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AERA Paper L

From Thoery o Design and Deovelopment:

Foundational Ap.roaches In Science Teaching, A Case Study
Yrancis M, Petrtonger, ITI

This case study is intended to describe one of the projeczs developed by
the Curviculum Reszsearclh gnd Devalopnent Group (CRDG) of the University of Bawail
througn the several stages of its evelutiocu. The project is the Foundatijional
Approaches in Sci:nce Teaching, or FAST project. FAST has been chosen for
Jdiscnssion because it is one of the early poojects of CRDG. It possesses many
characteristics inm ccmmon with orher projectis and now enjoys a high level of
acinptance by the gublic and private schocls of the State. Some. 80 percent
of the intermediate gchools in Hawaii use parr or all of the FAST program of
instruction.

FAST is a ravltidisciplinary environmental science program which emphasizes
fovadational zoncepts of the biological, eavth, and physical sciences and relates
these to practical issues of man's use of the environment. It is designed for
use in grades 6-10. There are three sequential levels to the program--FAST 1,

2, and 3. Each constitates one year of science imstruction.

In Part I this paper will trace the beginning conceptualization of the
project, then in Part II give a brief outlina of the program as it exists today.
In Part ITI it will undertake a description of the crafting process folloved by
a sketch of dissemination activity. Finaily, ir Part IV a few comments will be
offered on lessons learned and conjectures made about state or regionally developed

curricula.
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PART 1: GENESLS OF FAERT

Curriculum projects are ploducts of a gnceial mix of opportunity and people.
/i project's origins and latev dimamics cannot be fully understood unless cune has
a soepse of the mix cod the context in which the project developed. So it was in
the deve.opmenc of FAST. In June of 1964, a major conference was held in Hawaii
to roview rhe status of the full curricujum of State schools, to assess the
direction uf the then flourishing nat.on.l curriculum movement, and to set goals
for a state sponsored curriculum developument gffort. Motivating the conference
were two factors, the cornucopia of Title ITL monies then just beginning to flow

-1

co tae staces and tac amwitions of e ¢~ oraduce a4 state-vine curriculum

withoot peer thrvough ins newly constituted cnrriculum design agency, the Hawaii
Curriculum Center (HCC). It is important to remember throughout this presentation
that Hawaii has a single stataasiﬁe system of primary and secondary education.
Initially, the HCC was a combined enterprise of thz2 Department of Education
(DCE) and the University of Hawail College of Educatior. Laboratory School. Within
three years of their union, there was a separation of the respoasibilities of the

two agencies. Two separate organizations were formed. The Department of Education

i

kept the name Hawaii Curricuium Center, and the Universicy division took the name
Curriculum Research and Development Group., Even with the separation of the
agencies; an ynusuallv high degree of cooperation remains with both groups
committed to the achievement of the original visionary goal.

The science section of the June 1966 conference had representation of a
broad spectrum of the State's educational inte'ests, including the University of
Hawaii's College of Arts and Sciences and College of Education, the Department
of Education, the private sector of educatdcn, and industry. The section report
of science was a bold statement calling for a sequentisl K-12 science curriculum

to be instituted in response to a state-wide needs assessment study. It further
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called for a standing science education council to be established to monitor
the process.

.In the fall of 1966, the Hawaii Science Curriculum Council wae formed as
an advisory group to HCC. In accordance with the recommendstion of the confer-
ence, the Council immediatelv undertook a needs assessment study and presented
its findings in November of that same year.

Analysis of needs proceeded out of two sets of assumptions. The first was
addressed to the import of science education in the general education curriculum.
Tt asserted that effective citizen participation in the social transactions of
a scientifically and technologically based democracy demands a scientifically
literate citizeary. Schools, therefore, are called upon to provide studies of
as many dimensions of science as can be authentically experienced within the
resource and time constraints of the educational system.

The second set of assumptions was addressed to the structure of the science
curriculum. This set had matured in the mid-1960's, particularly in the works
of Phénikl, S;hwabz, and King and Brownell3. In essence the assumptions con-
stitute three pcopositions and a conclusion. (1) Science as we know it has
been generated out of the discourse of disciplinary communities. (2) The
structure of the scientific disciplines has been reasonably well identified in
the works of the historians and philosophers of science. (3) The very existence
of the scientific disciplines 1s founded on their instructive character, or
capacity to transmit their operational structure from one generation of disci-
plinarians to the next. (4) Therefore, a sciencé curriculum modeled after the
structure of the scientific disciplines should give students an authentic view
of science and have a high probability of instructional success.

The Council found the national work in the area of the elementary school
promi: ‘ng, but untested, and the programs developed for the high school (BSCS,

CHEMS, PSSC, etc.) already implemented and functioning. However, the curriculum



O

ERIC

Aruitoxt provided by Eic:

of rhe intermediate school had yet to be shaped to articulate with thie new
programs.

The intermediate science curriculum in Hawaii's schools was, in 1966-67,
basirally textbook-centered with little place for laboratory work. The sequence
of courses ran biology, grade 7; physical science, grade 8; and earth science,
grade 9. One science course was required in grades 7 or 8. Others were clective.
The major blemish on the total science curriculum (K-12) was an almost complete
absence of material for the study of Hawaii's unique eavironment. In both
biology and earth science, ecological examples were drawn from mainland environ-
ments where there are snakes, coyotes, birches and silicon sands--all foreign to
Hawaii.

The committee recommended the following: 1) Curriculum work should be
started on a three-year program for the intermediate school to bridge the gap
betwaen process—oriented programs of the elementary school and the disciplinary
programs of the high school. 2) The program should be rooted in field and labora-
tory inquiry. 3) The program should accommedate the subject matter of the then
current curricular sequence. 4) The program should give perspective to the role
of science in society. 5) The program should reilect with as high a degree of
fidelity as possible the operations of the disciplines of science. 6) The
program should be as inexpensive as possible. 7) The program should be addressed
to the full range of students found in normal classes in the inte.mediate school.

8) The program should provide for teacher training and inservice support.

P4PT 31: STRUCTURE OF FAST
.+ us now leap over the intervening years and describe the program as it

exisid today so that it' is possible to see how the recommendations of the

L'l

Council have been carried out. The content of the program is organized into
three strands (see Figure 1). Ecology and Physical Science provide two formal

science strands, while a third strand called the Relational Study provides
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integrating material to develop an understanding of the relationships among the
sciences and between the sciences and technology in satisfying societal needs,
Figure 1 shows the major scientific topics and socio-technological issues

that are studied at each level of the program. For example, in the first level
the Physical Science strand concentrates on the development of an understanding
of the physical properties of matter and the role of heat in state change.
Concurrently, the Ecology strand concentrates on investigation of the students'
local school and home environment. Regular inserts of Relational Study content
tie these two studies together by causing students to reflect on the similarities
and differences of the styles of inquiry of physical science and ecology.
Finally, a terminal Relational Study unit involves the students in study of a

major social issue, air pollution, thereby demonstrating the social relevance

m

of knowledge developed by the physical and ecological sciences. The same general
structure is developed in each of the three levels of FAST.

A closer look at the first level of the program will better clarify the
design. Figure 2 lays out the unit structure in detail. The unit topics of the
Ecology strand are shown on the right, the topics of the Physical Science on the
left. 1In FAST 1 students begin work with a study of buoyancy and density
phenomena, taking into consideration different media and the effects of tempera-
ture. Introduction of basic laboratory skills, measurement, graphing, and equip-
ment manipulation are an integral part of the inquiry and are not taught as
separate topics. Concurrently, students investigate plants and animals, consi-
dering their natural growth cycles and conditions for optimum maintenance.
Relational connections between the two strands are at this point found in the
use of common tools.

In the Physical Science strand, students next pursue studies of gases,
emphasizing pressure and buoyancy, then proceed to studies of state change and

heat. Concurrently, in the Ecology strand they study some area of the school
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yard, its soil, plant cover, animal populations, and the errect oL weatner on
that area. Here the connections between the strands become very strong. The
physical science has provided the apnalytical knowledge necessary to explain
winds and the water cycle while the ecological strand describes the holistic
import of the weather elements on the environment.

As a capstone to the first level, the content of the Relatioual Study is
directed to the study of air pollution. This causes students to focus on the
knowledge they have gained in the other two strands and to relate this knowledge
to the practical world of social decision. lere the student is confronted with
the reality of often conflicting values when scientifically based environmental
impact projections are viewed in the light of economics, aesthetics, and legal
factors.

To understand the operations of the ongoir: program, the mechanism for
introduction of topics needs explanation. Figure 3 shows the same units of FAST 1
outlined according to their temporal appearance over the course of the school
year. Both Physical Science and Ecology units are broken into smaller blocks
of one to two weeks of work which are taught alternately, for example, a
Physical Science block, an Ecology block, a Physical Science block, etc. This
arrangement has a double advantage. First, it gives an opportunity for natural
processes studied in the Ecology strand to go to completion while students are
engaged in a collateral Physical Science activity. It is in this sense of
simultaneous ongoing ecological investigation that we speak of the concurrency
of studies. Second, this rhythm of investigation gives a psychological break in
the inquiry, which greatly leavens learning. A year of single-discipline coverage
can become patterned and flavorless, especially for the beginner who has wide-
ranging interests.

In the day-to-day classroom activity, students work through the many tasks
that occupy disciplinarians., Between 60 and 70 percent of class time is taken

up in laboratory or field work observing, describing, experimenting, and generally
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doing those things necessary to develop a logical and consistent explanation of
selected phenomena. The remainder of the time is used in preparing reports,
defending hypotheses, gzeneral discussion, demonstration by both students and
teachers, preparational activities for new work, and individual grappling with
challenge problems.

The roles taken by students and teachers become important in replicating
the disciplirary experiences. As a neophyte in the sciences, students spend
much time as research colleagues, working at the tasks of hypothesis formation
and testing. Roles of writer, speaker, critic, and discussant flow from the
group analysis mode of laboratory and field work. Finally, students are
encouraged to act as peer teachers in mastering concepts and techniques and as
evaluators of their own and group work.

The basic teacher role shifts from lecturer to organizer and research
director-facilitator. Though mini-lectures and demonstrations are empioyed
the principal method of knowledge generation is student investigation. Discus-
sion becomes very important to the dynamics of class progress, and the teacher
is often cast in the role of discussion leader. Ideally, the basic evaluation
responsibility is placed on students with the teacher acting as validator.

As part of the experience of being a scientist, students write their own
text. Information for their text comes out of their own investigations, which
are guided by a set of written problem statements and procedural notes. These
worksheets are supplemented with a reference library which describes laboratory
techniques and presents information that goes beyond the scope éf_sfudent
investigation.

There are other characteristics of the program which can be considered
special features. Though a wide range of techniques are employed in quantifying
data, graphing is used as the basic technique. Use of graphing has made possible

the involvement in quantification of many students who otherwise would have
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11
lee® urmibl ¢ tQ co e wiith the nathematics of such a program.

The peremi-al prob len of resding deficiency is handled by a series of
pechanEsns . o s wpEement written instructions, the teacher's guide includes
pro-ﬂédi;iraL flay diligrms for non~readers. These can be used as thermofax
nag terss Ec;:sr‘piad@cing ¢l assroom Sets. The reading level of FAST 1 using ﬂ"lE
wod fiel Flsch swle gives 2 readability ranging from 5.2 for the student
wr ksheets to §.0 foxw the noxe sophisticated reference library works. Considerable
timee 19 spent juring teacther training in preparing teachers to familiarize
stu denes wiith the spexizl structure of science writing, so that the materials
nay be reamd wdth grester understanding, Most important, the written and pictorial
recotd of the steaden®-masde text appeaxs to stimulate reading.

Cost prollemss hawe been reduced, if not solved, by relying on standard
ca tilog mitexials~eal-ers, flasks, themometers, etc. All supplementary
na terdale are pale by students during experimentation or by teachers in their
traindng s ttigoates -

It has been or exprerience that the change from the conventional to FAST
st yle of teaehirmg talkes, at minimum, a full year to gain fluency. A new
te dcher Firstmuast e crained in the use of the materials. For many teachers,
th 15 mnearms leggreaing news vays of coping with class control and organization.
Be ciuse cof the pljox chsange in classroom operation, the project has its own
fi eld limmisom w1 iss ressponsible for regular classroom visitations, teacher
colicelirng, amd the orcchestration of deeper tracher involvement.

Io thais Byief description is seen the redfication of the directives of the
retncdl, The guabject mittex required by the State has been covered while
r;g,tfieﬂtiﬂg with 2 h=jh degree of fidelity the disciplinary and applied nature
of the molerm scleniific enterprise. The program has dealt with the range of
seWemts vho normallly populate the intemediate schools through siight modifi-

catlom of ma-ter£ol =nd by special instructions of teachers during training, and

13




12
the costs have been pared to the bone.
PART III: DEVELOPMENT OF FAST

Having described the product, we can mow return %o the cycle of developmemt
that has produced FAST. Three things must be emphasdzed. First, FAST was
developed in a laboratory school setting. Here there was a comstant interplay
of theory, practical school experience, amd the cleax, cold light of the reality
of classroom txial. Second, even with this empirical base, the program had to
be further modified in the even more penetrating light of pilot testing. Third,
the field success of the program has rested on highly structured teacher training
and intensive follow-up field suorort.

With the official establishment of the FAST project for exploration in the
fall of 1967, three steering committees were established, one £or each of the
strands. These committees generally met sepatatel&i but joined their efforts
when interfacing problems needed exploration. Their fixst function vas to work
out with the staff outlines of potential content: These outlimes were then
crafted into a set of exploratory units which vere tested with Undversity
Laboratory School students. Feedback was direct and specific. Basically, the
first year was just what its pame implies—-exploratoxy, At its cenclusion, time
staff had produced a sufficiency of materials and outlimes to make extermal
review advisable. Reviewers fncluded some of the princdpals whwo contributed Lo
such programs as CHEMS, BSCS, and CBA. The ideas of the threeﬁar;:andga struttyre
of the program and the general appf@aeh to inquity yere fecgived with entchusiasm s
and with this validation, development officially began dn the £all of 1968,

Over the next two years, the content of the progxam vas shaped and tested
and reshaped in a continuous succession of Laboxratory Schaol trials. The
ordering of experiments, the language, and t.:¢ mathematica emp_loy-sd vexe all

Al

molded in this empirical process. By the summer of 21,97!3. FAST 1 was ready for
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piloting testing. Usiug a teacher-training grant from the National Science
Foundation, 30 teachers, mostly from the Island of Oahu, were brought to the
University of Hawaii and given six weeks of intensive training. This training
included a complete hands—oun trial of all experiments and TV monitored micro-
teaching of the early experiments in the program, using summer school students
brought into the Laboratory School. An extensive background lecture series was
given in the areas of physics and ecology. During the course of the following
year, biweekly feedback sessions were held to collect information for use in
revision work. In addition, one étaEf member was assigned the task of acting
as field lialson with the teachers, visiting classes on a weekly basis to detect
program deficiencies and successes.

The same procedure of crafting and testing was used in the development of
FAST 2 materials which were ready for piloting in the summer of 1971. Again,
a National Science Foundation Grant was used for teacher training in the
previous summer. After the 1972 cycle was complete, our National Science
Foundation money ran out, and we were forced to develop new dissemination
techniques.

Austerity forced a trimming of our massive teacher-training model. Over
the next two summers, we successively pared the training from the original
six weeks to four, then to two weeks. Time economies were made by reducing the
number of hands—on trials of experiments, eliminating all microteaching in
favor of role playing and dropping the content background lectures. Much to our
surprise, we found that we had been overtraining our teachers, overtraining in
the sense that we had been providing them with more information than they could
effectively asgimilate in the course of a single summer. This revelation rein-
forced a basic hypothesis that curricular change that needs development of new
teaching skills 1s a long-term process, requiring continued teacher involvement

with people knowledgeable in a program.
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PART IV: GENERALIZATIONS

With this background, a series of generalizations and hypotheses can be
nade about program development and dissemination. The FAST project contrasts
in many ways with the massive first generation science curriculum projects of
the 1950's and 1960's. Most obviously, its production costs were much less in
total dollars, A major factor in the high cost of the first generation program
was the scope of initial piloting. This was essential since earlier projects
relied principally on field trial information for revision. FAST, in contrast,
was able to employ a laboratory school environment for feedback for a iull three
years before piloting.

For FAST, a major economy came in anonymity. From their inception, the
early curriculym projects were engagad in a massive public relations effort
forced by the educational concern of the time and the style of testing and
dissemination. This a<tivity is exceedingly draining of tine and talent.

FAST, being developed in the mid-Pacific, was out of the spotlight and could
concentrate most of its energies on production. This is not to say that there
vere no demands for accountability, but such demands were relatively easy to
handle in the close community of the DOE, University and legislature.

Developmental rate and permanency of staff is very important in cost reduction,
Rapid development requires many hands and minds all working simultaneously.

This is necesgarily redundant, and information flow is increasingly complex,
requiring a large administrative hierarchy of monitors and coordinators. Quick
turnover in personnel was a common feature of many of the early projects, where
writers produced a product and then left after a summer to teach or do research,
By accepting a slower developmental rate and placiﬁg the function of writing in
the hands of a4 permanent career staff, FAST has been able to greatly reduce

expenditurc: Most staff members have worked together on the project for five
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or more years and know the full history of problems and solutions. At its peak,
FAST had but six developers.

Possibly, the greatest inducement to cost cutting is knowledge that the
project is under budgetary restrictions. Painful and oppressive as a tight
budget may be, it does force all concerned to continually ask the question

""is this purchase necessary?"

Initial Dissemination

We have learned much from the dissemination efforts of the first generation
projects and have built ypon that experience. Dissenination of earlier projects
was based on several assuymptions. First, it was assumed that teacher traiming
is necessary to the initial implementation of projects. Our experlence validates
this.

Second, it vas assumed that a cadre of trained teachers would have the
capacity to act as models and constultants to theif colleagues and thereby
maintain the vitality of e¢stablished programs., History has proven disappointing.
Overlooked was the extreme mobility of science égachers of the 1960's and a
reluctance to establish professional dialogue, A survey of 40 secondary teachers
in one district who were National Science Foundation trained between 1960 and
1970 vzvealed that of the 40, 10 percent wEnﬁiintﬁ administyation, 15 percent
into higher education, 25 percent retired, 30 percent ieft teaching, and only
20 percent remained in the classroom at the end of the period.

Third, it was assumed that colleges and universities would automatically
take up the training of uew teachers in their pre-service courses. However,

many, if not most, collegiate sclence educators held to the philqsaphy that

programs. Therefore, digcussion of first generation courses most often became

a part of a general survey of curriculum. As a result, fledgliﬂg science teachers

17




floundered im thelr first encounter with the first generatien pregrams and more
often than not abandonmed them, heaping contumely upon the entire curriculum
development movenment.

Fourth, it was assumed that the product of the projects was better than
anything in the field and, therefore, could in final analysis compete on the

open market through normal publishing channels. The reputation of the projects

gave a false early success pattern. However, sales figures were a poor measure
of the havoc spread among the untrained.

With this history, we had some clues as to how to proceed in dissemination.
First, only those teachers who have been trained in the use of the materials are
certified to teach FAST. Sale and distribution of materials are controlled by
the University of Hawaii, assuring compliance with certification requirements.

Second, we have specially trained a group of field teachers who do the vast
najority of in-service training. This capitalizes on the cadre concept, but
assures that time and financial support are provided for the activity. Learning
to use a new program cannot be left to chance encounters in the lunchroom or
after school.

Third, we have temporarily accepted as a reality the philosophy that pre~
service training should continue to be general. As a result, all recent graduates
are treated as any other teacher and go through the entire training program.

Fourth, though missing the gloss of commercial work--they are typewritten--
the materials have been well recedived by students and teachers énd do success-

fully compete in the market without any state mandate.

Beyond Dissemination
There is another body of dissemination knowledge which goes deeper than the - ;
lessons found in studying the first generatlon programs. We have found that

there ie a teacher enthusiasm curve that must be taken into account in considering "
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the projection of usefulness of any program. As previously noted, we have a
full~time field liaison person assigned to visitation and attending to the
needs of teachers. DBecause of geographical isolation of some neighbor island
teachers, in earlier stages of the project, we were unable to completely service
all field teachers. When this occurred, we found that there was an early drop-
off{ in enthusiasm for the program, compared to that of teachers regularly
corntacted by our field representatives.

Closer examination of enthusiasm has revealed an interesting cvele. After
summer training, our teachers reach a peak of initial enthusiasm, Then, in the
first month of school, the harsh reality of inflated expectation comes home.
This is a phenomenon that is common even when teachers are forewarned. With
the aura of panacea gone, teachers readjust to more realistic expectations and
reestablish a growth of enthusiasm (see Figure 4).

A plateauing trend shows up in enthusiasm about the fourth year for the
supported group, earlier for the unsupported group. Then, a tapering off occurs
in following years. The plateau however, does not appear in the involved
teacher trainer cadre group. Armed with this generalization, we hypothesize
that in addition to differential stroking, we are dealing with a learning
phenomenon. After three to four years, teachers appear to have learned all they
care to of the subject matter of a program and are looking for new information
to master.

The contrast betveen cadre groups and non-cadre groups vwas informative
since the cadre group generally was equal or superior to non-cadre in subject
matter mastery. We hypothesize that by involving cadre teachers in training
we have supplied a nev content to be mastered. As training cadre they must
give attention to the detail of student learning defiﬁiencies, classroom
orgauization, evaluation, the structure of the disciplines, etc. In effect,

by being involved as trainers, teachers have gained new insight and set new goals,
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Out of this experience, we are now undertaking to develop further FAST
program-specific institutes for all teachers to study in depth the same topics
that have triggered the continuing positive enthusiasm slope of the training
cadre. This program is in its infancy, but seems to reestablish the desired
positive enthusiasm curve among teachers generally. From the standpoint of
developing true master teachers, this insight appears an essential next step.
Equally important, it may prove a means to greatly prolong the functioning
life of a program,.

In summation, we feel we have demonstrated that substantial curricular
efforts of éansequencé can be mounted and supported out of local or regional
resources. However, we question whether the hold-over mechanisms of the 1960's
for curriculum dissemination can be successfully employed to support such
programs. Where support resources for training and follow-up services are
available, programs such as FAST have a high prognosir for successful long-

term operation.
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