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Preface

Careers and
Science Education:
Where Are We?
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Y- iching specifically about careers has offen been
relegated to a special brief unit or a single day when

. students are “exposed” to a variety of options. ihiey
inay research a career, make reports; or even read a book or
«wo. Sometimes they take preference tests, and perhaps
receive_job counseling. But in most of the schools and
classes | hear about, career education, served up with little
or no direction or guidance by the teacher, is for those
students who plan to enter the labor market after high
school, while those going on to college are merely encour-
aged to study more. Science teachers have science careers
in mind for some of their students, but they define them

verynmarrowly.
I'once traveled nearly 2,000 miles visiting high schools in

one state. At each of the 30 high schools I visited I spoke
with science teachers about career education. Without fail,

the teachers mentioned careers: careers in medicine, engi-
necring; and science. Most teachers had stories about stu-

dents returning as successful physicians; about the fine
engineers students had become; abotit the research they

were conducting. These teachers were very enthusiastic
about their students going on to become scientists..

__Urlortunately, most of their students didn’t become
scientists. And as far as [ could tell, the careers employing
95 percent of these schools’ graduates, where science might

be useful, were almost never mentioned. Most glaring of
all, not a single teacher I interviewed suggested science

teaching as a career option for students. Each time I would
suggest science teaching, teachers would add it to the list,

although sometimes reluctantly. I was severely disappointed.
So, with that introduction to careers education in science,

I truly looked forward to The Search for Excellerice in

Science Teaching and Career Awareness; one of a series of

Association with the National Science Supervisors .Associa-

tion and the Council of State Science Supervisors.,

~ The NSTA Search for Excellence in Science Education
began with a Project Synthesis effort which analyzed more
than 2,000 pages of information from three National Science

Foundation reports and the National Assessment of Educa-

tional Progress. After careful analysis of all this data; the 23
Project Synthesis researchers developed a synthesis of a
desired state for each of the various areas within science.
These desired state criteria ultimately led to the first Search
for Excellence, in 1982, reported in Volume I of the Focus On
Excellence series: S ) o
_ Volume 2 and later volumes have arisen from criteria
developed by NSTA committees especially appointed for
these tasks. Goals and criteria for this search were devel-
oped by Walter Smith and the NSTA Task Force on Defin-
ing Excellence in Science Teaching and Career Awareness,
They present their criteria in chapter 1 o. this Focus On
Excellerice volume, o
Using the criteria developed by the task force, leading
science educators in each state identified outstanding career
programs in that state. State nominations were submitted
to the task force for consideration at the national level. To

aid in the selection process, nominees provided detailed

information on the nature and demographics of their schools
and the outcomes of their programs. These descriptions

form the basis for the chapters of the present volume.

.
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While only five exemplary programs have been named, |
am confident that this Search for Excellence will cause

other teachers, administrators, and schools to look at the
career education component of their own systems, and find

avenues of change leading to greater career awareness on
the part of their studernits. These five programs approach
career education in differenc ways, but all have consider-
able success with their students: . o
__ We hope these descriptions of actual programs will bring
the task force’s desired state to life for yotir school and your

students. These program descriptions make it clear that

size of school or type of student or budgeted dollars neither
make nor break a career education program. Other ele-

RIC
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ments mat:er a great deal, but the teacher is the key factor
in every program. These teachers are willing to try some-
thing new; they're confident about their abilities; and they
look first of all to their clients;, the students.

While all of these programs are innovative and exem-
plary in some way, they are only a few of the many excel-
lent programs that must exist. We hope that through this
search and report other excellent programs will be stimu-
lated to identify themselves, while good programs will
become even better. We look forward to reading about
your program in the next volume of Forus On Excellence.

—John E. Penick



Y )roject Synthesis, reported in Volume 3 of NSTA’s
PWhnt Research Says to the Sciente Teacher (Harms and Yager,

Fgrewgrd L 1981), affirmed four goal areas for science instraction:
sciefice for acadenmiic success, science for meeting personal
(daily) needs, stience for resolving societal problems, and

science for career awareness:

I h e S earc h f OYX  NSTA= Search for Excellence in Science Education (SESE);
- _ an outgrowth of Project Synthesis, has attempted, first, tc
-~ e o~ & describe excellence in various areas of scierice education
Exce ence 1n and, second; to identify school programs that exemplify
- many or all of the characteristics of excellence. .
C _.° ... L * - After having identified excellent programs in areas such
Sclence Teac lng as_elementary science and high school chemistry, in 1983
hetminh NSTA turned its attention to a SESE search in the ar=a of
. : : science and career awareness by appointing a task force
and i 7areer composed of LeRoy Lee of Madison, Wisconsin, Walter
" Purdy of Washington, D. C;; Douglas Seager of Fairpoii,
A S New York, and Iris Weiss of Chapel Hill, North Carolina,
AW areness and chaired by Walter Smith of Lawrence, Kansas. The
task force, working entirely by phone and mail, started by
generating criteria of excellence in the areas of program

goals, currictilum, instruction, evaluation, and teachers.
A one-page list of criteria_(see Figure 1) which went
through several revisions by the task force during 1983-'84
and a brief synopsis of these criteria (see Figure 2) were
circulated by various media in fall 1984 as part of a call for
nominationis of exemplary programs. The task force elabo-
rated on the criteria in a third document, which appears
here as chapter 1, for use by people considering nomina-

tions and in the selection pracess. Eleven programs were
nominated in mid-1985 by state SESE committees; and five

exemplary programs—which are described here in chapters
2 through 6—were selected by the task force, announced as

the exemplars in fall 1985, and given official recognition at
the NSTA National Convention in San Francisco in spring
1986. o

—Walter S. Smith

Reference S -
Harms, N. & Yager, R. (1981). What research says to the scienice

teacher (Vol: 3): Washington, DC: National Science Teachers
Association

6 : 8




The Goals of exemplary science teaching/career aware.iess

programs are.to produce students who . :

¢ Understand that science is applied on the job not just by
scientists, technologists, and related workers, but by all
paid and unpaid workers in every field, and that today’s

citizens must master at least basic life and physical science
principles in order to function successfully in an increas-
ingly technicalword o

® Understand that the interests and abilities needed for
success in all careers exist within all groups, regardless of
gerider, race, creed, nationality, or handicapping condi-
tions which formerly limited career entry

® Canin make appropriate personal, societal, and on-the-job

decisions which apply scientific concepts and processes

® Exhibit such essential personal attributes and interper-
sonal skills as the ability to reach consensus

® Can find information _about various science-related

interests and aptitudes, and act on the conclusions they

reach.

The Curriciiliirti of an exemplary science teaching/career
awareness program e
® Includes in its regular science courses exzmples of the
way scientific principles are applied on the job, in the
home, and in the community o o
® Provides interactions between students and role models,

including people from a range of jobs and. educational
backgroiinds, representing both genders and all races; to
demonstrate how science is used by all ,

® Informs students about the education and experience

needed for careers which build.on scicnce skills, and
teaches them how to acquire further career information
® Integrates science instruction with other subjects so stui-
dents can see how science skills are used

to impart information to students

Figure 1. Excellence in Science Teaching and Career Awareness

The Instruction in exemplary science teaching/career aware-

ness programs ) .

® Engages students individually and cooperatively in hands-
on science activities related to careers S

e Uses individual and community resources for tecinologi-
cal updates and career information o

¢ Includes a range of learning strategies, levels of difficulty,
and types of rewards appropriate for the diversity of
students

The Evaluation in exemplary science teaching/career aware-
ness programs ) ,
® Reflects the sighificanice of career awareness in science

instruction and is an ongoing, integral part of the program.

® Includes a variety of evaluation procedures so that affec-
tive and cognitive gains may be assessed; students are
helped to make career decisions; and data may be used to

make program changes .
® Is reported to and used by students, parents, colleagues,
administrators, and the community

The Teachers in exemplary science teachingicareer aware-

ness programs . . ) ) .

® Achieve siiccess in meeting the above criteria, and kr.ow
that their performance will be taken into account in their
job evaluation . : .

® Know about science career applications; draw from their
own hobbies or work experience to teach about them,

and share their enthusiasm witii students
® Participate in ongring inservice trainirg which updates
and broadens their science career awareness and abilicy

® Career awareness is infused into the teaching of science
throughout the school years so that students learn about

practical applications of the scientific principles they are
studying 2nd about entry and progression requirements
_ in the many careers which apply science. = = _
® Students learn that science is applied in virtually all
careers, net just by scientists, engineers, physicians; and
. others traditicrally associated with science. ]
® Students learn that science-related careers are not limited
by gender, race, creed, nationality, phiysical disability, or

any other characteristics which formerly have limited
pursuit of science careers.

Figure 2. Synopsis of Criteria for Identifying Exemplars of Excellence in Science Teaching and Caieer Awareness

® Instruction draws on community resources for technical
updates and career information, and frequently provides
for and engages students in hands-on activities related to
science careers: o

® Evaluation of students, teachers, and the school’s science
program reflects the importance of science career

_ adwareness. o o

@ Teachers continuaally improve their knowledge of applica-

tions of science in careers and enthusiactically share this
information with students.

ERIC
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Chapter 1
Excellence in
Science Teaching
and Career
Awareness

LeRoy Lee _
Walter Purdy
Douglas Seager
Walter Smith
Iris Weiss

Y hat’s the use of léarning science?” students ask.
Wl’arents are concerned, and sometimes confused,
o] about the science couorses their children take:
Policymakers debate which courses ought to be required
for graduation. All these concerns demonstrate the need to

define science’s place in the school curriculum:

~ One rationale for teaching and learning science; as Ben-
jamin Franklin told the colonists and John Dewey reminded
our grandparents, is that science is practical. Aspects of

science figure in virtually all careers; as well as in the home
and community. Science must be given a central place in
our universal education, in a manner whick highlights its
applications and informs studenits about those careers—
virtuaily all careers—where science plays a role:

_ Project Synthesis, which has guided the Search for Excel-
lence in Science Education, recognized the crucial impor-

tance of career awareness. This particular SESE search

focused on finding those exemplary science programs in
which career awareness is thoroughly infused into science
education: o o
Some glimpses of science instruction may illuminate what
we iooked for in an exemplary program.
In a seventh grade classroom where students are
studying chemistry, a woman fron the scil conserva-
tion agency helps them use the decanted liquid from
chopped, boiled red cabbage to measure the pt! of

common household materials and soil. The soil con-

servationist—who 's only one of several career people
to have taken part in this science course—tells stu-
dents about how she uses pH in her job, and adds

other interesting details about her owri career:

A chemistry/physics teacher attends a riuclear energy
workshop planned jointly by the regional electric
power company, his state science teachers society,
and the state department of education. Subsequently
he works onie surmmier for the electric company. Then,
in his teaching unit on atomic partirles, he informs
students about how those ideas are applied in the
electr.c power industry and about the science-related
jobs he observed.

After third graders have studied about weather and
operated their own siraple weather staiion, the unit
test asks them to describe how a farmer might apply

what they now know about predicting weather: They
are prepared to answer.

Using the Labor Department’s Exploring Careers and
other resources, students in an eighth grade general
science class collect information about sciencr skills
needed in various careers and about the science offer-
ings of the local high schuol. In an atmosphere en-

couraging continued science study for all, students
decide on courses they want to take in their high
school ycars.

The key concepts in our criteria;, which we found actualized
to various degrees in the various exemplary programs, are:
infusion, life applications, inclusion of all careers, equity,
K-12 integratiors;; meaningful evaluation; community in-

volvement, and continuing education for teachers.

10
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Infusi n ] )

_“Science teaching and career awareness” must be under-
stood to mean that career awareness is integrated through-
out science instruction rather than added to it. While there
is a proper place in the school’s program for career days;
career counselors, interest tests, and the like, a school hav-
ing an excellent prograin in science and career awareness

must also have a coordinated career program built into
each course. In excellent programs in science and career
awareness, science teachers consistently relate the ideas
tney present to their applications on the job and in the
home and community: Students learn about these applica-
tions as they master science objectives in the cognitive
domain. By seeing that science is personally practical what-

ever their intended career; they achieve equally important
science objectives in the affective domuin:

_ When career awareness permeates science instruction;
students are motivated to learn the science being presented
because they see its uses :n the real world; learn about
science applications (as opposed to or in addition to science
theory); and are informed about career options.

\pplications 7 o
Stodents enrolled in exemplary programs of science
teaching and career awareness fee! they are mastering skills

which have potential usefulness in their life and work. For
example, when studying abotit atomic structure, students
should come to understand that this information is used by

professional scientists and technologists; but also_ by people
in quite different walks of life. An English professor; for
example, should know enough to use an organic solvent,
rather than water, to remove a grease spot from her coat:

These exemplary programs do not exclude any theory
just because it does riot currently have clear applications.
Some ideas are elegant simply because they help us frame
an understanding of the natural world: For example; the
search for fundamental particles of matter—earth; air, fire,
water, atoms, protons, quarks, or whatever is emphasized

at a given time—provides students a conceptual framework
for thinking about diverse, complex objects as all deriving

from som:> common denominator. One nineteenth century
physicist, when asked for examples of practical uses of elec-
tricity; was correct in responding; “Of what use is a new-
born baby?” o

__An _exemplary program may teach theory—even em-
phasize theory more than application in some instances-=
because that theory opens students’ thinking to new ways
of looking at the world. However, in all cases, exemplary
programs richly intersperse application with theory, and

students master objectives dealing with both.

All Careers )

_ The phrase, “science-related careers,” may severely re-
strict our view of the careers for which science study seems
appropriate: Children as young as preschoolers car. describe
scier:tists. They wear white coats, work in iabs with com-
plek apparatus and smelly chemiicals;, and azt “weird:” This
mental image serves to Siei#otype science instiuction as
something for the minority plarning “scienice-relsted

careers” such as researcher, engineer, or physician. Some
scierce may be prescribed for all thzse who plan on college,
but huge numbers of students are still left out. If a student

10

plans to be a lawyer, salesperson,.mechanic, hairdresser, or
police officer; or does not have specific career plans, but has
ruled out the so-called “science-related careers;” then she or
he may assume that science instruction is not necessary.
_The true scope of science i§ broader than that dated
image. Indeed, all—yes, all—zareers apply science in some
way. And even if mastery of science skills is not a major
requirement for success in a particular field, having gained
that mastery will enhance a person’s career pursuit. A fur-
nace repairer; for example, can be ignorant of density and

still do the job in a rote fasiion; but he or she could do a
better job of problem solving a faulty heating system—and
perhaps even hold a distinct edge over the competitors—by
knowing that the density of water is affected by tempera-
ture, so that warm water tends to float on cold.

Exemplary programs in scienice teaching and career aware-
ness give students the message that scienice is app'icable in

some way. and to some degree in_all careers. Students
express this understanding by enrolling in elective science
courses. The available science courses may or may not be

differentiated into “tracks”; but however the program is
structured, it emphasizes science’s applications across all
careers, for paid and unpaid workers, as well as in the home

and the community:

Equity

Although the situation is gradually changing, certain
careers—including those identified as “science-related”—
have been pursued only in small numbers by women, cer-
tain minorities, and people with handicapping conditions.

The reasons for this underrepresentation are diverse, bat
the sitiiation is correctible. Exemplary programs in science
teaching and career awareriess make special efforts to ensure
that these heretofore underrepresented groups are not
excluded and, ideally, actively recruit these students to
science study. Their success is reflected in enrollment pat-
terns which show young women, minorities, and the hand-

icapped in elective science courses in the same or nearly the
same proportions as in the school’s population.

K-12 Integration - ] o
Career awareness is appropriate throughout the K=12

grade range, although particular activities will vary depen-

ding on grade level. Exemplary programs in science teaching
and career awareness plan and carry out science instruction
from kindergarten through high school, with career aware-

ness infused into science instruction throughout the grades:
A first grader may visit a bakery and see that little gas
bubbles expand to make bread rise. Then the sam = young-
ster might return as a senior physics stiiderit to measiire
this volumetric change and relate it to temperatare: What-
ever the activity, the exemplary program consciously plans
science instruction for grades K~12 to include science appli-

cations and career awareness:

Evaluation 7 ]
The pervasive integration of career awareness into science
instructior. is demonstrated not only by its inclusior: across
*he grades, but also by its appearaice in all aspects of
instruction, including evaluation. Exemplary programs go
beyond merely exposing students to career applications.

They also demcnstrate the importance of these applications

11
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by evaluating students to be sure they have understood
them. Moreover, these test results, along with interest

tests and other measures, are used throughout the grades
to help students in their career decision making process.
Finally, exemplary programs use these test results, along
with other mformatlon, in evaluating the overall science

program and in making improvements:

Commiunity

Where science teachmg emphasnzes science appllcatlons,
and mastering science in order to do well in careers, the
community . plays two important roles. First, community

members; through some mechanism such as an advisory
council, help the school plan science programs. This plan-
ning may take place at a system-wide level or between 2

single teacher and key commumty members. The point is
that communily members are involved in planmng the
science program.

Second, commuiiity meinbers take part in science in-

struction. For example, they may serve as classroom vis-

itors who demonstrate applicatinns of what the students
are studying. They may alco serve as hosts for individual or
group visits to the workplace; again to demonstrate scierice’s

applications and to inform students about careers: One of
the many possible mechanisms for enabling this coopera-
tion is the “adopt-a-school” model, in which a business
establishment or industry agrees to work with a particular
school’s science program.

oy
QY

.|
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In the worst case, science instruction can wear an aura of
unreality, and appear distant from any future that students
can imagine: But an exemplary program’s involvement of

the community brings the adult world into the science pro-

gram, helping to shape what is taught and exposing stu-

derits to real people who use scierice.

Continuing Education

As has been pointed_out consistently, most recently by
the various reports which have proliferated in the 80s;
teachers are the key to the success of science instruction.
Among other characteristics, successful teachers have a

firm grasp of their subject and the ability to convey infor-

mation to students.
~ Siich kiiowledge can be initiated in college courses pnor
to entering teaching, but it must be updated through con-

tinued education ana—probaﬁly more important—through
the teacher’s firsthand experience at one or more worksites
where science principles are beinig applied. Information nay

be obtained through field trips, professional meetings, or
journals and other media. However, beyond this introduc-
tion, teachers need extended pald or voluntary experience—
probably of at least one summer’s duration—observing and

taking part in work activities where the science Prmtnples
they teach are being applied. The faculty of exemplary pro-
grams have had such exverience, and apply the results of

this experience in their instruction.

11



Chapter 2

A Nationally
Validated Middle
School Science
Career Awareness
Program

Susan Leach =

Jones Middle School =~

Upper Arlington City School District
1950 N. Mallway ___

Upper Arlington, OH 43221

pper Arlington, a city of more than 35,000 residents;
l | is located in central Ohio, riext to metropolitan
- &&/. Columbus. The great majority of its 10,850 house-
holds do not currently have children enrolled in school. The
community is economically stable and ethnicaliy homoge-
neous, with an average family income of $34,000 per year
and an average per capita income of $14,500:
_ According to the 1980 census, the occupations of Upper
Arlington residents 16 years and older were 54 percent
managerial and professional; 33 percent technical, sales,
and administrative support; 8 percent manual labor; and 5
percent service. Ninety-five percent of the population were
high school graduates; and 52 percent had completed four
or more years of college. . _. :
__Serving this community, the Upper Arlington City School
District has four elementary schools (K-=5), two middle
schools (Hastings and Jones, 6-8), and one high school,
(9-12) totalling about 5,100 students. In 1984 the district’s
budget allowed for expenditures of $3,356 per student, of
which 74:23 percent came from local taxation, 22.01 percent
from the state; and 3.76 percent from other sources:
Stadents ) B ,
_The majority of students in Upper Arlington plan to
continue on to college or university after graduation, and
85-90 percent of most graduating classes do in fact enroll in
some form of higher education. As the educational inter-

tions of the students indicate, most plan to prepare for

employment in professionial areas. Especially significant

interest areas include business and commerce (22%); health
professions (15%); social sciences (129%); engineering_(7%);
fine and applied arts (7%); communications (5%); and edu-
cation (5%). Computer and information scierices have re-
cently attracted growing student interest; both as a distinct
occupational area and as one with potential applications for
other areas:

Program Goals

. The reasons for developing a career infusion program in
the science classes of the Upper Arlington Middle Schools
are well explained by the schools’ philosophy statement:

We believe our overriding purpose as a middle school is

to create and sustain a learning environment that meets

the needs of pre- and early-adolescents of Upper Arling-

ton. Specifically, the school shoud

® speak meaningfully to the unique needs of each studert

® ensure success for each student . o

® evolve from the elementary self-contained classroom
to the departmentalized program of the high school

® be staffed by persons chosen for their ability to be
flexible and creative in their teaching methods, and
who enthusiastically wish to teach this group of stu-

_ dents over all other groups =~ =~

® be marked by organizational diversity that accomo-
dates, rather than dictates, particular styles of teach-
ing and learning o ) :

® provide a diverse curriculum with active involvement
by students in subjects perceived to be useful and
related to personal interests -

® provide co-curricular opportunities which support the
curricular program and which encourage creativity
and exploration
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® teach basic skills and understandings in order for the

student to become a self-reliant and productive member

of society

® sustain a climate of vitality and compassion where
students feel secure and supported when they en-
counter difficulties.

e work actively with parents and the conmumty at

large in a coordinated and concerned effort to develop
the whole child—physically, intellectually, socially,
emotionally, and morally

® foster those skills and attitudes toward llvmg and citi-

zenshxp that will permit a life of personal satisfaction
and civic and social responsibility

The Board of Eduication, administration, faculty, parents,
and community place significant emphasis on providing

youth with the skills; attitudes, and knowledge young peo-
ple need to become successful adults. As a result of this
concern, career education infusion has become an impor-
tant focus for the district’s science curricultm.

Resources

_ The conceptual framework for the career education pro-
gram in Upper Arlington has_been the Ohio Model for
Career Education. The Upper Arhngton Career Education

Director and her staff develop many career education activ-
ities. A teacher-developed curriculum guide provides career
resotirce information. Many of theé activities that are used
by the Upper Arlington mlddle schools are teacher-

developed. The district has.a close affiliation with ©hio
State University and uses other nearby institutions as edu-
cational resources. Parents, community businesses, agen-

cies; and civic organizations are also our partners in
education.

The seventh grade life scienice course focuses on plant

and animal life and their mterdependence In eighth grade

earth science students study astronomy; geology; meteorol-
ogy, and oceanography. Science objectives are based upon
processes and concepts related to the various science topics

being taught: the processes of observing, cla551fy|ng, meas-

uring, communicating; inferring; predicting; questioning;

hypothesizing, experimenting, processing and interpreting
data, and formulating models; and the concepts of cause-

effect, change; cycle; energy, matter; equilibrium, evolu-
tion, force, model, pattern, crganism, and probability.
Stierice textbook selection occiirs on a five-year cycle,

consistent with curriculum revision. In recent years in-

creased attention has been given to 5electlng texts which

enhance awareness of science-related career opportunities;
demonstrate application of science in varied facets of daily

life; contribute to the elimination of bias; addres: changes
and trends which are likely to impact students’ future pur-
suits; and encotirage stiidents to assume an active rolé in
their own learning:

Teachers’ Roles and Program Strategies
Teachers_use a variety of instructional techniques, in-

cluding modular, informal, and structured laboratory activ-
ities, to promote a hands-on approach to learning. They

!
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facilitate student learning through many other 5trategle5,

including lectures; discussions; audio-visual programs, visi-
ting speakers, field trips, homework assignments; indepen-
dent projects, compiiter lab assignments, and the use of the
Learning Center/Career Center. S

Science teachers at all levels have been actively involved
in career education planning and implementation since the
inception of the Upper Arlington Program. Every school

has a ’buxldmg team,” a committee of teachers who work
together to coordinate career education across the currlcu-
lum. District-wide meetings link building teams from scho-
to school.

‘Numerous examples can be_cited of infusion of career
education in lesson and unit planning; use of community
resources to enhance career ajwaréﬁégi tise

Infuswn of Career Educqhan in Lesson and Unit Plannvng

Teachers are encouraged to base infusion efforts on the
seven developmental areas of the Ohio Model for Career
Education: Self, Individual and Environment, World of
Work, Economics, Education and Training, Employability

and Work Adjustment; and Decision Making. The author
has conducted workshops and developed materials to dem-
onstrate how the developmental areas can be integrated in

middle school science instruction: The unit and lesson plans
of Hastings and Jones Middle School science teachers attest
that it is being done.

Middle school students are given many opportunities to

study and simulate the work of scientists, investigate
science-related career opportunities, and understand the
use of sciernice in other occupational areas. Many units in
the seventh and eighth grade program, for example the

oceanogtaphy unlt Bave an overrxdlng career exploratlon

workbook selections reflect a career focus Several teachers

use career reports to further encourage students’ investiga-
tion of future options.

Use of Commaunity Resources to Enhanice Career Awareress

Guest Speakers—Teachers indicated in a survey that they

have used career-related speakers frequently. Both scien-
tists and non-scientists have been well represented. Some

teachers have used parents as visiting speakers, identifying

names from their own surveys or from the career educa-
tion resotrce file.
Field Trips—Teachers have planned and implemented a

wide range of field trips for thexr students, with many of

beeni made to relate these trlps to career educatlon con-
cepts. For example, students on one trip used an observa-

tion form entitled “Why Work?” This required them to
1dent1fy at least five different kinds of workers and to write
in depth on at least orie of them. Students also had to

reflect on the work settmg featured in tl]etrxp and explam
preferences.

_ Another field trip, this one to ,a,ga,rk,,sa,lled,Blgnéqa
tu caring for the outdoor environment; |ntere5t5 and values
a person should have to consider such jobs; education,

13

14



E

Q

training, and skills required; and earning potential and
employment outlook. Similar career factors were considered
by students visiting other sites, siich as Battelle Memorial
Institute, Perkins Observatory, and Wright Patterson Air
Force Base. o ) o L
Service-Learning Projects—As part of the middle school
career education program, science teachers are expected to
work with their "house team” colleagues (language arts;
mathematics, and social studies teachers who work with a
common group of students) in planning and implementing
service-learning projects: These projects involve students
as_active helpers in the school and community and may
take the form of direct service, research; and subsequent
education of others, and/or advocacy in areas of perceived
need. A career education program specialist assists house
teams in carrying out their service-learning objectives:
Several exemplary service-learning projects have a strong

science focus and have been coordinated primarily by science
teachers. Some of these have promoted environmental

education, such as the ecology trash collection project and a
Columbus Zoo clean-up campaign. ,
One particularly intensive project involved a campaign to

save the Ohio State University Radio Telescope; “Big Ear,”
from falling victim to a proposed land sale. One hundred

and fifty students participated in writing letters to news-
paper editors, public officials including Senator John Glenn

and President Ronald Reagan, and prominent scientists
such as Carl Sagan. Students designed and sold “Save Big

Ear” T-shirts and used the proceeds to finance other
expenses of their campaign. Local; regional; and national
media covered the project, culminating in a three-minute
story on CBS News: As a result of the campaign, the radio
telescope (since renamed the North American AstroPhysi-
cal Observatory, or NAAPO) received a five-year reprieve:
Jories Middle School has continued to support Big Ear and
has established an official School-Comimunity Partnership
(via career education) with NAAPO: -

Mentorships—Recent efforts have been made to link
scierice students with community mentors working in areas
of special interest to the students: Most often these men-
torships have been connected with science fair projects and
have involved students with high intersst and ability. The
author has piloted the mentorship project and has been
extremely pleased with the results: One student worked

with a local TV meteorologist in investigating why snow-
flakes have different shapes, while another was able to
expose his_paramecium culture to X-rays at the Battelle
Memorial Institute. One community mentor, feeling the
need to develop engineering skills among middle school
students, offered to organize a ham radio club for several
interested amateurs: S
_In all these efforts; students accepted the responsibilities
of selectinig research topics, working cooperatively with

mentors, and logging research progress. The teacher eval-
uated student learning by grading oral and writter: reports

submitted during and at the conclusion of research:
This pilot effort represents only the beginning of what

could be a most meaningful program for many more stu-

dents and their mentors. The Columbus community is one
of the largest scientific information centers in the world
and offers a wealth of expertise that too often goes

untapped. Both the middle school science faculty and the
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district’s career edcation staff are pursuing possibilities for

expansion of mentorships. S
Career Shadowing Experiences—As part of the middle

school career education program, each seventh and eighth
grader experiences a community work setting and explores

an occupation by spending a day “on the job” shadowing a
designated adult. Seventh graders shadow a parent or close

family associate to gain a greater awareness and apprecia-
tion of that person’s work. Eighth graders shadow com-
munity adults whose work matches their own occupational
interests. , S

Many eighth graders can identify fields of interest but

need help in identifying individuals to contact as sponsors.
Science teachers have been most helpful in supporting stu-

dents’ shadowing efforts by suggesting specific resource
persons for students to contact, advising students about

what to look for in science-related work settings, and help-

ing students process their reactions to the shadowing ex-
periences when they return to school. Such teacher sup-
port is crucial to the success of grade level career guidance
activities.

Career Education Resourtes

‘Career Centers—Each middle school has a career center

adjacent to its learning center, which houses career-related
items. Each center is staffed by a half-time career education
intern, a graduate student from OSU who is training to be
a counselor or teacher educator. The intern also supervises
the use of career education software in each middle school’s
computer lab. : , :

Science teachers most commonly use the career center

and its intern as resources to provide students with ap-
propriate occupational information; secure information and
assistanice for arranging guest speakers, and encourage
students to update and expand their career folders.

_Career Education Grants—Career education funds are
allocated annually to each building team and also to each
house team for service-learning and field trip implementa-

tion. Building team grants are designed to help teachers
fund innovative career education projects. Middle school
science teachers have actively souight and used such gra.its

in recent years. For example, they have been able to pur-

chase aquarium equipment and materials, computer soft-
ware, ham radio books and cassettes, audiovisual learning
aids, and other classroom materials. In additior, career edu-
cation grants have supported teachers’ requests to attend
selected conferences and to engage in other professional
growth activities,. =~ S

_Looking Ahead—Teachers throughout the district are
offered the opportunity to receive a monthly newsletter
about future career trends and forecasts. Science teachers
at both Hastings and Jones find the newsletter, Looking
Ahead, informative and useful to them both personally and
in their work with students.

Teachers as Career Education Leaders
. Several middle_school science teachers have assumed
important leadership roles in career education. Most signif-
icantly, the building teams at both Hastings and Jones are
currently co-chaired by seventh and eighth grade science
teachers. One of these individuals also serves on the career
education advisory council. Several other science teachers
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have served on bunldmg teams in recent years..
Several scierice teachers from Hastings and Jonies were

nominated for the 1985 district-wide Career Leadership
Awards. Each nominee must have demonstrated a com-
mitment to career education by

e infusing the goals and objectives of career education in

hls/her work with students

ents, teachers, admlmstrators, counselors, and/or com-
munity members . .

® serving as a role model to other educators in the district

® making effective use of community resources

s demonstrating a commitment to his/her own professionial
growth and development

e working _cooperatively with the career education staff
and building team

® involving students i innovative projects or using innova-
tive methods in meeting career education goals and
objectives

Each nominee was nominated by a colleague and then

asked to submit a written response addressing the criteria
above:

The teacher survey conducted for thxs paper gave many
other indications of career education leadership by middle
school science teachers. Seventh and eighth grade faculty
members have participated in and conducted workshops,
written and published articles, and received ari inipressive
variety and number of regional and national awards:

The Student’s Role o
_Students are encouraged to assume responsibility in
planning, carrying out, and evaluating their own learning.

In many instances studerits simulate the work of specific
kinds of scientists; engage in problem-solving sitnations
which parallel real life challenges; and learn skills which
may be applied in other settings. Further, as the philosophy
statermient in the 51{5}1:1;@ curriculum guide indicates:

A stody of science can f)i'owae experiences wherein
learners play an active role in the development of their
attitiides and critical thinking. Science is a flexible, ever-
changing method of inquiry that lends itself to the forma-
tion of highly individualized learning and reasoning strate-
gies that have application far beyond the confines of the
discipline.

Classroom Design and Equipment

At Hastings Middle School five teachers are responsible
for seventh and eighth grade science instruction. They

work with 195 seventh graders (average class size; 24) and
228 eighth graders (average class size, 20). AtJones Middle
School six science teachers work with 198 seventh and

eighth graders (average class size; 23 for both levels): Classes

are held in laboratory rooms that are equipped with storage
facilities, sinks, and outlets.
Learning aids include computers, microscopes, microslide

viewers, and saltwater and freshwater aquariums. Spec1al
equnpment lS sometlmes loaned or. donated by science-

Lalgpﬁraﬁtogxfiaqhtles materials, and activities provnde
numerous opportanities for students to function as active
investigators and to apply scientific prmcnples and meth-

odology.

Career education has been a major focus for instruction
and guidance in the Upper Arlington City School District
for the past ten years. The district has built a comprehen-

sive K-12 career education program which is recognized as
a national model. Also within the district, special education
services, including programs for learning disabled students
and gifted students, federally funded Title I projects, K-12

guidance services, and vocational education options are
provided. .

Since all students are mainstreamed for middle school
science, the science program must meet the needs of a

diverse population. It is through the cooperative efforts of
the Upper Arlington Special Education Services, the Career
Ediication Department, and the science teaching staff that

this is possible:

Evaluation

__In the district’s. most. recent self—study document for
North Central Middle School evaluation, the following
strengths of the science program were especially noted.

® The science.teachers have appiroprlate academic back-
grounds and training in various fields of science and in
the psychology of the middle school child. Most are

involved in professxonal science organizations and con-
tinually update their science background by enrolling in
university courses, attending workshops, and participat-
ing in regional and niational conventions.

® Each teacher attempts to show the relevance of science
topics by using community resources, addressing career
opportunities involving science, and emphasizing the
practical applications of science topics and activities:

® The study and developmental skills emphasized in science
classes are transferable to other academic areas and

" represent many of the skills required for life-long learning:

e Although some retention of facts is essential, teachers
emphasize skill development, decision-making, and value

_ judgement.

e Community resources, career education, and other ap-

propriate outside resources are integrated into the science
curriculum.

How Studviits and Teachers View the Program

Student interviews indicate that they enjoy the | program
and appreciate its relevance. They see the importance of
acquiring the knowledge, attitudes, and skills that career

education mfus:on prdvndes, and they - rehsh their mvolve-

projects. . - S
~ Our staff members have come to value their role as

career educators very highly; and perceive their involve-

ment in students’ career development as essential. A sur-
vey condiicted among seventh and eighth grade science

teachers in conjunction with this award strongly affirms

that participation in and commitment to career education
are well established.

How Students Are Evalunted

Teachers use both subjective and ob)ectlve techmques to
evaluate stiident progress, the choice depending on the
nature of the activity and desired student outcomes. Because

career education content is such an integral part of the
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science program, it is reasonable to conclude that as stu-
dents progress successfully through the carricalum, they
are experiencing significant gains in career awareness:

Continuing Program Evaluation o
From 1981-83 Upper Arlington participated in a major

federally-funded research project designed to validate the

impact of comprehensive K~12 career education. Our dis-

trict was one of three selected nationally to serve as dem-
onstration sites. Upper Arlington students were compared
with students of equal caliber from a similar setting who
had not been exposed to comprehensive career ediication.
Not only did our students perform favorably in basic aca-

demic skills; they significantly outdistanced the control

group in career planning skills, job seeking skills, self-
awareness, occupational awareness, economic understand-

ing, ability to relate school subjects to the world of work;
and sense of community involvement. Research results in
these career awareness/skill areas were obtained from the
Ohio Career Education Inventory and the Career Skills
Assessment program developed by the College Entrance
Examination Board. - ) o o

From such large-scale research we kriow that our K~12
career education program makes a positive differerce for
Upper Arlington students. We also evaluate smaller seg-
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ments of our program on a regular basis so that individual

activities may be added, deleted; or revised to continue to
meet the career development needs of our students. A
review of our seventh and eighth grade activities is con-
ducted annually with building teams, house teams, cotin-

selors, and administrators to assess program needs and

progress:

Plans for Improvement o S o

Career education aspects of the seventh and eighth grade
science program that can be productively enhanced include
® expanded learning options frr students who are gifted or
_ have other special needs.

® increased staff time and/or incentives for coordination of
enrichment opportunities such as science fairs, mentor-
ships, and special interest clubs -
additional equipment and learning materials tc fa-ilitate
individualization of instruction N

® increased sharing of materials and ideas among staff
__As always, we have a fundamental commitment to
enhancing the career development of Upper Arlington sta-
dents. We know that the district’s seventh and eighth grade
science teachers—if they have sufficient support and
resources—will continue to make a significant contribution

to this development.
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A arore than two million Americans make their living
Mln marine careers. Bﬁildihg on the ii’ihéréi’it attrac-
tion of the world of water, the Marine Scierice

Career Awareness program uses an effective three-tiered
approach to provide both exemplary science teaching and
career awareness.

The first tier begins with the locally developed and
nationally validated Marine Science Project: FOR SEA cur-
riculum materials. These use the marine environment to

providz a conceptuial framework and content for compre-

e T hensive elementary and secondary school site programs.
i ha ter 3 The. second tier, the instruction provided by classroom
- teachers, ties together skills and scientific content. Finally,

the school site programs are coordinated by the Maririe

Science Center, which provides in-lab and on-the-water

R A & gy e
Marine Science science experiences to demonstrate firsthand that science is

applied on the job by everyone. Teacher and student

.~ A enthusiasm is high, and test results verify that the program
Career Awareness is an effective learning tool.

Historical Background: The FOR SEA Materials

The Marine Science Career Awareness program origi-
]ames H Kﬂlb nated with local teachers in the North Kitsap School Dis-

Marme Seience Genter trict. Recogmzmg a local and national need for improved
——— - . science and marine science instruction, these teachers

17771 Fjord Drive, N.W.

vy. secured support at all levels of government and from the

Poulsbo, Washington 98370 private sector to establish a center for aquatic education,
the Manne Scnence Center Tcxiay, tﬁe Manne Scnence

Seattle
Marine career awareriess tempers the romance of the sea

and gives students a true image of marine careers: The
materials balance human and environmental needs; inform-
ing students about how people make a living from the seas,
while emphasizing ti-at the vast ocean resource must and
inay be properly manzged.

Beginning a decade and a half ago, a series of compre-
hensive marine education curriculum guides for grades 2,
4. 6, 7-8, and 9-12 was developed at the Marine Science
Center. Each activity-oriented curriculum guide contains
® a conceptual framework
e comiplete student texts and activity sheets

complete teacher background for each activity

a bibliography of elementary students’ information books
onthesea
a bibliography about the marine environment for sec-
ondary students
® answer keys and a list of key words for each student
activity
® a guide to marine aquaria _
___Recognizing the merit of this materlal the Ofﬁce of the
Washington State Superintendent of Public_Instruction

awarded an Elementary and Secondary Education Act, Title
IV-C grant to Educational Service District 114 to refine the
program and test its eduicational significance.

The materials were tested in elementary and secondary
classrooms in more than a dozen school districts. Participa-
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ting teachiers from these school districts taught the project
materials in lieu of their regular science programs. The

districts were selected to provide participants from both
rural and urban settings, from varying socio-econcmic

backgrounds, and from the coastal, Puget Sound, and inland
areas of Washington. School districts ranged from Cape
Flattery in the northwest corner of Washington’s coast,
serving a student population of 549, of whom more thari
half are American Indian, to Edmonds Scnool District; 10
miles north of Seattle, with 17,700 students of predomi-
nantly European descent: S
Test results indicated the effectiveness of the curriculum
materials. On the basis of these results the program was

afforded statewide validation, so that school districis
throughout Washington State could use the materials. The

next step was submission of the Marine Science Project:
FOR SEA curriculum program to the Joint Dissemination

Review Panel of the United States Department of Educa-
tion. The Department of Education agreed with the test
results and awarded national validation to the materials.
The project materials have since been successfully used
nationwide in a great variety of situations and locations.

The curriculum guides are the basis for the classroom
component of the Marine Science Career Awareness pro-
gram. During the course of study, typically 60 contact
hours, 4500 students each year receive classroom instruic-
tion before and after they visit the Marire Science Center:
There they experience in-lab and on-water sciencelcareer
awareness activities impossible to duplicate in a conven:
tional classroom setting.

The Setting

Kitsap County is a primarily semi-rural area with an

expanding population and 3 develcping industrial base. The

following is a brief description of each of the districts.
_ Bainbridge Island School District, ten miles west of
Seattle, is surrounded by the waters of Puget Sound. The

district serves 2716 students of predominantly European
descent. A large segment of the adult population commutes
to Seattle to work in professional and skilled trade occupa-
tions: o o
__ Central Kitsap School District, 30 miles across Puget
Sound from Seattle, serves 8900 students, including an
Asian minority of over 8 percent. The Puget Sound Naval

Shipyard in Bremerton and the Keyport/Barigor naval facil-
ities to the north provide the primary employment oppor-

North Kitsap School District borders the Bainbridge Island
District to the south and the Central Kitsap District to the
southwest. The district serves 4365 students of predomi-
nantly European desceiit, drawn from a large geographic
area: Native Americans and Asians are the second largest

mincrities. As in Central Kitsap, the navy bases are major
éfﬁpld?éi@.

Our Current Program
Four sets of goals shape the philosophy of the Marine

Science Career Awareness program. Goals regarding indi-

viduals’ ability to use science to improve their own lives and
to cope in an increasingly technological world we term per-
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sonal goals. Goals pertaining to preparing citizens to deal
responsibly with science-related social issiies are social goals.
Goals pertaining to academic knowledge of science, for
those individuals likely to pursue scieice in higher educa-

tion, are academic goals. Finally, goals regarding information

on the nature and scope of scientific and technological
careers make up the fourth category; wareer education goals.

__ Research indicates the critical role of elementary schools
in a sound science education program. The process of devel-
oping a student’s understanding of scierice must begin early.
Further, unless children and young adolescents are exposed
to science and science-related career choices early, often;
and favorably, they will not develop the motivation to
become scientifically literate. The Marine Science Center
promotes effective science learning throuch a comprehen-
sive pro-ram for elementary, middle school/junior high and
senior high students: - )

- Current research also indicates that learning science by

direct experience both increases content kriowledge 2nd
improves students’ attitudes toward science: Direct; hands-

on exposure is the heart of Marine Science Center
programs: S ]

Students in the Marine Science Career Awareniess pro-
gram apply basic scientific principles to a variety of topics in
their classroom activities and during their visits to the
Marine Science Center: Our focus on the marine environ-
ment permits instructors to present a coherent body of
information from what otherwise might strike the students
as a large number of disassociated facts. The application of
the scientific principles in the differenit settirigs begins the
process of transference which is necessary for students to
apply the basic principles, now at home, later on the job,
and in the community at large.

At the elementary grade levels career information comes
from visits and experiences in actual work environments,
from reading and non-print media, and from occasional
guest speakers. For example, the grade four curriculum
focuses on commercial uses of the marine environment.

Students become aware of diverse career opportunities in
their own familiai surroundings. In their classrooms they
study commercial crabbing, shrimping, fishing, and har-
vesting of other marine resources. They also become famil-
iar with the broadening career opportunities in aquaculture

and mariculture: Commuriity resource people involved in
these commercial endeavors are often invited into the

classroom as guest speakers. People from Domsea Enter-
prises on Bainbridge Island share their vision of the future
of aquacuiture, while in other sessions local fishermen de-
scribe the present realities of commercial fishing in Puget
Sotind at this time of resource depletion. B :

- After students have learned about the natural history of
the oyster, they may visit a local oyster plant, Coast Oys-
ter, to witness this business in operation: The fourth grad-
ers’ visits to the Niarine Science Center include activities to

augment their grasp of navigation, tide chart interpreta-
tion, and marine skills they have been learning iri class: The

students also take a boat trip with a seasoned skipper; Jack
Walsh, whe brings a wealth of career experience to the
task. On this trip they identify boats and shoreline features
related to commercial uses of the marine environment; as
well as related career opportunities argund the waterfront.

Sivth graders compare the role of the marine biologist
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and the oceanographer in investigating the marine envi-
ronment. They have an opportunity to use some of the
tools of oceanography as they identify ; roperties of salt
water: Their visit to the Marine Science Center includes a

microscopic examination of living plankton:

Students in junior high explore marine geology and the
related career opportunities as they follow the life of a
California gray whale for a year. Activities that develop

skills related to boat handling and navigation are included:

__Senior high students studying marine biology and ocean-
ography get an in-depth look at the physical and biclogical
factors that influence life in the sea, as well as current
issues in ocean use and management. These issues deepen
awareness of marine careers related to resource use and
management. Senior high students alsc have the option of
becoming teacher aides, another opportunity to examine
career options. Field trips to National Oceanic and Atmo-
spheric Administration facilities, Suquamish Tri%al Grounds,

state and feceral hatcheries, and parks, as well as trawls

taken with Marine Science Center staff provide students
with first-hant. information about the role of science in a
wide variety of careers:

Secondary students become increasingly involved with

people who use science to make a living in the marine
realm. Because it is difficult for most working adults to
come tc school on a regular basis; the interactions usually
occur in a Career Day format.

_ As noted earlier, the emphasis of the Marine Science
Career Awareness program is hands-on science, engaging
students in the process and content of science while expos-
ing them to how people use scientific knowledge and skills

to gain their livelihood: The materials and lessons were
developed with input from reading specialists, who included
activities to strengthen communication skills as they build
observation skills. The materials, especially at the elemen-

tary level, are interdisciplinary, and work to teach sci-
ence/career awareness in the context of language arts,
mathematics, and art.

Program Evaluation
_ Students participating in the Marine Science Career
Awareness program are evaluated both formally and
informally. . S o

A thorough review of existing test instruments failed to
reveal any appropriate to the project’s objectives: A new
test instrument was developed at each grade level in con-
sultation with an evaluation specialist and refined through
a rigorous procedure of statistical evaluation. Every effort

was made to assure that these. measurement instruments
were valid and reliable in assessing the knowledge and skills
taught by the project. The steps in our evaluation process
included the following, i S o
® The major curriculum strands were identified by the Proj-
_ ect Developer. o
® A scope and sequerice were developed which specified the
major concepts taught: L ,
¢ Multiple choice test items were developed; also reflecting
the major conicepts. , o ,
® All items were_reviewed to eliminate ambivalence and
insure clarity of content and grade level appropriateness:
Instruments were revised as necessary at this point.
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® The instruments were checked for reliability by adminis-
tering the tests to a sample of students (N=30) at the

grade level for which the test was developed:

® The instruments were checked for validity by administer-
ing them to an astute population (advanced students,

grades 11-12) who were known to have had course work

_ in marine science. . .. _ .

® At each stage of field administration the tests were
checked for adverse floor and/or ceiling effects. The reli-
ability and validity figures fell within an acceptable range:

¢ Evaluation of the Marine Science Career Awareness pro-
gram establishes its worth in several areas. Of primary
importance are student gains. The test instruments we
developed at each grade level show significant gains from

pre- to post-testing in our students’ marine science career
awareniess, especially when compared to a control group.

‘The tests provide empirical evidence of student krowl-

edge gains. We also assess student attitude toward the
activities, suggestions for improvement, and the like. Writ-
ten instruments are coupled with informal assessments
made by the instructors; 11 of whom have received train-
ing in evaluation techniques. Evaluation results are reported
directly to students and, through conferences, to parents

and administrators: _ S

In the post-treatment comparisons, the experimental
groups outperformed the control groups by a substantial
margin at each grade level. The gains were greater than the

control group means plus standard deviatioris: ) N
_ Participating teachers also evaluate the Marine Science
Project: FOR SEA curriculum component and the Marine
Science Center instruction component using separate
printed evaluation forms. The forms cover a wide range of
topics and present a graded scale on which teachers indicate
the effectiveniess of the materials with their students. Space

is also provided for additional commenis: Teacher evalua-
tions indicate widespread enthusiasm for the program:
__Important program evaluation is also obtained informally
through conversations with instriictors involved in the
program. The conversations provide insight which leads to
improvements in teaching strategies and program content:
For example, Marine Science Center staff are now assess-
ing the potential of a mentor program which would match
students with a particular. marine interest with people
working ir. that area to produce a final project or product.

Plans for Improvement .

In a time of continued fiscal austerity, all programs are
scriitinized for cost effectiveneéss. The districts cooperating
in the Marine Science Career Awareniess program commit

staff resources and teaching time, and_spend. $25 per class
for the FOR SEA curriculum guides. The Marine Science
Center component is funded by the cooperating districts at

a cost of about $4 per student visit: The Center employs

three certified persons and one support_person to operate
these programs. The Marine Science Career Awareness

received for district expenditures: .
_ Each of the three tiers which comprise the Marine Science
Career Awareness program i5 capable of standing alone.
The Marine Science Project: FOR SEA curriculum is used

successfully in hundreds of school districts nationwide:
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Mariy areas uise iarifie materizls in classroom instruction,
and there are other centers like our Marine Science Ceriter.

But the key to our exemplary program is the coordination
of these three components into an effective and powerful
curriculum package. A vision of the whole and a leader to
articulate that vision are critical for the success of the pro-

gram. An administrator with support from a district’s cen-
tral offices could fill this role and create such a coordinated
program anywhere in the United States.

_ The success of a program such as Marine Science Career

Awareness depends primarily on the enthusiasm of the
participants. Teachers and staff involved have to see the
program as uniquely beneficial for their students. Good
public relations is essential to keep participants apprised of
program developments and opportunities and ensure com-
munity support. Our program staff produce and distribute

a bimonthly newsletter highlighting matters of interest to

teachers and administrators impacted by the program: Pub-
lic awareness presentations to local service groups and
others also promote the community support necessary to
operate the program:

20
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Conclusion = _
The Marine Science Career Awareness program presents
an effective, three-tiered approach to exemplary science

teaching and career awareness. The locally developed and
nationally validated Marine Science Project: FOR SEA cur-

riculum materials use the marine env.ronment as a con-
ceptual framework for a comprehensive elementary and

secondary school site program. The school site programs

are coordinated by the Marine Science Center, which also
provides in-lab and on-water science experiences demon-
strating firsthand that science is applied on the job by
everyone.. o . o

Evaluations of the program indicate its acceptance and
worth. Implementation of the printed curriculum materials
in varied settings nationwide indicates the widespread
applicability of the program. The Marine Scierice Career

Awareness program plays an important role in making
students aware that every career has a sciéntific component.

DN
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Chapter 4
The Primary
Integrated
Curriculum

Marge Melle
Jefferson County Public Schools

1209 Quail Street
Lakewood, Celerade 80215

ferson County, Colorado Public Schools is an action-
centered program for first and second graders that

The Primary Integrated Curriculum (PIC) in the Jef-

blends science, social studies; health; environmentai educa-
tion, and career education into one unified, comprehensive
curriculum. Students are introduced to the primary-level
concepts traditionally presented in compartmentalized ini-

straction without being confined by the traditional boun-
daries of these individual disciplines. This program, fuily
implemented at both grade levels for three years, has been

welcomed as a significant and successful change by teachers,

students; parents; and administrators for two primary rea-
sons: it has achieved a balance in the instruction of all sub-
jects, and it has alleviated the time pressures placed on

teachers to crowd more and more subjects into the school
day.

Achvxty, problem solvmg, and cooperatlve Iearmng per-
meate the PIC program: First and second graders are pre-

sented with concrete; holistic learning experiences while
receiving direct instruction in and then practicing che skills
niecessary to work together. The program has proved its
versatility. It has served as a curriculum basis for gifted and

talented students; it is in place in the district’s school for
children with multiple handicaps; and it is in use in the two
alternative elemientary schools, the Open Living School and

the Fundamental School:

The Setting

_The Jefferson County achool District was formed in
1951 when 39 smiall, independent school districts were uini-

fied as the first reorganized school district in Colorado. The

county is large (783 square miles), running north-south;
beginning at the western boundary of Denver and moving
into the mountains on the west. The total popiilation of the

county is 387,000, with a school population of 76,529 stu-
dents (down from 81,000 four years ago), most of whom
are of European descent.

The PIC program is taught to approxxma(ely 12,000 first

and second graders by about 375 teachers in the district’s
77 elementary schools.

ﬁé ]mpétu§ fﬁi‘ ﬁié Program 77777777777777777777777

force conducted a needs assessment in 1978 and discovered
a discreparnicy between what was taking place in the first and

second grades and what should have been taking place

according to the program guidelines. Teachers in Jefferson
County, as elsewhere, were being increasingly pressured

by the public to intensify classroom emphasis on the basic

skills. At the same time, they wrere also expected to give
children balanced instruction in social studies, health; sci-
ence, environmental education, and career education, as
well as encourage creativity and aE'sthehc appre tiation:

Teachers could not find enough hours in the school day for
this intricate balancing act. The district’s needs assessment
study found that 15 percent of the first graae teachers

were spending 15 minutes or less per day on subjects other

than the three R basics; 48 percent were spending 16 to 30
minutes; and only 5 percent were spending from 46 min-
utes to one hour on non-basics. The study showed that
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when teachers were pressed for time they usually chose to
teach whichever pieces of the optional subjects interested
them the most or they felt most comfortable in teaching.

_ Before 1978, the district’s program for elementary stu-
dents in science consisted of units from Elementary Science

Studies (ESS) and the Science Curriculum Improvement
Study (SCIS); plus some Mini-MAST ideas. It was a hands-
on program with no text books. In social studies; a nation-
ally recognized text was the basis of a traditional program

of farmily, neighborhood, transportation, patriotism, znd

related concepts. Complete district programs also existed
for career education, environmental education, and health
and safety. Each subject had its owr complete and sizable
teacher’s guide. . S -
~ When accountability and the back-to-basics movement
began to have an impact on schools, the inevitable question

was_asked: how can we say our prograins are teaching
students when we are not sure that they are being taught?
_An integrated approach to all the subjects other than
reading and math seemed ideal for our primary children.
Students would learn more, and teachers wouid have a
more efficient delivery system. Area superintendents; ele-
mentary principals, the Elementarv Curriculum Ccuncil;
and the School Improvement Process Council (the district’s

accountability committee) all concuorred in this judgment.

Des?gning the Program o
_ The board of education supported the recommenrdation
for a unified curriculum integrating the objectives and con-
tent of science, social st--dies, health;, environmental educa-
tion, and career education, plus some of the literature and
verbal skills aspects of language arts. After a fruitless search
for an already existing program, we set out in the fall of
1978 to develop our own, with a team composed of repie-
sentatives from eight departments working under the
director of elerfienitary ediication. S
Development of the Primary Integrated Curriculum fol-
lowsd the district’s_prescribed corriculum development
process. This well-defined system included the needs assess-
ment study, curriculum objective statéments, curriculum

writing, pilot testing and evaluation, field testing and eval-
uation, and; finally; district-wide implementation. Pilot test-
ing evaluated the quality of the resulting materials and Field
testing checked for potential problems with implementa-

tion. During each stage of development the revised pro-
gram was reviewed by the Elementary Curriculum Cour-
cil, elementary principals, and the School Improvem: nt
Process Council: -

_ The major resource invested in the PIC program was
time. The coordinators of the subjects covered in_ PIC—
science, social studies, environmental education, hezlth.
language arts, and career education—spent a year devising
the process, then began the development of the curriculum,
working together uinder the leadership of the Coordinator
of the Primary Integrated Curriculum. The present coordi-
nator of PIC, Marge Melle, a member of the original team,
assumed leadership two years into the development of the
curriculum. Together, the coordinators plannel,
developed, coo dinated, evaluated, revised, and implemented
PIC with assistance from teacher writing teams, special
education consultants, citizen experts, and a professional
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editor/writer. Professor of Scierice Eduication, Roger John-
son; at the University of Minn=sota and co-author of Larn-
ing Together and Aione (1975)*, acted as writer/consultant on
the cooperative learning strategies. -

_ The PIC team developed the grade one program first.

After the evaluation of the first grade pilot assured PIC’s
success, the grade twc program was begun. In all, complete
development of the program, from inceéption to total im-
plen:entation; required six years: S

~ The writing team created origiral materials and activi-
ties, while the departmental coordinators made sure that
the objectives cf each discipline were addressed. The writ:
ers also adapted_and extended some materials from ESS,
SCIS, Mini-MAST, and the Educational Resource Center
(USMES). Parts of the Denver Children’s Museum'’s Dis-

abilities Awareness Curriculum were also included.

The original goals of the Primary Integrated Curriculum
were relief for teachers and balanced learning for students,
but the program developers had other eduicational ends in
mind as well. They set as their developmental aim a curric-
ulum thatwould ) . .
® Respect the priority of basic skills and not undermine the

district’s successful pattern of prograss in each basic skill
area )
® Deliver the content of science, social studies; health,
environmental education, and career education in a holis-
tic fashion : : S
® Include experiential units based on activities of interest
to, and appropriate for children aged six through eight,
who are entering the concrete stage of cognitive de-
velopment ,
® Include detailed strategies to introduce and systematically
reinfo; . the cooperative learning skills advocated in
Learning Together and Alone S
® Use the special events; parties, and holiday handicrafts
emphasized in primary grades to transmit an apprecia-

tion of our natural and cultural heritages and to intro-

duce the skills of cooperative group interaction, to b~

reinforced in subsequent units o

® Introduce and have students practice the skills of problem
solving and critical thinking

® Vary instruction with three basic teaching techniques:
information (presented facts), discovery (students discover
the predetermined solutions of problems or results of
experiments), and experience (students directly experience
problems or experiments whose solutions or results are
unikniown at the otitset) , o

- Like our elementary science program for grades three

through six; this program aims to be concrete; interactive,

exploratory, applicable, relevant; and success-oriented:

* Roger Johnson and David johnson, Learning Together and
Alove: Cooperation, Competitior, and Individualization (Englewood
Clitfs, NJ: Prentice Hall, 1975).
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Goals of the Two-Year PIC

The following goals for PIC studen:s were adopted at the

outset: Students shou!d
® Explore and manipulate materials and ob,ects in the real
world

e Develop the skills of olserving, describing, identifying,

ordering; classifying; and determining differences and
_ similarities
e Ask questioris, find answers in a variety of ways, and
develop the ability to solve problems that are a part of
their immediate world of home, school, and neighborhood
® Be aware of how their immediate actions affect their
environmient, themselves, and cther people, and how the

environmernt affects them

® Act with a sense of resronsibility toward theer 'lves,
their peers, family, friendss, neighbors, znd natural envi-
ronment

_act constructlve]y with other individuals and grouus -

® Begin developing their tinique talerits and ¢ense of worth
through a variety of experiences from their immediate
world
tain good phy51cal health and safety

o Be able to express their feelings and tell how their feel-
ings and the feelings of others affect behavior

® Recognize that there are recurring social and natus. Al
events in their 1mmed|ate environment

® Understand and use societal conventions and practices
appropriate for primary students

The Primary Integratea Cumculum ‘combiries all first

and second grade academic subjects except reading, math;
and some portions of language arts in a program taught for
approximately 40 minutes (or 13 percent) of each instruc-
tional day.

A common set of learning outcomes and activities satis-
ﬁes the content and process requirements for science; social
studies, health, environmental education, and career educa-
tion, ancl at. the same time reinforces the listening and
speaking skills of language arts. The activity-based units
require students to blend concepts and skills from all the

disciplines to solve realistic problems and challenges, which

” ”social studies,” or

do not come neatly labeled “science;
“language arts.”

At both grade levels, the curriculim consists of a series
of nine or ten units developed around the interests of

primary students. Each unit emphasizes three or four of
the student goals and three or four disciplines; however,
most iinits include activities that involve some aspects of all
disciplines and goals. Students are expected to meet specific
content and process objectives within each unit in a planned;
sequential manner. The learning strategles employ infor-
miation interviewing, brainstormirg, cormiing to consensus,

hypothesxzmg and testing hypotheses;, conductmg experi-
ments in controlled situations; recording data, comparing
data of repetitious experimentation, and sharing informa-
tion and discoveries with peers. In most activities the teacher

acts as the facilitator rather than the giver of infc. mation;
and all of the activities are student-centered rather than
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teacher-centered. A list of the units and a description of
each follivv:

First Grade -

e First Things First. Students become acquain ted with class-
mates and school. After sorting classmates by physical
characteristics; thev describe and classify material objects:
They visit members of the school staff and learn about
the jobs that must be done to make thair school an excel-
lent place for learning. (Particularly relevant to careers)

® Special Times Together, I. Students celebrate holidays
and special events on 15 orcasions throughout the year.
Each time, they learn and practice a specific cooperative
skill which they coritinuz to practice in subsequent units.
® Dragons; Dinosaurs; and Tiny Cieaiures. Students read
famous legends and create fanciful puppets; thev identify
and compare happy, seciire, and fearful feelings; they

observe :and describe prehistoric creatures. found in pic-
thelr observmg, data-collectmg, and care-takmg skills on
the dinosaur’s iiny living relatives: chameleons and sala-
manders. _ _ ,

e Sidewalk Safaris. Students take five sidewalk excursions
to become acquainted with the school neighborhood.
They meet the school neighbors by chance and appoint-
ment and interview them on the job. On their trips;
students observe and study the neighborhood environ-
ment. (Particularly relevant to careers)

® Radishes and Rutabagas: Students grow bean sprouts
and salad gardens—planning, working, 2nd practicing their
observation and recording skills. They are introduced to
f'OOd nutritional habits and consume their crop at a har-

vest celebration: An expert gardener, either hobbyist or
professnonal expla ns the nne pomts of growing green

. Famlly Ties: Students observe and compare many differ-

ent kinds of families: their own; classmates’; families in
books and films, gerbil families in the cdassroom, and
animal families at the zoo. They explore the privileges

and responSJblhtxes of family members; On the trip to the
zoo and at the 200 they observe and discuss the workers

. Walkm° Out to Wonder: Students experience five non-

consecutive days of outdoor activities; seeking o1t wonder
spots and hunting for objects and happenings in nature
which arouse their “curiosity. They develop “seeing eyes”
and “listenirig ears.”

® Rolling the Distance. Students roll and race dlfferent
kinds of balls down ramps as they develop the skills of
observing, comparing, recording, and predicting. While

competing in the races, students develop an understand-
ing of the need for and function of rales. After investiga-

of the RTD, Denver’s Regional Transportation District

buses; and learn about public transportatio 1 and distribu-
tion systems and the people who make thiem run. (Par-
ticularly relevant to careers) -
L Classroom €on5truct10n Student groups are given pleces
to putrlt together C,ooperatwe,groupeffort is requnred to
assemble the structure. Problem-solving and decision-

making skills are required to choose a use for the struc-
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ture, and to design and carry out creafive modifications.
In the unit; students are exposed to the real-life jobs of
making things with tools: (Farticularly relevant to careers)

Maiufacturing!Soft Drink Design: Students complete a

probiem-solving, decision-making unit as they meet one
of two cha!!~nges: find the best way to produce a needed

item in quantity, or invent a new, healthy, soft drink that
can be produced and szrved at low cost. Ir this unit,

students compare the efficiency and tle resilts of
assembly-line production with one-of-a-kind production.
These challenge are bused or, USMES: (Particularly rele:
vart to careers)

Sezond Grade

® Person to Person: Second graders get acquainted a.- they

identify and celebrate their likenesses and their differen-
ces in appearance, tastes, and feelings. In a set of Like Me,

Like You activities from the Denver Children’s Museum,
students_consider individuals who aie different because
of disabilities. Students’ zttention is drawn to what the

disabled can do, and to their similarities. to. everyorie else
rather than their differenices. (Particularly relevant to
careers) . o

Spacial Times Together, II. Students celebrate holidays
and special events throughout the year while learning

and practicing a higher level of cooperative skills,

® Good Humor. Students laugh a lot, explore different
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sources of humor, and on a simple level, compare types

of humor: They are asked to distinguish between laugh-
ing with and laughing at, and to suggest positive ways to
react to others’ misfortunes: S B

Approach to Patterns. Students search for patterns in the
human-made and natiiral environments and identify three
of the most common pattern types: repeating, mirror,
and round. They create and experience each kind in
moveterit, sotind, and visual arts. . : 7
Minibeasts and Butterflies. Students watch and wait as
the butterfly life cycle unfolds in their “butterfly gardens.”
While waiting, they create homes for rainjbeasts, small
insects found on the playground. They move their mini-
heas*s into temporary hormies in the classroom for close
observation and data collection: S 7

Kids and Computers. Students gain an early entry into

their technological world with hands-on experience at
the computer. They sequerice simple tasks, draw the
sequences on flowcharts; and role-play how the com-
puter works, They query parents or neighbors on how
computers are used at their workplaces. {Particularly
relevant to careers) ! o

Pools, Pipes, and Puddles. The tub of water is the labora-
tory as studerits conduct sink and Float and waterflow
investigations: They investigate arid compare home,
school, and personal water use and conservation. They
play water games and delve into the school’s water sys-
tem. They learn to use the pipes and tools of the plumber:
At the conclusion they explore and enjoy the aesthetics
of water. (Particularly relevant to careers) S
Delicious! Nutritious! Students experience preparing and
tasting a variety of foods while gaining the basic concept
that they need many different kinds of food for growth,
for health, and for energy. They develop and follow their

own recipes, measure ingredients, and observe property

chariges. A food service or food production: worker visits
the classroont and describes his or her job: (Particularly

relevant to careers)

¢ Nature Trails/Using Free Time/Classroon: Zoo. Students

develop problem-solving, decisicn-making skills as they
meet one of three challenges: develop a temporary cut-

door trail and help others appreciate nature; design, create;
and use somezthing that is rar and worthwhile to do

during free time; or develop a classroom zoo. These chal-
lenges also are based on 1_SMES.

The PIC Classrooini Design

_ If you visited PIC classrooms you might find one class

drawing flowcharts on posterocard; another floating
shells, erasers, and paper clips on water and salt water;

another staging puppet plays of famous fairy tales; and a
fourth pasting up a giant winter mural.

__Diversity? Yes. But it's diversity with underlying sim-
ilarities and coninections. Looking closer, yoa will find
that children everywhere are working in groups. Every-
where, everyone is doing something: No one is running to
the teacher for help. Nowhere is the teacher taking cen-

ter stage: The teacher plang, orchestrates, and facilitates;
while students dc the real work of learnin.

_ What subjects are thase students learning? The flow-
chart activity could be math, but now the groups are

dramatizing how a comipiiter works; the sinl. and float
activity could be science, but now everyone is singing a
water song; the puppet fairy tales could be primary litera-
tare, but tomorrow during this time the students will
prepare homes. for some tiny “dragons,” the classroom

salamanders. The mural-makers are not just cutting and
pasting, they are looking each other in the eye, talking
directly to each other, and practicing responses.

__The PIC_classroom changes as the activity changes.
Often small groups need their own spaces for working
together. At other times the whole class works together,
or individuals work independently. The PIC Teacher's
Guide alerts the teacher with a distinctive logo for each
kind of learning structure.

Equipment Needed for the Program

The PIC program uses unconventional instructional
materials. It requires carpenters’ tools and construction
materials, kitchen utensils, small balls of various sizes and
compositions, live organisms (gerbils, caterpillars, charme-

leons, and salamanders), containers for the organisms,
seeds and containers for growing them, and many miscel-
laneous items. Letters to parents at the beginning of each
unit make a one-tims request for small, collectible items
that can be brought from home. More traditional in-
structional materi: ls; such as story books, films, and
tapes are rented or ;)urchased. ) : o
Equipment and materials are preboxed and placed in
each classroom. A per pupil, school-based allotment main-
tains materials and live organisms. It is difficult to esti-

mate the exact cost of the one-time use of instructional
materials; as local sources were used for most of ours.

However, the projected annual PIC maintenance cost per

pupil is estimated to be $1.50, much less than the former
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cost of ruaintaining materials for the separate programs
of scierice, sotial studies, health, environmental educa-

tion; and career education: (This cost does not include the
live organisms.)

How PIC Fits into the District Program
__The PIC progiam for first and 5econd graders has
proven to be 3 sciid stepping stone for their entrance into

all areas of the third grade program: After two years of

PIC, students have developed the requisite skills for the
district’s science program by practice in observing, sort-
ing, ordering, classifying, predicting, collecting and record-
ing data, and simple experimenting. They have practiced
oral communication to an extent rarely reached in.the
coriventional curricula: They can share ideas based on

information they have personally gathered; they can ac-
complish tasks cooperatively and make decisions by con-
senstis; and they are proficient beginning problem solvers.
The computer unit in PIC enriches and ciarifies the ele-
mentary computer curriculum that the district has put
into place. o -

The objactives of PIC and its general philosophy are
comipatible with the goals of the Jefferson County Public

Schools and lay a solid foundation for their attainment: The

school district kas set the following goals for students.
® Master the basic skills for continued learning
® Develop a sense of responsibility

® Act with understanding and respect toward others

® Develop unique talents and sense of worth

® Learn to influence change and benefit from it o

® Develop the skills and attitudes needed to earn a living
and_contribute to society . ,

_ Each PIC unit has a particular emphasis in support of the

district goals.

Evaluation of Students -
_ Students are graded for PIC, but no specific testing is

done over the PIC areas. The ten goals of the program are
broad enough to warrant many years of study. The long-
range results of primary children learning to observe cbjec-

tively; to cooperate, and to identify and solve complex prob-
lems in a holistic manner will come much later. The results
of the first two years’ work in these areas are shown when

students enter third grade and the disciplines are separated.

Third grade teachers say newcomers to the district are
behind our PIC-prepared third graders in readiness for
these separate programs, in problem solving, and in group
cooperation. : : S

Within the PIC program; the teacher assesses individual
and group products according to criteria written into the
learning strategies. In addition, the teacher monitors indi-
vidual students’ ongoing growth in cooperative learning
skills.

Acceptance of Program , o
Principals, teachers, students, and parents have responded

enthusiastically to PIC. Parents are made to feel a part of

the program. Frequent communications are sent home with
information and requests for help. The helpers have turned
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into staunch supporters: Students are eager participants in
the action-based activities. They like doing things. Princi-
pals have seen that the program is highly motivating and
provides a balanced curriculum; they need no longer worrv

about what is and is not being taught.

Teachers, however, are the program’s strongest advo-
cates. They say that PIC takes a different mode of planning
and teaching, and that it is difficult for some teachers to

master. However, they agree that it is relevant to the inter-
ests and needs of children, and effective in providing oppor-
tunities for movement, interaction, and problem solving.
Its content establishes relationships and connections in the
real world. For many teachers; though, the biggest advan-
tage of PIC is that it provides a reasonable solution to the
balancing act. No longer must they crowd six or seven

subjects into one short time period.

Student Grades ) ) )

_ The teacher monitors each student’s growth in coopera-
tive skills, and grades are partially based on progress in
these skills: Individual progress is assessed on the basis of
the one or several individual worksheets or projects in each
content area. Group products and the group process are
also evaluated. At the end of each nine-week term, PIC is

listed on the students’ report cards along with mathematics,

reading, and language arts. A footnote tells the parents
what PIC includes. A three- or four-point scale (depending
on the form chosen) is used for grades. On the attitudes
and behaviors side of the report card is listed “Participates
cooperatively in groups”. This behavior is graded as Highly
Satisfactory, Satisfactory, or Needs Improvement.

~The PIC program is under continuing evaluation: Spe-
cific program evaluation features include the following.
® To maintain quality instruction, three inservice days,
spaced over a year’s time; are provided for all new teachers
entering the system. Teachers who change grade level to
the first or second grade also attend PIC inservices.
Trained inservice leaders, who are practicing PIC teachers,
review the philosophy; units, and content; engage partic-
ipants in hands-on activities from the units; share man-
agement and organizational tips; identify assessment

activities; and introduce generic teaching strategies, siich

as wait time, and the role of the teacher in cooperative

learning. S

¢ The PIC central office staff makes comfort and caring
visits to PIC classrooms regularly to answer questions,

_ model behaviors; and support teachers. S

e Principals, teachers, and central PIC personnel collabo-
rate to monitor program quality through the program

improvement process: Seven key feature indicators are

the criteria used to identify a well-implemented program:

® The final type of evaluation is an external program audit,

By board of education mandate, PIC; like all prograiis of

the Jefferson County Schools; is systematically and con-
tinuously reviewed and upgraded with input from ap-
propriate administrators, teachers, students, and com-

munity members. The model for this evaluation requires
a statement of the desired state based on a literature search,
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a description of what is currently in place in the schools.
identification of discrepancies between the desired and the
actual state, and improvement plan to eleminate the
descrepancies. This audit takes place on a five-year, recur-
ring basis. PIC is now in the process of an external audit.

Plans for Improvement S o
During the rigorous process of the development of the

Primary Integrated Curriculum; four major problems were

identified and resolved. When. implementation began,
teachers were uinprepared for a change as revolutionary as

replacing traditional disciplines with an integrated ctirricu-

lum;, and were unfamiliar with the new teaching techniques
required. To meet this foremost difficulty; all teachers were
given extensive iriservice training that outlined unit con-
tent and presented strategies to promote cooperative learn-
ing, critical thinking, and problem solving: Outside consul-
tants were employed for additional inservice help.
Planning time created a second problem for teachers.

Preparing materials and the classroom and making group-

ing arrangements requires forethought; and cannot wait
until just minutes before the lesson. Years of experience
and support from inservice leaders have alleviated this
problem. Teacher concerns had lessened appreciably by
PIC’s second year. o -

The integrated curriculum units use many unconven-
tional learning materials, from carrot graters to water tubs.
Seeking out these unusual items could put an unwelcome
burden on teachers. This difficulty was eased by providing
unit kits containing all nonstandard supplies and sending

frequent communications to teachers concerning resources
and supplies.
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The pilot tests made it clear that understanding and sup-

port from principals and parents would be essential for
success. To give the program this necessary boost, explana-

tory meetings and abbreviated inservices were held for
principals, and letters were sent to parents explaining the

new curriculum and requesting their help and en-
couragement.

Keeping the Program Healthy =~ -
The four areas mentioried above could always offer po-

tential problems, so their solutions must be ongoing. New
teachers and teachers new to PIC will always need inservice
in the philosophy and content of the program. Information
on sources for replenishing supplies must always be kept
current. The support of principals and parenits must always
be encouraged. L

To keep the PIC program strong and healthy; supply

inventory lists are included in the teacher’s guide with
instructions for reordering. A newsletter; Nit-PIC-ing, is dis-

tributed on a needs busis to offer useful tips and update
teachers concerning changes, field trip information, and
supplies. Parent letters and prepared presentations share
the program with the community each year: -
__Today, the Primary Integrated Curriculum is in its third
year of full implementation at both grade levels and in its

ninth year since conception by Jefferson County edticators.

To students, PIC means action and involvement: To teach-
ers, it means time to get their important job done. To coor-
dinators, administrators, and parefts, it means no more
discrepancy—they know what is taking place; and it is what
they feel should be taking place.
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Chapter 5

ESCES: Exposing
Students to *
Careers in Earth

Tish McKinstry

McLean High School
1633 Dav1dson Road

28
RIC

Aruitoxt provided by Eic:

¥V County’s 23 high schools. McLean students come
from diverse. baLkgrounds, and Enghsh is a second language

Y A Fith a population of 1400 ninth through twelfth
ng aders, McLean is one of the smallest of Faxrfax

designed to meet the needs of all the Students, and the

excellent faculty is committed to student success.
. The ESCES program—Exposing Students to Careers in
Earth Science—foctuises on success, and offers many oppor-

Administrators and_teachers work together to assure
smooth operation of the program. Currently only one
teacher uses the complete program, but many other teachers
use some of its components:

__Our location close to the natlon s capltal has added to the

of the components depend upon resources in Washington,
b.C.

Our Program Goals for Students

Students who participate in this program are exposed to
a variety of techniques and teaching materials that intro-

duce them to science careers and science-related careers.
Goals for students are:
# Stuidents will have many suiccessful experierices in science

which will spark their interest and motivate them to

ponder and/or pursue science as a career. Students will
become interested in science and actively develop this
interest.

o Experience component—Students will acquire an in- depth
knowledge of experimental problem-solvmg situations in
current research and career opportunities in an area of

_ personal scientific interest.

® Visitation component—Students will be visited by scien-
tists who convev the importance of scientific research

and dissemination of information. By their presence,

scientists will serve as role models to encourage students

to.continue their interest in the sciences and in science-

related careers.

& Site component—Studerits will visit various facilities of
earth science interest and observe how scientists pursue
research and disseminate information at each site.

® Project outreach component—Students will visit a re-
search site that they as a class have selected: They will

spend a productive day at the site touring labs and talking
with scientists.
s Stiidents will meet with scientists to discuss research the

students are conducting: These meetings will help stu-

dents gain confidence in themselves as future scientists.
¢ Rewards component—Students will be informed of va-
rious contests and competitioris. Somrie will receive awards
and recognition for their scientific work; all will be en-
couraged to continue their research.
e Course couriselmg component—Students w1|l be informed
of high school science courses available to them and be

personally guided in their selection of future courses.

They will learn how_to prepare themselves for these
science courses. Students will bé encouraged to take
science courses and will be more likely to continue takmg

them because of this encouragement: They wili begin to
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see that they can be successful in scienice and continueé to
_ nurture this talent. o
® Club involvement component—Students will be encour-
aged to pursue their scientific interests in after school
clubs and activities, and continue these interests outside
of school. A variety of science- related after srhool activi-
ties will be available and invite participation.

Teacher Resporisibilities
Teachers are classroor managers, planners, activities

coordinators, and faithful listeners, to suit the varying

components of the ESCES program. Below is a brief expla-

nation of major teacher responsibilities for each component
of the program. . S
In the experience component the teacher works closely
with students through the four phases of search, design,
conduct; and apply. In the first phase the teacher helps
students identify a project they will research: Before stu-
dents begin their search the teacher needs to become famil-
iar with the science resources in the school library and in
nearby local libraries. . -
. During this phase, frequent communication between the
teacher and the student researchers is essential. The teacher

needs to guide each student toward successful completion
of a research project which will serve as the basis of an
experimental project. o ] o ,

During the next phase, design, the teacher helps each
student design an experiment which explores one scientific
principle. After the teacher has approved the experimental
design the students enter the next phase, conduct. Now the
teacher listens, hearing students’ concerns and the prob-

lems they encounter as they begin their experimentation.

The teacher offers advice which shows credible insights
into each scientific problem, along with appropriate assist-
ance in completing experimental projects. L
After the project is complete, the students visit the
school’s career center to research the career opportunities
available in their specific areas of science. The teacher works

with the career center personnel to develop a meaningful
activity for the students to complete. The teacher and the

career center personnel also help the students find infor-
mation about the careers they are researching.

For the visitation component the teacher must seek ouit
scientists willing to speak with students and who can effec-
tively explain careers. The teacher can find speakers by
surveying parents at back to school night, held shortly after
the school year begins. The teacher can also contact local
agencies to learn if representatives would be willing to talk
to scudents.

While developing a speaker pool, the teacher begins to

arrange for speakers to visit the school: It is important for
the teacher to preview the text of each presentation in
order to design an appropriate pre-talk assignment. Stu-
dents might be asked to formulate questions about one
topic the speaker will address; or otherwise develop some
persorial awareness of the guest’s field.

- The teacher asks all speakers to include a description of
the college courses they took to prepare themselves for

their chosen careers. The speaker should also plan to explain
work conditions in the field and offer advice to students

who may be considering similar careers.
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After the talk the students should summarize what they

have learned. A brief thank-you letter highlighting what
they enjoyed most or considered the key point both pro-
vides a review and increases the chances the speaker will
return. = o ) :

For stiidents to participate in opportunities made avail-

able in the site component the teacher needs to learn of
facilities in the surrounding area and keep abreast of open

houses, science symposiums, current museum exhibits; and
special offerings. The teacher can learn of these by making

phone calls, by belonging to science organizations, by sub-

scribing to newsletters; and by following current events.

_ When the teacher learns. of scientific happenings he or
she informs the students, Usually students are given extra
credit incentives for participating in events. This compen-
sates them for the extra effort they put into these activi-
ties, which are often after school or on weekends: The
students are responsible for sharing their experiences with

the class: ] S

_ The outreach component was a grant-funded program
for which the teacher designed a plan and submitted a
proposal. After receiving the grant the teacher told the

students about the new opportunity and asked them to

recommend sites they were interested in visiting. Once a
site was agreed upon, the teacher contacted the site’s public
affairs office to determinie if students could visit. The
approved grant permitted the teacher to take a day of leave
and escort students to the research site: _

The site initially selected was the United States Geologi-
cal Survey. Personnel hospitably arranged for the students
to spend an entire day. The teacher helped the students to
identify areas of interest, informed the site personnel, and
arranged to pair students with scientists in these areas.

The day at the site was full. The teacher escorted her
students to different laboratories in the morning. In the
afternoon students met with their scientists and were taken
to the research library to work on topics they had chosen in
advance: The funding made it possible for students to pur-
chase materials that would be helpful for their research.

_ After the trip, discussion and journal writing helped stu-
dents to put the new information into perspective. The

teacher also designed an evaluation form which the stu-

dents were required to complete; and passed results on to
the site personinel. o o ,
- In the rewards component, the teacher learns of contests
for students and ensures they understand the entry re-
quirements. She helps them select and enter appropriate
contests. i . - -
For the course counseling component the teacher counsels
each student individually and works with him or her to
plan science courses to take in high school: The teacher
provides each student with a course counseling form and

alerts the guidance department to look for it.
The teacher also offers students the opportunity to

further their science interests by becoming active in an
after school club—the cliib involvement component. To do

this the teacher may become a sponsor of a science club,
advertising club meetings and inviting students to join.
During the meetings the teacher works with the students
to select activities for futiire meetings and may also choose

to meet with the club officers to plan the agenda.
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Classroom Design. o
Our classrooms are equipped with lab tables, shelving for

textbooks; a bulletin board; blackboards; sjnks, and cabinets
for storage. There are 12 lab tables which each accommo-
date two students. The students can work individually, in

pairs; or in teams of four or larger, sinice the tables can be

 The walls of the classrooms are covered with student
work, posters; information about science activities and clubs,

and other items of interest. The ceilings have posters too—
if a student’s mind starts to wander there are intriguing
images to direct the course of imagination.

Equipment for the ESCES Program

The ESCES program requires large amounts of com-
mitment and community .involvement, and relatively little
in the way of purchased equipment or facilities. In the
experience component the teacher supplies earth science

textbooks and students must. supply their own research
journals. These are loose-leaf notebooks. used solely for
project information. The school library offers ciirrent ref-
erence material: The students are expected to supply the

materials they need for their research projects; but the
school is equipped to lend basics such as glassware and
microscope slides.

For the apply phase of the experience component the

teacher should be able to use the facilities of a career center.
If this i5 not possible the teacher will need to compile career
information and make it available to the students.

Club involvement component materials will vary depen-
dlng upon the interests students choose to pursue. QOur
astronomy club uses telescopes, star maps, reference books,
and computers with skywatch programs for night-time sky

watches. The science club uses laboratory materials avail-
able in most high school science labs.

The ESCES program is used in five sections of Earth

science at Mcl:ean nghSchool in Falrfax GOunty, Vlrgxma

colirses, one is lower level earth and s Space science course,
and the other is a gifted and talented Earth science course.

All courses follow the suggested program of study for Fair-
fax County Public Schools and the state of Virginia. .
ESCES extends the concepts covered in Earth science by

suggesting practical applications to everyday life. It also

encourages students to take themselves seriously as scien-
tists and to consider science-related careers. It is different
from other Earth science courses in that the students are
able to immediately apply their learning and are guided in
determining their career goals. .

Portions_of the program have been adOpted by other
merabers of the scienice departmients, as well as by memibers
of the English and social studies departments: Phase four of
the experience component, apply, has been modified by the

career center staff for other subject disciplines.

Student Success o
To satisfy graduation requirements for the state of Vir-

RIC

Aruitoxt provided by Eic:

ginia; students must complete two courses in science: Sirce
the beginning of ESCES we have increased enrollments in
gifted and talented biology classes, traditional biology classes,
lower level bxology classes, and hxgher summer school en-

rollment for 5c1ence enndunent courses. Students who

at least three courses in 5c1ence durmg their high school

career, while some firiish as many assix. =
Students are more involved in after school science activi-

ties such as clubs and individual experimental research.
Students from McLean High School have performed well

in science contests and competitions;. including the Fairfax
County Regional Science Fair, the Washington Junior Sci-
ence and Humanities Symposium, and the Virginia Junior

Academy of Science:

Student and Teacher Satisfaction
MeLean High Schoo faulty hayéjgqui@csa;agiﬁg in

lm'uts, as more and more students learn of the program.
Students who have participated in the ESCES program

return to tell us how miich they enjoyed the activities and

how much they benefited from participation in the pro-

gram. The positive reaction of student participants has
been our most effective advertising. The program continues
to grow.

Grading

Students are evaluated by a variety of methods—such as
ob]er.tlve tests, creative writing assignments; and special
projects. One proven method is the use of a composition
book or science “thought” book for collecting ideas, for

pre-writing_activities; for directed observations, and as a
springboard for discussions. Many of the entries require
studeiits io relate what they have learned to practical appli-
cations in the outside world.

Another method of evaluation which has proven effec-
tive during the experience component of the program is a
biweekly progress evaluation by the teacher and stiidents.
At this time students inform the teacher of the status of
the project they have proposed.

Program Evaluation
To 1mproyerthe experience component of the program,

student work is collected and stored in loose-leaf binders:
Students can read about projects from previous years and

obtain ideas for their own research.
After the third phase of the experience component, stu-

dents are encouraged to enter abstracts of their work onto
a disk for the science department computers. At the begin-
ning of the year new students can refer to the disk for ideas
for their own projects. They can quickly view the abstract

of a project and then refer to the binder for the complete
project papers.

_ The ESCES prograin is continually tindergoing improve-
ments and modifications to meet the needs of our students:
Each year the program grows and expands, involving more
teachers and a wider sharing of ideas. We are enthusiastic
about the future of ESCES and the future of our students.
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Chapter 6
Science Mentor
Program

Gil Turpin

Science Mentor Program

Indianapelis Public Schools
120 E. Walnut
Indianapolis, Indiana 46204
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Program pairs interested students. with exemplary
A professional scientists. These exemplars help students

The Indianapolis Public Schools (IPS) Science Mentor

make realistic connections between school work and career
work, bridging classroom science with applications in indus-
try and research. Program goals are to improve students’
scientific and technological literacy; to show real applica-
tions of science; math; and communication skills; to demon-

strate the critical need for skillful problem solvers; to iden-
tify career opportunities through experiences and conversa-
tions with professional scientists; and to assist in making
informed curriculum and career choices:

Why is Mentoring Important to Students? ,
_Other than slick advertising announcements; there is
very little help available for students interested in careers in

science or technology. Our formal guidarice program starts
in a student’s junior year. If he or she first decides on a
scientific career at that point, it is already too late to sche-

chemistry, physics, trigonometry; or calculus. Many guid-
ance counselors and_ teachers are not well informed about
the academic experiences, professional courses, postsec-

dule many of the prerequisite high school courses like

ondary institutions, or job opportuniities available, and have
little grasp of the changes recent technology has intro-

duced, such as the computer’s role in applied science and
mathematics. o ) .
Students encoanter their first formal scierice and mathe-
matics courses in seventh grade. This is the time when they
begin to challenge teachers. Why must they accept the dis-
cipline and extra time required to tinderstand science and
math concepts? Without an answer to their challenge—
such as satisfying experiences that friendly, informed men-
tors can provide—many steer away from careers in medi-

cine, research, or engineering.

What Kinds of Mentoring Activities are Available?
Our first approach to mentoring was worksite partrier-

ing, in which students released from school meet with a

mentor in the worksite and pzrticipate in an activity exem-

plifying the mentor’s responsibilities and work skills. The

activity is planned to show the range of work responsibili-
ties and skills as well as the people and tasks involved in

accomplishing the mertor’s or employer’s mission. The
mentor develops one of three types of activity plans. In orie,

the studerit works with one mentor in one department; in a
second, the student works with different mentors and each

visit is in a different department; in a third, the stiident

works with different mentors for three to five visits, and

then selects one mentor for more in-depth activity. During

1985-86, there were 25 worksite partnerships for students

in junior high and 65 in high school. = B

_ The worksite partnerships have stimulated four other

kinds of school-based mentoring activities,

® Project assistance—Students often do original scientific
work as part of their school courses, and need specialized

or technical assistance: Mentors advise and assist indi-

viduals or small groups of students with; for example, a

31



science fair project on interfacing comptiters with labora-
tory instruments.

e Instruction—Mentors may present seminars; lectures; or
laboratory special topics to individual students or small
groups; for example, by assisting a student in a formal
presentation of the worksite partnering actxvmes, or
speaking as part of a career day program on chemistry
concepts at work in a hospital lab. Instruction may be at
the school or incorporated into a field trip to the worksite.

® Counseling—Mentors advise students about career op-
portunities, requisite training, and desirable out-of-school

_ experiences.
L Sponsonng——Mentors help teachers orgamze events and

recruit specialists for after school special interest group
meetings, such as Junior Engineers and computer, pho-
tography, or astronomy clubs.

Who Are Nientors?

Mentors are role models who, in their interactions with
students, stimulate them to reach for excellence as they
prepare for careers. Mentors come frora all areas of the
working world: parents, tEachers, EIettntlans, lawyers,

detectives, contractors, programmers, nurses; physicians,
and managers can all function as career role models.

How Students Get Involved in Mentoring Activities?
Partnering is limited to top students, who must meet

ngxd standards for participation, including the maintenance
of a B+ average in all core courses. The technical assisting,
instructing, counseling, and sponsoring activities are open
to all students in the science/math magnet programs at

Shortridge Junior High and Arsenal Technical High. When
possible, special presentations are videotaped for review by
other classes. In this way, many students can have access to
a single mentor:

What Determines Student Eligibility?

~ To participate in science/math magnet programs: jumor
high students should have scored at two years above grade

level in the reading and science or math tests and subtests,
Towa Test of Basic Skills (ITBS); a score of at least 50 per-
cerit on the Critical Thinking Test (SJHS), and have a
recommendation from a teacher:

High school students should have scored at two years
above grade level in the reading and science or math tests
and subtests, ITBS; have a score of at least 60 peicent on
the Critical Thmkmg Test {(CAHS), and have a reccmmen-
dation from a teacher.

To participate in partnering programs, 1umor hlgh stu-
dents should have scored in the top 5 percent on the ITBS

math, science,.and reading tests and subtests, be in the top
5 percent on _the SJHS; and have completed a career inter-
est survey which shows strong interest in a mentor’s work
area. Students must undergo an interview to verify their
tain a B+ average in all magnet courses and complete a
written report of their partnering activities

High school students should have scored in the top 10
percent on the ITBS math, science; and reading tests and
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subtests; be in the top 10 percent on the CAHS; and have
completed a career interest survey which shows strong

interest in mentor’s work area: Students must undergo an
mtervnew to verify their interest; secure parental approval;
and once Selected, maintain a B+ average in all magnet
courses and complete a written report of their partnering

activities.

No limits are placed on student eligibility for the school-
site mentoring activities. Students must provide their own
transportation for the after-school activities. More oppor-

tunities are available for high school students because of
the 4-year program and because many of the mentor activi-
ties require a grasp of higher mathematics and science.
Over 300 students parhcxpated in the various mentor activ-

ities during the 1985-86 program:

Whai Apericies Sup’pcri This Pr’ogram?

ipate in one or more of the mentoring activities, especnally
those agencies whose professional and technical staff use
higher level thinking skills involving science, math, and
communication. Unfortunately, some have not heard of
the program; have insurance or age limitations, or do not

have staff time available during the school day: The follow-
ing agencies supporting the program provide four different
kinds of experiences for students.

Medical Applications
St: Vincent’s Hospital
Methodist Hospital

It School of Medicine
IU School of Dentistry

Research and Development

Indianapoliz Children’s

~ Museum

Naval Avionics Center

IUPUI School of Science

indianapolis. Center for
Advanced Research

AT&T, Consumer Products
Division

Comimiercial Apphcatlons

American Airlines
First Indiana Federal
Savings_Bank
Chrysler Corporation

Amax Coa! Zompany

Eng;neermg Appl;ggtlons
Detroit Diesel Allison

PT Components
Department of Public Works
Inidianapolis Power & Light
JFW Industries, Inc.

How Are Meutoring Activities Arranged?

Mentonng agencies are identified in a unique partner-
ship between the Indianapolis Public Schools and the India-

napolis Chamb- - of Commerce. The Chamber invites par-
ticipation from the agencies and the IPS Science Ment~r
Programi director meets with company officials to plan
activities. Mentors must complete an activity plannmg

worksheet before projects are confirmed.

What Do Students Do in Partnering Activities?
In planmng the ventiire with IPS, méntors must identify
activities that exemplify the application of science; math;

and communication skills. As the pro;ect develops, they
must continually show students how these skills are an
integral part of successful work at their site. Mentors train
students in the use ¢f special instruments and procedures,
and students are expected to participate actively on each
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visit. Mentors are often part of a team of professionals
working on small parts of a larger problem. As a result,
students are introduced to_the various kinds of staffing
required in teamwork problem solving; as well as the
expertise and range of skills essential for maximum team
productivity.

Some 1985-86 Projects B
® Calibrating air quality sampling instruments, digitizing
raw data, collecting data via telemetry, examining com-

puter models of air quality, using a compuiter model to

examine and manipulate quality variables -

® Problem solving, programming, and troubleshooting with

1IBM networks S o

® Preparing and staining specimens for use with light, phase,

 and electron microscopes ,

e Using a computer to control a machining process; making

micrometric measuremienits, and using gauges to check

machining processes o

® Calculating load and balance constraints; mapping routes;
interpreting weather conditions, and observing how pilots
and air traffic managers communicate ] ]

® Using analytical methods to investigate the variables
influencing hormones and growth ) )

® Programming with Applesofi and other machine lan-

guages o

® Using computer analysis with DNA extractions in twin

studies B

® Teaming with medical students for dissection in a ca-

daver lab o o . o

Studying the enervation mechanism of synovial joints in

_ arthritic animals . B

® Diabetes studies and scanning electron microscopy

How Does the Science Mentor Program Work?
The Science Mentor Program (SMP) is a special projects

activity of the Partners in Education Program, part of the

Indianapolis Public Schools’ affiliation with the Indianapolis

Chamber of Commerce (CC). The sequence of activities

necessary for developing a project and the contributions of
the CC and IPS are outlined below. )
1. The CC and SMP director prepare a letter inviting
agency participation: - o
2. The CC routes the letter, SMP overview, and activity

planning worksheet to prospective professional scierce
agencies in Marion County.

3. The SMP director meets with agency representatives

and/or the mentor to affirm the following details.

® Start-up date and visit calendar .

® leam size, student age; and other preferences or require-

_ ments - o

® Need for insurance if working in potentially hazardous
areas

® Dress code or standards, if any

® Project activities and objectives

® Arrangerfients for lunch and visit hours

® Student and parent orientation plans ,

® Location of mentoring activities, parking, and entrance

¢ Mentor’s office telephone and mailing address.
4. The SMP director creates the visit calendar and con-
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firms the visit dates with the mentor. i
- 5. The SMP director begins student selection, verifies

that the performance of selected students meets established

criteria, and prepares a letter informing parents of the
selection results and inviting them to attend an orientation
meeting. __ _ _ - o

6. The SMP director telephones parents one week before
orientatior: to confirm receipt of information; determine
attendance, answer questions and arrange for student
transportation. The director also calls each student 2-3
days before each visit to discuss project activities. -

7. The SMP director prepares a project synopsis and stu-
dent talent profile and oversees the following activities to
keep interested people informed. : -
® A builletin board announcement to inform parents; school

staff, superintendent, and schiool board )

® A memo informing principals of student names, visit
_ calendars, and mentoring agencies _ -
® Memos to the CC on working and new projects being

developed S o -
® IPS Public Relations activities and notification of the media
_ of project activities } . .

® Encouragement of mentor agencies to keep photographic

records of project activities and to prepare a student
scrapbook for the annual culminating activities

8. The SMP director prepares guidelines for student

reports, including the visit diary and final report. These

reports are shared with the superintendent, mentor, par-
ents, and school staff in science, math, and English.

__9- The SMP director makes periodic visits to photograph
and monitor student/mentor activities, and meet with stu-

dents and mentors_for informal evaluation. When project
activities are completed, the director meets with mentor
and agency representatives to review project and make
plans for the next project. L

. 10. The SMP director prepares thank you letters to men-
tor agency representatives, mentors; and teachers: and
prepares memento package for students and parents which

contain project synopses, student reports, and school or
agency photographs. o

__Sample documents, including an activity planining work-
sheet; report guidelines, student record forms, a mentor
affirmation memo; a student profile, a parent letter, a bul-
letin board announcement; and a principal’s memo, are
available on disk for a Macintosh computer. Send an SASE
with $3.00 or a 3:5” blank floppy disk to the SMP director

for a copy of these documents.
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Some

find: Perhaps it exists but in small numbers; perhaps

it is shy and must be coaxed out of hiding. One way

or another, from over 16,000 school districts around the

country, only 11 programs were nominated by the state

SESE committees. And; of those nominated; only five pro-

grams approached the established criteria and were chosen
as exemplars.

While the apparent paucity of excellence is deplorable; it

was not _entirely unexpected Atfter all; as Yager, Aldridge;

and Penick pointed out in 1983, goals of science instruction

are narrowly defined, science—as taught in our schools—

E xcellence in scierice and career education is hard to

appears removed from the world outside the classroom,
and many_ schools retain outdated science curricula,
Ammongst the echiniodermata, equipotential surfaces, and
extragalactic galaxies, there seems to be little time in the
classroom Ffor topics that cléarly address students’ frequent
and legitimate questions: “Why should I study that stuff?,”
and "When will | ever iise that?”

Hearing the usual j jargon of porifera; photons, and pyrites;
students assume science is for the scientists and tune them-
selves out, as Educating Americans for the 2 1st Century (National
Scierice Fouindation, 1983) and other repo. ts have frequently

noted: Students encounter as many new vocabulary words
in science than in most high school class foreign language
classes. Aside from their numbers, science words are daunt-
ing because most of them refer to omethmg students have
never éiﬁéaéﬁééa whereas a cajetita (cookie) can be_seen
and eaten. If science were perceived as relevant, would only
one in eight 1980 high school giaduates have completed
physics, which some call the most basic of sciences?
Shining from this sea of dullness we found five | programs
which may serve as beacons for others interested in mak-
ing science and science career awareness relevant for their

students. Exemplary programs exist in large and small school
districts. in metropolitan and rural areas;, and acruss the
nation. Four of these ﬁve programs show that the devel-

teacher who had taught in her partlcular hlgh school only a
short time, although she was not new to teaching: While
excellence cannot be achieved overnight, the efforts of one
committed teacher obviously can have a profound impact.
Key ingredienits of these excellent programs include the

infusion of career awareness into daily science instruction,
as opposed to relegating it to career days and other rare

sperial events, and a consistent emphasis on science’s career
applications. In Upper Arlington, Ohio, career education

has been a kigh priority of the district over many years. In
fact;, career education is probably as strong in Ohio as it is
in any state, and Upper Arlington has been a leader in
Ohio:

The marine theme pervades the program at Poulsbo,

Washmgton, where students learn through frequent first-
hand experience about applications of science topics in mar-
itime careers.

Jefferson County, Colorado faced America’s pervasive

problem—a lack of time in the daxly _primary grades sched-

ule for non-basic subijects such as science, social studies, and
career education. They addressed the problem by integrat-

ing science and career education with other essential non-
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basics. The result of their integrated effort was an enriched

science and career education curriculuim.

_ In Indianapolis; the Chamber of Commerce and the pub-
lic schools have a longstanding, successful “adopt-a-school”
programi int which various buisinesses and industries coop-

erate with local schools: Within the adopt-a-school mecha-
nism the science department has established a mentoring

program where students, working with people in the
community; see firsthand how the science they are study-
ing is used on the job. o
Finally, in McLean, Virginia, a geology teacher links
instruction with commiunity resources to help students

learn about science applications.

In each of our exemplary programs we expected to find
and did find that the community was involved in science
instruction, but in most cases the community and the
schools were not working cooperatively on curriculum
planning and implementation. The Indianapolis adopt-a-
school program is worth close scrutiny as an example of
how schools and the private “ector can work together
throughout a program, from planning to fruition. =~
_ The task force was disappointed in the degree to which
three of the criteria were unaddressed in the exsmplary
programs, Or at least in the writteri descriptions of the
programs. We expected exemplary programs to (1) demon-
strate to students that people in all careers apply science in
some manner, (2) inake specia! efforts to encourage women,
minorities, and the handicapped in science, since these
groups have been -.znificantly underrer-esented in the
past, and (3) integrate science and career awareness pro-
grams across all grades. , S

While all five of these program reports repeated the
rubric that science is used by all people; that message may

often be difficult for students to hear, for it was only mar-

ginally addressed in most of these prograims. Perhaps the

Poulsbo, Washington program provides the best example

for those considering how to address this issue: ;
Poulsbo’s marine theme leads students to interact with a

cross section of people; many of them engaged in jobs that

do not require a college degree, but which clearly use
science. On the other end of the spectrum, the Indianapolis
mentoring program is only open to a féw students who are

talented and interested in science, with the vast majority of
mentors representing careers with easily identified and
quite traditional tivs to science. Our concern is not about

the mentoring program itself, for it is an exemplary pro-
gram; but we urge people who emulate the IPS program to

broaden both its availability and the range of careers it
presents to stt dents. Plumbers and physicists, electricians

and engineers; ranchers and researchers all use science.

Students ne..' * ' learn, understand; and appreciate this
important fact. o } o 7
Although none of the programs is overtly discrimina-

tory, the issue of equity also receives scanit atterition in
these program descriptions. But since science has for too
lonig beeni seen as the province of the white male, we had

expected an exemplary program, indeed, any science careers
program, to encourage the rest of the student population in

science. From among these five programs, perhaps McLean’s
offers the best mechanism for teachers to influence all stu-
dents to consider science careers.

Not leaving it to chance or the school-wide guidance
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Aruitoxt provided by Eic:

about choosing science courses. That personal, active advice
and encouragzment has been shown to be a powerrul aibeit
simple technique to keep students in the science _pipeline

(Casserly, 1975). We all like to be made welcome. Why can’t

program, McLean scienice teachers counsel every student

we all learn to extend.a simple; direct message of encour-

agement to all our students to enroll in science? Those few;
warm words could have a great effect.

_ With the exception of the Poulsbo, Washington program
(and perhaps Upper Arlington, Ohio as well), these SESE

winners focused on a narrow grade range. Jefferson Coun-
ty’s PIC program was clearly limited to young students,
and the Indianapolis and McLean programs focuised on ado-
lescents. We cannot conclude that science and career
awareness is not featured at other grade levels in these
schools; but we are concerned that the benefits of science
and career awareness not ve undercut by a lack of sus-
tained attention. , ,

In spite of these real concerns, we are also encouraged
that somewhere scienice and career awareness is practiced suc-

cessfully in every grade. Those who would build on these

examples must meet the challenge of putting together a
K-12 program, as has been done at Poulsbo. We do not
suggest that a unifying theme, like Poulsbo’s marinie theme,

is necessary, but we do note that Poulsbo started its marine

program with the conscious purpose of integrating the

theme into the curriculum across the grades.
Although some express disappointment with the SESE

process when they realize that the exemplary programs are
not perfect, we need to accentuate the positive. None of us
and none of our school programs are perfect; there is
always room for improvement: These five schools can teach
us important lessons, and show us positive directions in
which to move. In addition, they clearly demonstrate that if
scientific literacy—broadly proclaimed as a major goal of
our science curricula—is necessary for all citizens; we must

modify science programs across the nation to persuade all

students of the personal, social, and career relevance of
science. . o B
_These five programs do more than point a way; they
show us that excellence exists, and can make a difference.
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