many of these
students will go to college, only a few
will become scientists or even major
in a science area

The most important result is devel-
oping a population of citizens who are
scientifically literate—citizens who un-
derstand the tentative nature of sci-
ence, the man-made nature of science,
and science as a way of looking at life
and problems. These are students who
are quite comfortable applying sci-
ence to problems around them and
have no difficulty meshing science
with society in a positive and useful
way. At the same time, they are in a
position to appreciate more theoreti-
cal aspects of science and possibilities
that might never be reality

These science-literate students are
exactly the types of citizens we need if
we are to maintain a free and rational
society capable of using intelligence,
accumulated knowledge, and commu-
nity resources to focus on and resolve
issues and societal problems.

Equally important as a result is a
cadre of teachers who look forward o
Monday morning, who want to be with
their students, and who realize the
true nature of teaching and learning.
These teachers are the antithesis of
burnout and perfect examples of ex-
citement, enthusiasm, and profession-
alism. Although 25 percent of all sci-

ence teachers polled by the National
Science Teachers Association said they
would leave teaching if they could do
anything else, more than 80 percent of
the teachers in these exemplary pro-
grams indicated that their level of en-
thusiasm for teaching is higher now
than it was when they began teaching
an average of 16 years ago

These are the kinds of teachers we
need now and in the future if our
schools are to remain successful and
become all they can be for our stu-
dents and for our citizens (]

1. The 13 volumes of the Focus on
Excellence series are entitled Earth Scr-
ence, Elementary Scienice, Inguiry, Physics,
Biology. Chemistry, Science in Middle/Jurn-
tor High, Physical Science, Science/Tech
nology/Society, Energy Education, Centers
of Excellence Portravals of Six Districts,
Exemplary Programs in Physics, Chemisry.
Biology, and Earth Science. and Science in
Non-School Settings Thev are available
from the Nauonal Saience Teachers Associ-
ation, 1742 Connecticut Ave, NW., Wash
mgton, DC 20009
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