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(Abstract)

This thesis explores some of the implications of
contemporary science studies for current science education reforms. The
scientific literacy effort proposed by Project 2061 is described and
criticized with regard to its educational and philosophical commitments.
It is argued that a number of controversies involving science studies
can aid students and educators in learning about science, education, and
society. The educational ramifications of post-Kuhnian philosophy of
science, sociology of science, constructivism, and hermeneutics are
discussed, and it is argued that scientific literacy needs to be
reconceptualized in order to take into account the understandings and

debates of contemporary science studies.
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Introduction

The recent focus on science education reform in the public schools
forces out of hiding a number of controversial issues. The rally behind
standards for "science literacy" demands reflection on the question
"what is the point of teaching science to every student?" The current
effort to introduce national science standards for grades K-12 parallels
in a number of ways the science education reforms of the 1960’s. The
current situation has been developed because of and sustained by a rash
of reports in the 1980’s declaring a crisis in science education, and it
has culminated in a number of recent attempts to define the goals of
public education and standardize the curriculum. Despite stark
criticism of "top-down" approaches to curriculum reform of the 1960s and
efforts to "reconceptualize" curriculum development (Apple 1982, 1986,
1990, 1992, 1993, and Pinar 1988), science curriculum reforms continue
to take this traditional form. Project 2061 sponsored by the American
Association for the Advancement of Science (AAAS) has taken a leading
role in the current reform movement, and it is beginning to have some
impact on science classrooms (see, for example, Culotta 1994, Culotta
1990, Jarcho 1995, Roeder 1995, Roeder 1994a, b, and c¢). The project
has developed two main documents. Benchmarks for Science Literacy states
what each student should know about science at the end of various grade
levels. Project 2061 also produced Science for All Americans

(Rutherford and Ahlgren 1990, henceforth R & A) which outlines the goals



for scientific literacy which the "benchmarks" are meant to provide a
measure. So what is the main point of these goals?

In attempting to answer this question, R & A describe one of the
fundamental goals of scientific literacy: understanding "the nature of

science," a phrase in which none of the terms are at all problematic.
However, describing "the nature of science" has been an increasingly
sticky problem in science studies. Unfortunately, the schism between
science education and the field of science studies (Millar 1989) may
have insulated both camps from some instructive debates. For R & A the
search for "the nature of science" focuses on the distinct ways of
thinking and behaving that scientists exhibit in their professional
work. However, recently there has been a good deal of debate in science
studies over how well we can explain "science" by referring to
"scientific thinking" conceived along those lines. Moreover, there is
also a body of empirical research in cognitive science devoted to
explaining human and scientific thinking. This debate and research can
be instructive to students and educators.

The purpose of this study is to examine the goals of science
literacy proposed by Project 2061, especially those which deal with the
nature of science as suggested by R & A. The view of science and
knowledge presented by their approach fits well with the vision for
science literacy standards. However, I think that the view is
contentious, so I suggest that science education standards are based on
a questionable foundation. Rather, in many ways contemporary

understandings of science call into question the entire project of



national standards for science literacy as they are conceived. 1In an
attempt to engage the ongoing debates over science education reform, I
will describe some of the most fundamental challenges to science
literacy standards.

In Chapter One, I briefly describe some traditional approaches to
curriculum development and more recent opposition that has been voiced
regarding such curricular methodologies. In addition to similarities
between the general approach of contemporary science education
standardization efforts and the 1960s reform efforts, the general goals
of the reforms are very similar. Both exemplify top-down approaches and
both aim(ed) to convey a more conceptual and less factual understanding
of science or "the nature of science" than perceived in the reigning
curriculum. In Chapter Two, I describe some of the major criticisms of
views promoted in science education circles, especially those which deal
mainly with views of the nature of science. These debates can be
instructive to students and teachers because they have the potential to
increase our awareness of some of the major challenges that confront
contemporary science studies. A number of such debates concern the
specification of the role of cognitive versus social factors in
explaining science, and some of these issues are taken up by R & A.
Science students and educators should reflect on the ways in which
different epistemological positions lead to different aims of science
education. In Chapter Three, I focus on debates regarding cognitive
science and constructivism as they relate to science education. I

suggest that if the goal is to teach the nature of science and



scientific thinking, then this should be done in the context of
contemporary science studies. R & A fail to provide an account of the
contemporary view(s) in science studies which contend with their version
of science literacy; thus, an enriched account of science literacy would
provide a better basis for initiating and sustaining public science

education reform.



Chapter One
Rethinking Curriculum Development

INTRODUCTION

The history of science curriculum reform has prompted a
number of science educators to ask questions like "what’s wrong with the
process?" (Tobias, 1992). Most of these criticisms center around
problems with "top-down" reforms. R & A is meant to specify standards
for scientific literacy for all students in the public schools. In this
chapter, I examine the general approach of this curriculum development
project, the tradition from which it emerges, and some criticisms of
this tradition. 1In doing so, I compare this contemporary science
curriculum reform to the 1960s NSF reforms. I also consider the goals
of the project, some historical controversies over such goals, and the
current reasons given for focusing on the nature of science and
scientific thinking. This leads to a discussion in the following
chapters of the role of the nature of science and scientific thinking in

science education.

TOP-DOWN APPROACHES TO CURRICULUM REFORM

Few would deny either that schools should try to achieve
high standards or that it is desirable for schools to fulfill minimum
standards. However, deciding on which "standards" and how to go about
achieving them has always been a problem. The process used to create

contemporary science curriculum standards, and what "standards" are



taken to mean in that process, conforms to an established tradition
which makes certain assumptions about curriculum development, but
problems with the 1960s reforms have led many educators to seriously
guestion this tradition.

In many respects, standardization efforts have changed little
since the mid-nineteenth century work of Samuel Gridley Howe who created
uniform written grammar tests for Boston students (Tyack 1974 and
Darling-Hammond and Snyder 1994). The legitimacy attached to "science"
and "efficiency" surrounded such turn of the century efforts to
centralize curriculum control and "quantify the curriculum." Task
efficiency studies, systems management, Taylorism, and many other
symbols of industrialism were readily adopted by early American
educators. One of Franklin Bobbitt’s earlier formulations of the step
by step procedure or method for curriculum development characteristic of
the "scientific movement" in education is found in the following

principles for defining the educational process:

(1) Definite qualitative and quantitative standards must be
determined for the product [students].

(I1) Where the material that is acted upon by the labor
processes passes through a number of progressive stages
on its way from the raw material to the ultimate product,
definite qualitative and quantitative standards much be
determined for the product at each of these stages.

(II1) Scientific Management finds the methods of procedure which
are most efficient for actual service under actual
conditions, and secures their use on the part of the

workers [teachers].



(IV) Standard qualifications must be determined for the
workers.

(V) The management must train its worker previous to
service in the measure demanded by its standard
qualifications....

(VI) The worker must be kept supplied with detailed instructions
as to the work to be done, the standards to be reached,
the methods to be employed and the appliances to be used.
(Bobbitt 1913, edited from a quote which appears in
Darling-Hammond and Snyder 1992, 59-60)

Bobbitt boiled down the curriculum development process to three
basic steps: (1) Examine the fields of human experience, (2) break
these fields into smaller and smaller (more specific) steps or actions,
and (3) establish a set of competencies or abilities accordingly.

The argument is simply put: Since schools should teach something
useful, simply look at what people do (that is useful to society) and
break it down into teachable units. Ralph Tyler continued this
tradition in the mid twentieth century by setting forth a "rationale"
for developing curriculum. Tyler’s Basic Principles of Curriculum and
Instruction "attempt to explain a rationale for viewing, analyzing and
interpreting the curriculum and instructional program of an educational
institution" (Tyler 1949, 1).

Tyler made some additions to Bobbitt’s principles, but he did not
stray from the two basic steps: First, establish the goals, ends, or
standards of education, and then determine how to define achievement or
competency of the steps leading up to and including those ends. Both

Bobbitt and Tyler had hopes that empirical studies could be of great



benefit to the curriculum process. However, in establishing such
purposes, Tyler included psychological studies while Bobbitt focused on
the society in terms of its vocations. Tyler also included organization
of teaching experiences and the assessment of students as an explicit
final steps in the curriculum development process. Tyler described his

rationale as follows:

The rationale developed here begins with identifying four
fundamental questions which must be answered in developing any
curriculum and plan of instruction. These are:

1. What educational purposes should the school seek to
attain?

2. What educational experiences can be provided that
are likely to attain these purposes?

3. How can these educational experiences be effectively
organized?

4. How can we determine whether these purposes.are being
attained? (Tyler 194G, 1)

According to this "technical tradition," the first step of the
curriculum development process is to determine the standards or purposes
of education. This means, simply put, that the first step is to
determine what the educated student should know or be able to do. It is
the job of the curriculum expert to state the content of the curriculum,
that is, the knowledge that students are supposed to acquire as a result
of schooling. Thus, the teaching methods or procedures which would
presumably bring about such a product or output are to be determined

subsequent to deciding on such purposes or content. One of the chief



features which characterizes "the technical tradition" has to do with
its reliance on a given set of steps or procedures to be performed by
the curriculum expert or specialist designed to precisely determine the
expected outcomes of the educational process in accordance with some
field of application or vocation in the society.

Project 2061 is a recent example of this type of curriculum
development process. The three phases of the project closely resemble
Bobbitt’s and Tyler’s proposals. Consider the general development
procedure explicitly proposed for by R & A for developing scientific

literacy standards:

Because the work of Project 2061 is expected to span a
decade or more, it has been organized into three phases.

Phase I of the project has attempted to establish a
conceptual base for reform by defining the knowledge, skills, and
attitudes all students should acquire as a consequence of their
total school experience, from kindergarten through high school.
Drawing on ideas proposed by panels of prestigious scientists,
mathematicians, and engineers, this book, Science for All
Americans, is the culmination of that effort.

During Phase II of Project 2061, now under way, teams of
educators and scientists are transforming this report into
blueprints for action....

In Phase III, the project will collaborate with scientific
societies, educational organizations and institutions, and other
groups involved in the reform of science, mathematics, and
technology education in a nationwide effort to turn Phase II

blueprints into educational practice. (R & A 204-5)



This organization fits Bobbitt’s principles and Tyler’s rationale very

well.

In Phase I, the standards or purposes, that is, the knowledge,

skills, and attitudes, are established. The two documents of concern

here,

R & A and Benchmarks, are intended as companion sources. The

authors explain:

Benchmarks is different from a curriculum, a curriculum framework,
a curriculum design, or a plan for curriculum. It is a tool to be
used by educators in designing a curriculum that makes sense to
them and meets the standards for science literacy recommended in
SFAA [R & A]. (AAAS 1993, xii)

Phase II and III of Project 2061 deal with designing and

implementing effective curricula, teaching methods, or educational

practices that conform to the standards. Some of the problems

associated with structuring curriculum development or reform in

accordance with the technical tradition have to do with this first step

in curriculum development. As Fensham notes:

The project is avowedly top-down, with scientists at the top.
Even in Phase II, in which the alternative curriculum models are
to be worked out, there is talk of creating ’'a cadre of committed
knowledgeable and experienced leaders’ to translate the
recommendations of Phase I into actual curricula and to act as

'experts in school curriculum reform’ (Fensham 1992, 800)1

As in the technical tradition, the initial purpose of the

curriculum making process for Project 2061 is to produce those
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statements which represent certain competencies or "standards" that the
experts or scientists deem appropriate. 1In reporting on a recent speech

made by the director of project 2061, James Rutherford, Jarcho remarks

that

Reforms are often spoken of as "top down'" or "bottom up," and
Rutherford argued that we need both. From the top we need vision,
standards, and consensus. Otherwise, we will just be muddling

around. (Jarcho 1995)

Standards here are a set of minimum competencies or "thresholds" which
are meant to be used to judge whether or not a student is
"scientifically literate" (Benchmarks, xiii). They are a set of
statements which are proposed to assess universally scientific literacy:
who has it and who does not. For Project 2061, the authority on what is
essential to "science literacy' rests with engineers, scientists, and
mathematicians. They are the experts who are best equipped to describe
the statements of the universal knowledge that "we" want all students to
know (AAAS 1993, 303). However, this "top-down" or "technical"
approach to curriculum development came under severe criticism following

the 1960s reforms.

Reconceptualization of Curriculum
During the 1970s, opposition to traditional curriculum
theory was developed by a group commonly referred to as "the

reconceptualists" (Pinar 1988). Several of the major features which

1



bound the group together were (1) a strong dissatisfaction with "the
Tyler rationale,"” (2) a loss of confidence in the value of curriculum
workers to teachers, and (3) a concern that the curriculum was under the
control of technologists, test makers, textbook publishers, and school
administrators (Lincoln 1992, Jackson 1980, and 1992b). The authors who
stand out as the leaders of this group are Michael Apple and William
Pinar (Pinar 1988, Eisner 1992).

One of Apple’s (1990) main concerns is with the distribution and
control of curricular knowledge. Rather than viewing curriculum in
terms of the "management and control ideology" represented by the Tyler
rationale, Apple argues that "curriculum" should be seen as an agent
which contributes to the existing economic and social conditions. He
cites Bowles and Gintis (1976), Bernstein (1977), and Bordieu and
Passeron (1977). Accordingly, the individual’s underlying perception of
the social order provides the locus of understanding (Apple 1990).
Certain knowledge, skills, language, or behavior is deemed of high value
to the extent that certain competencies act much like money or capital.
Thus, such high status knowledge, skills, language and behavior are
referred to as having "cultural capital" or representing "symbolic
property." It is this highly valued knowledge, e.g., scientific skills,
that schools as well as the larger society distribute unevenly. Through
this control of the distribution of knowledge, curriculum functions to
maintain the cultural and economical stratification that exists in the
society. Because of the greater access of the dominant or middle class

culture to the high value knowledge or competencies, the economic or
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social order is reproduced by the curriculum. 1In other words, the
curriculum simply perpetuates the existing social divisions.

Crucial to this argument is the notion that the curriculum serves
both to categorize students according to specific abilities (and/or
"dis-abilities")and to legitimate these categories. Considering
curriculum knowledge as '"capital," the phrase "it takes money to make
money" is analogous to saying that '"the curriculum rewards those with a
predisposition to its standards", and these standards will tend to
reflect those values of the dominant or middle class.

As a solution, Apple (1990) suggested that educators consider
alternative models of systems management such as in open and biological
systems, but, he admits that "there are no easy alternatives to a
management and control ideology" (121). Apple provides several
examples, mostly inner city schools, where "progress" has been made. He

explains the significance of these examples:

Together, these examples say something very important about the
politics of curriculum and teaching. In each case, success
required the conscious building of coalitions between the school
system and the communities being served. In none of the cases was
the impetus generated from the top. Rather, bottom-up movements,
within groups of teachers, the community, social activists, and so
on, provided the driving force for change. Finally, none of these
instances were guided simply by a technical vision. Instead, each
is overtly linked to a political project: enhancing democracy at
the grass roots, empowering individuals who had heretofore been
largely silenced, creating new ways of linking people outside and

inside of the schools together so that schooling is not seen as an
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alien institution but something that is integrally linked to the
political, cultural, and economic experiences of people in their
daily lives. (Apple 1993, 40-41)

Thus, Apple is very critical of the Tyler rationale and top-down
approaches which explicitly centralize curriculum control. The dangers
of such top-down approaches to curricular development for
reconceptualists like Apple stem from the control of curricular content
by a central or dominant group. Apple warns about science education’s
role in the alleged increasing domination by economic interests on

education:

Even though the sciences may deserve an important and enhanced
place in the curriculum, it is crucial that educators situate
reforms in science education in the larger social context in which
educational reforms are taking place. How and by whom reform is
defined and carried out will have a significant impact on who
benefits from the process. I argue that education in general has
increasingly become dominated by economic interests that can lead
not to enhancing equality, but to its opposite. There are
important ideological shifts that are occurring not only in what
education is for, but in the content and control of curriculum and
teaching. This has also been accompanied by an attempt to not
only increase the influence of economic needs on schools, but to
make education itself an economic product like all others. This
will have a major impact on science education in particular,
because both science and technology are seen as high-status in the
transformation of education into solely an economic tool. (Apple
1992, 779)

The relation of economics to science education is certainly complex and

includes a wide range of issues from those dealing with advertising to
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students to those the pressure on schools to fill the work force
demands. The main criticism of top-down approaches concerns the ability
of a controlling group to impose its economic interests, values,
ideologies, world view or goals on the general public under the guise of
universally legitimate or objective truth. This criticism extends to

the very first step: Establishing the goals.

THE AIMS OF CURRICULUM

A number of writers have noted the tension between two major
types of educational goals or "orientations" to curriculum development.
Spring (1994) refers to "public" versus "private" goals. Jackson
(1992b) refers to a number of different orientations, but he notes the
historic division between those advocating "social reform" and
"individual development." Klopfer and Champagne (1990), in their
attempt to derive lessons from the 1960s reforms, contrasts the
"professionalist" and the "visionary." For Montgomery (1994) it is
"Academism" and "Practicalism," and Cuban (1990), in attempting to
explain why education reforms appear again and again, also refers to
"this enduring curricular tension between values embedded in academic
and practical subjects" (5). Spring (1991) suggests that the
intellectual goals, which are taken to be the number-one goals of
teachers and parents, conflict with the public goals which are used to
justify the establishment and maintenance of public schools. Before

describing how R & A propose to meet the challenge of these diverse
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goals, I will show how they attempt to serve both orientations or sets

of goals.

The Social Reform Tradition

R & A write: "America’s future--its ability to create a
truly just society, to sustain its economic vitality, and to remain
secure in a world torn by hostilities—-depends more than ever on the
character and quality of the education that the nation provides for all
of its children" (v). The basic argument has changed little since it
was articulated by Bobbitt earlier in this century. As Jackson (1992b)
puts it, "The ultimate source of the school’s curriculum for Bobbitt
turns out have been the society at large. He believed the school’s job
was to rectify the deficiencies of knowledge and skill that result from
society’s oversight or malfunctioning.”

In the 1980s several reports declaring educational crisis were
published. The seminal document of this period is A Nation at Risk:
The Imperative for Educational Reform, 1983 prepared by the U.S.
Department of Education’s National Commission on Excellence in
Education. This report spells out several common themes of education
reforms. Most notable is the connection between the nation’s declining
international economic and industrial competitiveness and the declining

quality of the nation’s educational system.

Our Nation is at risk. Our once unchallenged preeminence in
commerce, industry, science, and technological innovation is being

overtaken by competitors throughout the world. This report is
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concerned with only one of the many causes and dimensions of the
problem, but it is the one that undergirds American prosperity,
security, and civility. We report to the American people that
while we can take justifiable pride in what our schools and
colleges have historically accomplished and contributed to the
United States and the well-being of its people, the educational
foundations of our society are presently being eroded by a rising
tide of mediocrity that threatens our very future as a Nation and

a people. (NCEE 1983)

R & A echo these same concerns, but they fail to provide any other
argument or research to support the claim to a causal connection
between curriculum standardization and economic recovery. Nevertheless,

the connection is clearly made in the following passage:

The necessity for strengthening science education in the United
States has been widely acknowledged in the numerous education
studies conducted in the 1980s....

Most of the education reports of the 1980s have been
motivated by the confluence of two different growing public
concerns. One concern is America’s seeming economic decline. Our
domestic affluence and international power--both based
substantially on our scientific and technological preeminence--—
have been weakening in relation to those of other countries,
especially Japan. The other concern consists of certain trends in
U.S. public education: low test scores, students’ avoidance of
science and mathematics, low learning and being ranked near the
bottom in international studies of students’ knowledge of science
and mathematics. (R & A, 195-6)

17



Tanner and Tanner (1990) have discussed problems with the reasoning used
in these "conflicting reports," and a number of writers have warned
about an over reliance on standardized test scores (Frechtling 1989,
Apple 1990). Montgomery is particularly critical of Project 2061 in

this regard:

Scores on standardized tests are invoked as the revelation of two
sad "truths": first, the entire nation is failing in leadership;
second, that nearly everything is wrong with the American school
system. The basis for such a remarkable leap of supposition is,
however, never given, let alone subjected to inquiry--and this in
a book that argues the great need for "critical thinking" while
impugning "the learnings of answers more than the exploration of
questions."

Faith in test performance as a kind of scientific indicator
for widespread conditions, like faith in the "scientific attitude"
as a solution to all human problems, represents the applied
positivism that has surrounded so much of American schooling in
this century. 1Indeed, as a basis for critique, test performance
becomes itself a technical argument for exactly the type of
education that has been universally decried for over a generation,
that is, education-as-test-preparation, as memorization, as
recitation, as mechanical process in general. (Montgomery 1994,
261)

While Montgomery identifies problems with assessing educational
performance, what is of more concern here are the reasons given by R & A
for thinking that scientific literacy standards are the answer to

economic and social ills.
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The 1960s "crisis" in education was influenced largely by
"professionalists" who considered the goals of science education to be
mainly directed at preparing students for future advanced study and
careers in natural and applied sciences (Klopfer and Champagne 1990).
Among more recent documents expressing concerns about future shortages
of scientists and engineers, the United States Congress’s Office of
Technology Assessment (OTA) reported in 1988 that "shortages of
scientists and engineers are not inevitable; the labor market will
continue to adjust, albeit with transitory and perhaps costly shortages
and surpluses." This document goes on to suggest that the government
may need to take a more active role in recruiting and retaining
"flexible talent for the work force" as well as ensuring that women and
minorities are provided opportunities to participate in science
education (OTA 1988, 1). Thus, the main appeal here of a more inclusive
science is the perceived future need for more scientists and engineers.

However, the science literacy efforts are intended for all
students, especially the students who are not headed for careers in
science and engineering. So the question is, why do these students need
to know science? R & A provide an argument for the nation’s need for
science literacy, but first it helps to consider other reasons given for

science education reform and what they mean by "scientific literacy."

The Individual Development Tradition

The contrasting views of John Dewey and Franklin Bobbitt

illustrate the marked division between advocates for social reform and
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