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Curriculum Development
at the Biological Sciences
Curriculum Study

By placing enduring scientific principles
in a context useful to teachers and
sympathetic to the prevailing educational
culture, BSCS textbooks have transformed
the way many students learn biology.

But new challenges lie ahead.

Enowledpe &5 of most worth?"

he Biological Sciences Curricu

I lum Study (BSCS), a nonprofit
corporation, was established in

1958 to rejuvenate and restructure the
tenth-grade biology curriculum. BSCS
accomplished this task by first updat-
ing what Bentley Glass (1970) called
‘the antiquated content of the biology
courses in the high schools” with more
experimental, quantitative content, and
second, by designing materials thar
promaoted “the teaching of science as a

The objective for the crorriculum developer & 1o answer a question_ first raised by Herbert Spencer in the mid-nineteenth century, 1o wit- “Wheat
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process of investigation and inquiry,
rather than simply and wholly as a
body of knowledge™ (Glass 1970).!

Those two principles of curriculum
reform were reinforced by a decision
to avoid a single representation of
biology (Glass 1970). The result was
the development of three separate
textbooks: Biological Science: A Mo-
lecular Approach (blue version, orig-
inally published as Biological Science:
Molecules to Man), Biological Science:
An Ecological Approach (green ver-
sion); and Biological Science: An In-
quiry Into Life (vellow version). The
books have sold more than 5.5 million
copies since their commercial release
in 1963. A fourth program, Biological
Science: Patterns and Processes, devel-
oped for high school students who are
unsuccessful learners, has sold more
than 750,000 copies since its develop-
ment in the mid-1970s. BSCS text-
books have been adapted for use in
over 60 countries.

Independent analysis has shown
that when compared to traditional
textbooks, the BSCS basal textbooks
resulted in improved student achieve-
ment, improved process and analytic
skills, and improved attitudes toward
science (Shymansky 1984).2 Further-
more, BSCS programs were more
effective in improving achievement,
process and analytic skills, and ati-
tudes toward science than were other
major curriculumdevelopment pro-
jects of the 1960s, such as PSSC Phys-
ics, Project Physics, CHEM Study, and
the Chemical Bond Approach. The
BSCS has had a secondary impact on
biology education in that many other
high school biology textbooks follow
the BSCS model.

William Mayer (1978 in press), Ar-
nold Grobman (1969, 1984), and Glass
(1970) have analyzed in detail the

process used to develop the three
BSCS versions. As important as the
process itself, however, was the deci-
sion to make the BSCS a permanent
enterprise, rather than to apply its
curriculum development process only
as an ephemeral palliative for the
deep-seated problems in biology
education.

Determining What Is

Worth Knowing

The rate at which new knowledge
accumulates in biology is daunting.
One may, perhaps, quantifv this ex-
pansion of knowledge in terms of new
research articles, new journals, or new
pieces of information. No one person,
however, can truly comprehend the
impact of the steady accumulation of
information on the conceptual frame-
work of the discipline.

Yet, curriculum developers in biolo-
gy (and other disciplines, as well)
must synthesize and interpret tremen-
dous quantities of information. They
must choose from an enormous body
of knowledge information that con-
veys to students a cogent answer to
Ernst Mayr's (1982) seductively simple
question: “If one wanted to say a few
words about modern biology, what
would one say?" To atempt to answer
that question in isolation from those
who generate the information, or from
the context of general education, guar-
antees the development of irrelevant
materials. The objective for the curric-
ulum developer, then, is to answer a
question that parallels Mayr's, first
raised by Herbert Spencer in the mid-
nineteenth century, to wit: “What
knowledge is of most worth?” (Spen-
cer [1854] 19606).

In arriving at an answer to that
question we consider several critical
criteria.

Criterion 1: How well does the fnfor-
mation in question illustrate the basic,
enduring principles of biology? Atten-
tion to that question helps avoid what
Paul Doty and Dorothy Zinberg (1972)
called the “temptation of being cur-
rent,” that is, to incorporate into cur-
riculum new information simply be-
cause it is new, absent of any
justification for how it helps students
understand major concepts. One
might, in a chapter on genetics, list the
human genes that have been mapped
most recently to highly localized re-
gions of specific chromosomes. For
the average student, however, that is
useless information unless it is dis
cussed in the broader context of a
major unifying concept such as genetic
continuity (see note 1), or applied to a
particular problem that has personal
and social utility such as the use of
gene mapping in the prenatal diagno-
sis of genetic disorders.

This guideline, which is important
for curriculum development at the
national or local level, helps develop-
ers avoid the growing tendency to-
ward producing encyclopedic, vocab-
ulary-laden textbooks, a trend that will
likely accelerate as a result of new
information and newly developed
state science requirements (Mclner-
ney in press). It also requires that the
developers understand thoroughly the
major organizing principles of the dis-
cipline, and that they involve advisors
and writers who do, as well. Although
that seems obvious, biology and other
disciplines are saddled with textbooks
whose concentration on minutia dem-
onstrates that the developers did not
sufficiently comprehend the major
precepts of the discipline, or con-
sciously subordinated major princi-
ples in favor of information for its own
sake
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Mary well-conceptualized curriculums quickly attain state-of the-shelf stanus becawse they fail o

attend 1o the realities of the classroom and the backgrounds of the teachers for wbom the

materials are developed

Criterion 2: Do teachers and ad-
ministrators perceive the proposed ma-
terials as useful and important? Cur-
riculum development at the national
or local level is generally based on an
assessment of what the target popula-
tion needs. The distinction between
wants and needs is critical. What sci-
ence teachers want—for example,
"how to” activities—may not be what
they need, which may be a clearly-
articulated, comprehensive biology
program

In our experience, teachers often
determine utility and imporntance by
assessing whether new materials can
occupy a well-established niche in the
current curriculum. BSCS, for exam-
ple, has had linle trouble with the
implementation of Basic Genetics: A
Human , because virtually
all high school biology courses devote
substantial time to genetics. The major
problem has been to convince teach-
ers to abandon their traditional con-
centration on plant and animal genet-
ics in favor of human examples, and to
embrace pedagogical techniques such
as role-playing and group discussion

of ethical dilemmas, techniques for- |

€ign 1o the average science teacher

Conversely, new BSCS modules

| from the program Innovations: The

Social Consequences of Science and
Technology, have not been as success-
ful, despite excellent reviews in the
literature (S-575 Reporter 1985). The
modules have a sound scientific base,
but they do not have an obvious cur
ricular home because they concen-
trate on the political, ethical, and eco
nomic implications of rapid scientific
and technological progress. The sec-
ondary science teacher must create a
new niche for the materials, thereby
excluding other topics, or must use
this program to illustrate traditional
material in new ways. The developer,
therefore, must overcome the com-
pound problem of resistance to new
content and to learning new teaching
strategies

The problems of assessing the per-
ceived utility of new materials may not
be quite as severe in the case of local
curriculum development, where teachers
and administrators may articulate
needs more clearly and the curricu-
lum into which the materials will fit is
more familiar to the developers
Nonetheless, local developers must as-
sess carefully the teachers' percep-

tions of the proposed materials. That is
especially important in light of re-
search on implementation, which
shows that educational innovation
must have support from within the
system, not be imposed from the top
down (Komoski 1985)

The issue of perceived utility and
importance raises the critical question
of the extent to which curriculum
development can promote innovation
Curriculum developers do not seek to
maintain the status quo; they desire
instead to promote change in the con-
ceptualization of a disciplire or in the
teaching strategies used to convey a
particular conceptualization. Develop-
ers must, therefore, be willing to take
some risks. They live with the continu-
ous tension between promoting inno-
vation through new materials, and
keeping those materials sufficiently
recognizable to teachers to ensure
their use. If BSCS, for example, were
to forsake innovation in its materials,
there would be no reason to maintain
the organization Conversely, if new
materials were so different as to ig
nore the realities of the classroom,
there would be no market for them
The extent to which innovation is ac-
cepted depends on the educational
climate. Some BSCS programs, the
versions, for example, were devel-
oped during periods of strong support
for educational reform; those pro-
grams resulted in wholesale revisions
in the biology curriculum. Other pro-
grams, developed during less active
periods, acknowledged the need for
incremental change. We believe that
the educational community is on the
verge of a more active period where
substantive change is again possible

Criterion 3: What is the relationship
between the proposed curriculum ma
terials and the prevailing context of
general education? Just as a host of en-
vironments—from the cellular level to
the level of the biosphere—influences
the expression of individual genes, the
framework of general education influ
ences the development of curriculum
and its ultimate expression in any giv-
en classroom. Curriculums must adapt
to reflect the prevailing perceptions of
the purpose of education (Boyer 1983,
Goodlad 1984, Sizer 1984)

Notwithstanding the many and var-
ied opinions on what the American
educational enterprise is intended to
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“Biolﬁ and other
disciplines are saddled
with textbooks whose
concentration

on minutia
demonstrates that
the developers did
not sufficiently
comprehend the
major precepts of

the discipline,

or consciously
subordinated major
principles in favor

of information for

its own sake.”

accomplish, the curriculum developer
must ensure that new materials reflect
the broad goal of preparing students
for effective citizenship in a democra-
¢y With respect to science education,
that means preparing students to com-
prehend the components of a rapidly
changing society that depends heavily
in both intellectual and practical terms
on science and technology

Early BSCS materials responded to a
prevailing perception that science
education should be organized on the
knowledge base of the discipline and
that inquiry-oriented instruction
should help students to think and
solve problems the way scientists do.
The organizational structure for the
biology curriculum was derived from
the structure of the discipline itself
and from the processes by which biol-
ogists conduct research. There was
litle concentration on the personal
and societal implications of the biolog-
ical sciences.

Beginning in the early 1970s, how-
ever, BSCS materials began to reflect
the emerging opinion that science
education should acquaint students
with the ways in which rapid progress
in science and technology challenge
long-standing values and traditions
and raise new questions of ethics. That
opinion is now a working assumption
for science education and for general
education as well (Hurd 1986, Hick-

man and Kahle 1982, Graubard 1983,
Bybee 1985).

The strong support for including
science, technology, and society
themes indicates how the perception
of biology education has ¢
since the inception of the BSCS. This
trend has also expanded the BSCS
perception of inquiry. Formerly, in-
quiry referred exclusively to an inves-
tigation of the scientific method. New
BSCS programs include in the process
of inquiry an emphasis on decision
making that results from the personal
and societal implications of science
and technology.

Lessons from 28 Years of
Curriculum Development

The three criteria described above—
ability of new curriculum to illustrate
basic concepts, utility and importance
of the information, and the relation-
ship of the material to the goals of
general education—help the BSCS
staff and board of directors plan, con-
duct, and implement new projects.
The BSCS board and staff strive to
anticipate sound trends in biology and
in science education and to bring
these trends into the educational
mainstream, often against consider-
able inertia. The following brief dis-
cussion presents four enduring prob-
lems that contribute to that inertia, and
suggests how these problems might
be resolved.

1. Implementation. The best curric-
ulum material is worthless unless it is
used effectively by teachers and stu-
dents. Many well-conceptualized cur-
riculums quickly attain state-of-the-
shelf status because they fail to artend
to the realities of the classroom and
the backgrounds of the teachers for
whom the materials are developed.

The intensive teacher-education in-
stitutes conducted with federal monies
in the 1960s and 1970s are unlikely to
occur again, particularly under the
current administration. Curriculum
developers must, therefore, depend
on various cooperative mechanisms to
introduce new materials and new
teaching strategies. Among those are
workshops supported by local school
districts and publishers. One publish-
er of BSCS materials—Kendall/Hunt
Publishing Company—has trained ten
consultants (identified by the BSCS) to
present workshops ranging from one

hour to a full day on the content,
philosophy, and instructional strate-
gies of BSCS materials. A newly funded
BSCS project trains leaders from
school districts in the Pikes Peak re-
gion to conduct inservice seminars on
the use of the microcomputer in the
science classrooln. New BSCS materi-
als will include computer software and
print materials to allow for dis-
trictwide coordination of implémenta-
tion efforts.

2. Funding Curriculum develop-
ment at the national level is costly.
Consul@nts in biology and education,
writers and artists, nationwide field
testing, and formative and summa-
tive evaluation of field test materials
require substantial funding. Govern-
ment support for curriculum develop-
ment has decreased, and the Gramm-
Rudman-Hollings Act ensures that the
decline will continue. Yet the federal
government itself calls for new curric-
ulums in science to meet the needs of
a changing society (National Science
Board 1983, National Commission on
Excellence 1983) as the amount of
scientific knowledge continues 1o in-
crease, and the implications of that
knowledge for citizens in a democratic
society grow more troublesome and
complex.

During the last half dozen vears, the
BSCS has expanded its funding base to
supplement funds available through
competitive grants from organizations
such as the National Science Founda-
tion (NSF). Indeed. many BSCS pro-
jects are now supported by a consor-
tium of funding organizations
including government agencies, pri-
vate foundations, corporations, and re-
search societies. For example, the de-
velopment and distribution of
Immunology and Human Health was
supported by NSF, the American Asso-
ciation of Immunologists, and the Na-
tional Association of Biology Teachers
The development of a new module on
genetic technology is supported by
grants from the Monsanto Corpora-
tion, E. I. du Pont de Nemours &
Company, Ward's Natural Science Es-
tablishment, and NSF. BSCS is current-
ly conducting a design study for a K-6
science and health program in cooper-
ation with the Educational Systems
Business Unit of International Busi-
ness Machines. A proposal to develop
K-6 materials based on the design
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study includes support from the Gates
Foundation, the Adolph Coors Foun-
dation, NSF, and School District No. 11
in Colorado Springs.

Those developing materials for lo-
cal use should attempt to establish
similar funding consortia. Contribu-
tions need not be in the form of cash;
many businesses will donate staff time
and equipment to improve the curric-
ulum in local schools.

3. Publication. Publishers have not
supported curriculum innovation. The
BSCS depends on the commercial sec-
tor to publish its materials. Increasing-
ly, however, major publishers (many
of whom are owned by conglomerates
whose central concern is not educa-
tion, but profit) are unwilling to risk
publishing innovative programs, They
prefer instead to produce books that
promote the status quo and offend no
one (Apple 1985, Mayer in press,
Mclnerney in press), least of all single-
issue groups such as those that oppose
the teaching of evolution or anything
related to sexual reproduction (Ben-
etta 1986, Moyer 1985). These single-
issue groups have convinced major
publishers that innovation can be dan-
gerous to corporate health. BSCS has,
therefore, turned increasingly to
smaller publishers whose commit-
ment to educational innovation and
corporate risk taking are more consist-
ent with the BSCS mission. We hope
that more such publishers will
emerge.

4. Teacher preparation. Teachers
need 1o be trained in the major princi-
ples of biology and must understand
the process of teaching by the inquiry
method. Substantial evidence (Nation-
al Science Board 1983, Moore 1984,
the Holmes Group 1986) reveals that
most prospective secondary science
teachers are not, in fact, provided that
background during their undergradu-
ate education. The BSCS, therefore, is
cooperating with the American Insti-
tute of Biological Sciences, the Nation-
al Association of Biology Teachers,
and the American Society of Zoologists
to improve the preparation of
teachers

A Process of Refinement

There are many aspects to the devel-
opment of a workable curriculum.
This article has addressed some of the
more important components of the
curriculum development process that
we have evolved at the BSCS over a
period of almost 30 years, We refine
the process continuously through our

annual interaction with numerous bi-
ologists, science educators, classroom
teachers, and students.(J

Author’s note: 1 am grateful to my col-
leagues on the BSCS staff for their valuable
assistance in the preparation of this anicle

1. The BSCS steering committee iden-
tified the following themes which, taken
together, became the conceptual frame-
work for the three BSCS versions: (1)
change of living things through time—
evolution; (2) diversity of type and unity of
pattern in living things; (3) the genetic
continuity of life; (4) growth and develop-
ment in the individual's life; (5) the com-
plementarity of organism and environ-
ment; (6) the biological roots of behavior.
(7) the cumplementarity of structure and
function; (8) regulation and homeostasis—
the preservation of life in the face of
change; (9) science as inquiry; and (10) the
intellectual history of biological concepts
An eleventh theme, the relationship be-
tween science and society, was added in
1970

2. For purposes of analysis, Shymansky
and his colleagues distinguished between
"new"” and “traditional” curriculums as
follows: “New science curricula were de-
fined as programs which (1) were devel-
oped after 1955, (2) emphasized the na-
ture, structure, and processes of science,;
(3) integrated laboratory activities into
course discussions; and (4) emphasized
higher cognitive skills and an appreciation
and understanding of the nature of sci-
ence. Traditional science curricula were
defined as courses which (1) were devel-
oped, or patterned after a program devel-
oped prior to 1955; (2) emphasized knowl-
edge of scientific facts, laws, theories, and
applications; and (3) used laboratory activi-
ties as verification exercises or secondary
applications of concepts previously cov-
ered in class ']
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