CHAPTER 2

HISTORY OF THE SCIENCE
STANDARDS MOVEMENT IN
THE UNITED STATES

George E. DeBoer

In science, as in other areas of K-12 education, the development of stan-
dards has played a significant role in efforts to reform teaching and learn-
ing. In this chapter, the author explores the differences between two
interrelated standards movements in the United States, their impact on sci-
ence education reform efforts, and what remains to be done to promote fur-
ther progress toward achieving widespread science literacy. Starting with the
1983 release of A Nation At Risk, the author traces the parallel development
of standards that require accountability at every level of the education sys-
tem and standards that describe the content that students need to learn and
how best to teach it. While acknowledging the contributions of seminal stan-
dards documents such as Benchmarks for Science Literacy and National Science
Education Standards, the author also recognizes the complex and change-
resistant contexts—colleges and universities, the textbook publishing indus-
try, classrooms and schools, and state bureaucracies—within which educa-
tion reform must take place. The author concludes that standards aimed at
accountability, such as those embodied in the current No Child Left Behind
Act legislation, may be effective in moving people to action, but real and
lasting change requires carefully developed content standards that provide
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the vision and the tools that can guide the ongoing reform of science curric-
ulum, instruction, and assessment.

INTRODUCTION

Raymond Williams, in Keywords, distinguishes between three uses of the

word standard: standard past, standard present, and standard furure.
About standard future, he says: “It is a very interesting use. Instead of
referring back to a source of authority, or taking a current measurable
state, a standard is set, projected, from ideas about conditions which we
have not yet realized but which we think should be realized” (Williams,
1983, p. 299). The distinction nicely summarizes the differences between
two closely interconnected standards movements in the United States
today. Standards present and past are about accountability measured with
respect to a level of achievement determined by authority, whereas stan-
dard future is about a vision of what could be. Standard future is squarely
in the camp of efforts to improve science education that have taken place
continuously throughout the past century and more, culminating in the
present focus on science literacy for all. Standards-as-accountability,
focusing as it does on a fixed authoritative statement of correctness and
competence, is something different. It is something that has the potential
to catalyze efforts for good in the ongoing struggle to improve science
education, but also something that has the potential to undermine those
efforts. The themes of this chapter are the way these two standards move-
ments interact and what still needs to be done to ensure continued
progress toward furthering a deeper and more widespread understanding
of science through our educational efforts.

REFORM OF SCIENCE EDUCATION IN THE UNITED STATES

It is not possible here to examine in depth the historical roots of the cur-
rent reform efforts in the United States, but a few historical notes will be
helpful in understanding why we are where we are today. First, it is impor-
tant to recognize that most of what we are tying to do is not new. Many
current ideas can be found in an earlier time. The idea that there should
be a common curriculum for all, whether the students were bound for col-
lege or the world of work, was put forward in the report of the Committee
of Ten during the 1890s (National Education Association, NEA, 1893).
The idea of inquiry teaching can be seen in Herbert Spencer’s statement
that: “Children should be led to make: their own investigations, and to
draw their own inferences” (Spencer, 1864, p. 124). The value of teaching
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for understanding is evident in the warning made by the Geography Con-
ference of the Commiitee of Ten (NEA, 1893) against educational practices
that led to memorization without understanding and in Herbart's (1901)
theory of instruction that focused on the development of conceptual
understanding. The use of standardized testing to measure educational
outcomes began in the second decade of the twentieth century (see
DeBoer, 1991, pp. 121-124).

A second historical point to note is that curriculum and pedagogy have
become “contested terrain” in our society “where warring parties contend
for a kind of official sanctification of their deeply held beliefs” (Kliebard,
1995, p. 63). The tension has often been between ideas that are character-
ized as progressive on the one hand and traditional on the other, focusing
respectively on the child or the content. Traditionalists think of them-
selves as rigorous, concerned about high standards, and valuing the
authority of the past while progressives think of themselves as being sym-
pathetic to how children think, how they interact with the world, and with
preparing them for an ever-changing world. John Dewey (1938) laid out
the parameters of the debate between traditionalists and progressives in
the early part of the twentieth century and little has changed since then.
Arguments over what standards and rigor ‘mean, what our educational
goals should be, or how to implement those goals continue today often in
terms of that progressive versus traditionalist debate. If there has been
one change that has occurred over the past 100 years it may be the
efforts, in true Deweyan spirit, to accommodate the child and the curricu-
lum, to find ways to connect the interests, experiences, and capacities of
the child to the subject matter that has been organized by adult minds
(Dewey, 1902, 1916). This does not mean that the progressive-traditional-
ist debate has ended. In fact, that debate is present in education as in all
parts of our society. It is that some of the more thoughtful efforts to solve
the seemingly impenetrable and intractable problems in science educa-
tion are now focused on finding a new synthesis out of those opposing
ideologies.

A third point to note is that rather than there being a clear trend in
thinking throughout the last century, the attractiveness of ideas has
tended to ebb and flow, more popular at one point in time and less popu-
lar at another (DeBoer, 1991). Typically what has happened is that in
reaction to the perceived excesses of one era the emphasis shifts back
toward what it had previously been. For example, the 1970s was, as some
have described it, an era of “new progressivism” (Ravitch, 1983). Many of
the child-centered approaches advocated by progressive educators during
the first half of the twentieth century were reshaped in the form of open
classrooms, elective courses for students, and other student-centered
approaches. That revival of progressive ideas followed closely on the heels



10 G. E. DEBOER

of the more content-centered reforms of the 1960s. Then, largely in
response to the perceived laxness of the educational system in the 1970s
and declining student test scores, there was a renewed call for more rigor
in the educational system. T. H. Bell, U.S. Secretary of Education during
the Reagan administration, established a National Commission on Excel-
lence in Education (NCEE) to help “define the problems afflicting Ameri-
can education and to provide solutions” (NCEE, 1983, p. iii).

A fourth point relates to the issue of excellence and equity in educa-
tion, which is at the center of current reform efforts and has a long history
as well. There has always been a question of how to deal with the enor-
mous diversity of students who attend public schools. The American high
school was established to accommodate that diversity through a variety of
academic and vocational curricular tracks and varied opportunities for
students to select programs most suited to their interests and projected
life work. That system has come under close scrutiny at various times for
its apparent unfair allocation of resources toward the most advantaged

students (Kozol, 1992). In the early 1980s Mortimer Adler, Chairman of

the Board of Editors of the Encyclopedia Britannica and Director of the
Institute for Philosophical Research in Chicago, published The Paideio
Proposal: An Education Manifesto (Adler, 1982). Adler, in the spirit of Robert
Maynard Hutchins, activist President of the University of Chicago
between 1929 and 1951, called for a required common academic curricu-
lum for all students—with no electives or specialized courses—as a way of
ensuring that all citizens would receive the education needed to become
capable thinkers and to participate fully in a democratic society. Doing
away with a multitrack educational system would prevent students from
downgrading their education by their own choice or having others down-
grade it for them. According to the Puideia Proposal, all people, because of
their common humanity, deserve an education that offers a prospect of
personal growth and self-improvement, effective citizenship, and the abil-
ity to earn a living in our society.

Adler identified three categories of student learning. They are the
acquisition of organized knowledge by means of didactic instruction and
demonstration, the development of intellectual skills through supervised
practice, and an enlarged understanding of ideas and values through
Socratic questioning and discussion. Consistent with the ideas of other
educators in the early 1980s, Adler emphasized that learning is an active
process. “All genuine learning is active, not passive. It involves the use of
the mind, not just the memory. It is a process of discovery, in which the
student is the main agent, not the teacher” (Adler, 1982, p. 50). The
teacher aids discovery and elicits the activity of the student’s mind by
“inviting and entertaining questions, by encouraging and sustaining
inquiry, by supervising helpfully a wide variety of exercises and drills, by
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leading discussions” (p. 50). Adler was recommending this program for
all students, not just the academically inclined or the college bound. The
idea was summed up in a phrase attributed to Hutchins: “the best educa-
tion for the best is the best education for all” (p. 6). Although this idea of
a liberal arts type of academic education for all was not new, having been
introduced in much the same form by the Committee of Ten in 1893, the
idea lost ground in the early twentieth century because of a perceived
need to concentrate on vocational education for many of the students.
Although sometimes associated with a conservative and elitist approach to
education, the idea of a common core of academic learning was resur-
rected in the 1980s and become one of the cornerstones of the late twen-
tieth century reform movement.

A 'Nation at Risk

NCEE was established on August 26, 1981, in an environment of low
and declining test scores, and in an environment in which the United
States was experiencing difficult times economically when compared with
other nations that were thriving, especially Germany and Japan. The
report of the commission, A Nation at Risk, was presented on April 26,
1983. The report was a call to mobilize the efforts of the federal govern-
ment along with states and local school districts to raise the level of com-
petence of American students in all academic areas but with special
empbhasis on science and mathematics. This was not the first time that the
United States government had intervened so vigorously in American edu-
cation. There were significant efforts by the federal government—in 1917
with the Smith-Hughes Act on vocational education, and in 1958 with the
National Defense Education Act, following the Soviet Union’s launch of
the earth-orbiting satellite Sputnik—to influence education policy in
response to problems that were perceived to be serious enough to require
national solutions. The NCEE concluded that we had lost sight of our
true educational mission and the need for high expectations for students.
They recommended a return to a more academic educational focus and
more disciplined effort on the part of students. They said that our inter-
national competitors were well-educated and highly motivated and that
the United States needed to be as well if it were to compete successfully.
The new raw materials of international commerce were knowledge, learn-
ing, information, and skilled intelligence. The argument that the federal
government had to intervene in order to develop human capital for rea-
sons of international economic competition was the same argument that
had been used to support the 1917 Smith-Hughes vocational education
act, although the means of accomplishing the goal (academic study vs.
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vocational education) was very different. The federal government’s inter-
vention in 1958, in contrast, was about national defense and Cold War
competition with the Soviet Union.

The NCEE pointed to the importance of a high level of common
understanding in a free and diverse democratic society. The concern was
not just for competitive success in industry and commerce. It was also for
the intellectual, moral, and spiritual strength of the people who form the
society. The educational system should contribute to the development of &
common culture to help achieve a shared understanding of complex soci-
etal issues. The commission pointed to the value of an education where
comprehension, analysis, and problem solving were fostered rather than
rudimentary knowledge or technical and occupational skills. Schools also
should develop a commitment to lifelong learning because education
adds value to the quality of life throughout one’s life. Schooling provides
the foundation, but without lifelong learning the knowledge and skills
learned in school will soon become outdated.

The commission argued for genuinely high standards for all. Neither
mediocrity nor elitism was acceptable, although the commission did grant
the possibility that the curriculum might vary for students of differing
capabilities and interests. However, all should be expected to work to
their capacity and develop- their talents to the fullest. In high school, all
students would learn the new basics, including English, mathematics, sci-
ence, social studies, computer science, and, for the college-bound sw-
dents, 2 years of foreign language.

The commission recommended that schools, colleges, and universities
adopt more rigorous and measurable academic standards and that they
raise expectations for academic performance and student conduct. Text-
books should be upgraded and updated to assure more rigorous content,
and university scientists should be called on to help in this task. In sci-
ence, students should be introduced to: “(a) the concepts, laws, and pro-
cesses of the physical sciences; (b) the methods of scientific inquiry and
reasoning; (c) the applications of scientific knowledge to everyday life;
and (d) the social and environmental implications of scientific and tech-
nological development” (NCEE, 1983, p. 25). Texthooks should be cho-
sen by states and school districts on the basis of their ability to present
rigorous and challenging material clearly, and textbook publishers should
be required to furnish evaluation data on the material’s effectiveness. The
commission recommended more homework, longer school days and
longer school years, better attendance policies, and placement and pro-
motion of students on the basis of academic progress. Higher standards
and expectations were needed as well to give students themselves a deep
ref;pect for intelligence, achievement, learning, and for self-disciplined
effort.
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The vision was of an academically educated society, a common culture,
rigorous academic standards, and accountability through standardized
tests of achievernent to be administeréd at major transition points from
one level of schooling to the next, especially from high school to college
or the work world. The commission recommended that the tests be
administered as part of a national (but not federal) system of state and

local standardized tests.

Educating Americans for the 21st Century

Just five months later, on September 12, 1983, the Commission on Pre-
college Education in Mathematics, Science and Technology of the
National Science Board, which acts as an advisory board to the National
Science Foundation, issued its report, Educating Americans for the 21st Cen-
tury (National Science Board, 1983). The report echoed many of the ideas
in 4 Nation at Risk and provided additional detail on how the vision of
improved science education for all could be realized. The problem they
identified was the same as that identified by the NCEE. The educational
system had undergone a period of neglect, resulting in unacceptably low
performance levels in science and mathematics. Unites States national
security and economic health depended on its human resource develop-
ment. And for reasons of national pride and international prestige, a
world leader with the stature of the United States should have an educa-
tional system that was the finest in the world. Finally, a commitment to
academic excellence would put the United States on a firm economic
footing in its competition with other countries.

The recommended strategy to accomplish these priorities involved the
developrﬁent of national goals and curricular frameworks, strong national
leadership for monitoring the quality of efforts, local responsibility for
meeting the goals, and local variation in how they would be implemented.
The commission recommended increased student exposure to science;
higher standards of participation and achievement (noting comparisons
to Japan’s system where students spent more time in school), and a system
of objective measurement to monitor progress. The belief was that our
diverse educational system could be improved by establishing national
goals and a system to measure local accomplishment of those goals.

The Commission on Precollege Education in Mathematics, Science,
and Engineering provided more detail than the NCEE in its recommen-
dations regarding the content of the science, mathematics, and technol-
ogy curriculum. They recommended drastically reducing the number of
topics that students would study, in part by integrating topics within sub-
ject areas and by making connections between subject areas, especially
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between mathematics, science, and technology. Courses should focus on
thinking, communication, and problem solving skills. Students should
have early hands-on experiences and formulate questions and seek
answers from their observations of natural phenomena. The study of sci-
ence should provide knowledge that would lead to civic responsibility and
the ability to cope in a technological world. The commission recom-
mended that the courses be oriented toward practical problems that
“require the collection of data, the communication of results and ideas
and the formulation and testing of solutions” (p. 45). Content recommen-
dations were given for each subject area and organized into three grade
bands within subject areas. These content recommendations were at the
topic level of detail. For example, at the high school level they recom-
mended that biology should emphasize concepts and principles such as
“genetics, nutrition, evolution, reproduction of various'life forms, struc-
ture/function, disease, diversity, integration of life systems, life cycles, and
energetics” (p. 98). Specific ideas within these topic areas were not identi-
fied.

There was concern within the commission that by emphasizing aca-
demic rigor, its recommendations would seem to be intended only for
those students who would pursue careers in science, mathematics, and
technology and would seem to advocate intellectual elitism. The commis-
sion addressed the excellence-equity distinction by saying: “these new
basics are needed by all students—not only tomorrow’s scientists—not
only the talented and fortunate” (p. v). “While increasing our concern for
the most talented, we must now also attend to the need for early and sus-
tained stimulation and preparation for all students so that we do not
unwittingly exclude potential talent” (p. x).

The commission was also careful, as they recommended the develop-
ment of standards written at the national level, to leave room for variation
in the way states and local school districts would implement those stan-
dards. “This should not be construed as a suggestion for the establish-
ment of a national curriculum; rather these are guides that state and local
officials might use in developing curricula for local use” (p. 41).

No one course of study is appropriate for all students and all teachers in all
schools in all parts of the country. Nor is there just one good curriculum.
Various parts of the Nation must develop their total curriculum and revise it
repeatedly to keep it suitable for students and teachers. (p. 92)

Reports such as those of the NCEE (4 Nation at Risk) and the Commis-
sion on Precollege Education in Mathematics, Science, and Technology
(Educating Americans for the 21* Century) set the stage for hundreds of addi-
tional reports to be published on education during the 1980s. These two
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documents, however, aptly summarize a vision and strategy for reform.
The vision included an intellectually rigorous common core of science
knowledge for all, which would lead to an understanding of science ideas
that are personally fulfilling and that can help.build a knowledge-able and
competent citizenry that is well prepared for life in a free society. The
strategy involved national goals, local implementation, and accountability
through student testing. Details of the vision and the strategy were to be
worked out over time with the help of scientists and professional educa-
tors.

Many of the reports that followed, however, simply lamented the poor
performance of United States students on national and intcrn-auonal
tests, especially in mathematics and science, and continued to link the
nation’s economic problems to the poor quality of the educational system.
In response, many of the changes that were initiated by state legislatures
and state departments of education during the 1980s were structural in
nature. They often did not pay attention to the broader goals of the edu-
cational reformers. As Hurd said toward the end of the 1980s: “changes
implemented ... include lengthening the school day and year, requiring
more science courses, intensifying course rigor, increasing student testing
and school assessments, and raising graduation requirements; but, to
what ends” (1989, p. 16)?

Science for All Americans

The first detailed and substantive response to the call for a comprehen-
sive statement of what all students should know and be able to do in sci-
ence came from the American Association for the Advancement of
Science (AAAS) through the establishment of Project 2061, a long-term
reform effort to define and promote science literacy. Their work began
with the publication of Science for All Americans (AAAS, 1990) and contin-
ued with the development of tools and resources to bring the vision of sci-
ence for all to full realization.

In 1985, Project 2061 began work on producing a coherent statement
of what all adults should know in order to be considered science literate.
Science literacy is a term that became popular in the 1970s and 1980s to
describe the knowledge people needed to live successfully in a world
where science played such a large part. (For a discussion of the multiple
meanings of science literacy, see DeBoer, 2000.) The AAAS statement that
resulted consolidated reform ideas that had been promoted by science
educators during the previous decades, many of which could also be
found in A Nation ot Risk and Educating Americans for the 21st Century. The
1989 publication of Science for All Americans brought these ideas together
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in one bold statement. Project 2061 was so named because it was the year
that Halley's Comet was to be visible again on earth, 76 years after its
appearance in 1985, and the year the project originated. Most of those
born in 1985, it was said, would live to see the comet’s return in 2061.
Enacted reforms could very well touch their entire lives.

Science for All Americans was a vision of adult science literacy, what every-
one should know to be able to participate fully in society. That core knowl-
edge included concepts and skills in science, mathematics, technology,
and the social sciences. It included knowing about the nature of science,
the nature of mathematics, and the nature of the designed world. It also
included an understanding of historical perspectives, common themes
having to do with systems, models, constancy and change, and issues of
scale. It included information on scientific habits of mind and effective
teaching and learning. Science for All Americans was not, however, a pre-
scription for what students should know at various grade levels. Although
it provided much more detail on what students should know and be able
to do than had been provided by the National Commission on Precollege
Education, this was not a list of content standards.

The language of Science for All Americans is inspiring and stresses both
personal development and responsible citizenship:

Education has no higher purpose than preparing people to lead personally
fulfilling and responsible lives. For its part, science education—meaning
education in science, mathematics, and technology—should help students
to develop the understandings and habits of mind they need to become
compassionate human beings able to think for themselves and to face life
head on. It should equip them also to participate thoughtfully with fellow
citizens in building and protecting a society that is open, decent, and viral.
America's future—its ability to create a truly just society, to sustain its eco-
nomic 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. (AAAS, 1990, p. xiii)

In contrast to many of the reports produced during the 1980s, Science for
All Americans did not propose a get-tough approach or that schools should
teach more science content. Instead, it suggested that schools should focus
on what is essential for science literacy—a common core of ideas and
skills that have the greatest scientific, educational, and personal signifi-
cance—and should teach that science better and for deeper understand-
ing. The recommendations for content and for pedagogy were meant for
all students regardless of social circumstances or career ambitions. Crite-
ria for content selection included: (1) the utility of the content for
employment, personal decision making, and intelligent participation in
society; (2) the intrinsic historical or cultural significance of the knowl-
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edge; (3) the potential to inform one’s thinking about the enduring ques-
tions of human meaning; and (4) the value of the content for the child’s
life at the present time and not just for the future. Within these parame-
ters, the recommended content in Science for All Americans represented a
consensus view of what the scientific community thought was important
for everyone to know.

There were also recommendations regarding pedagogy. Science for All
Americans said that in order to teach for understanding “people have to
construct their own meaning regardless of how clearly teachers or books
tell them things” (AAAS, 1990, p. 198). The student does this by connect-
ing new information to what he or she already knows. Knowledge is
remembered best if it is connected with other ideas and encountered in a
variety of contexts. When new ideas do not fit within a student’s existing
knowledge framework, restructuring of existing ideas becomes necessary.
This is done by providing students with experiences where they can see
how the new information helps them make better sense of the world.

Science for All Americans also suggested that: “Young people learn most
readily about things that are tangible and directly accessible to their
senses—visual, auditory, tactile, and kinesthetic” (AAAS, 1990, p. 199).
Although the ability to think abstractly, to reason logically, and to manip-
ulate symbols develops throughout schooling, most people continue to
rely on concrete examples of new ideas throughout their lifetimes. Other
pedagogical approaches that would support conceptual understanding
include applying ideas in novel situations and giving students practice in
doing so themselves, having students express ideas publicly and obtaining
feedback from their peers, allowing time to reflect on the feedback they
receive, and having the chance to make adjustments and try again. Also
noted were the values of self-confidence and the importance of the expec-
tations that others have on one’s self-confidence.

In addition to these general pedagogical principles, Science for All
Americans also made recommendations specifically for the teaching of sci-
ence, mathematics, and technology. There, too, the recommendations
were not new but rather a reaffirmation of many of the ideas that were
being suggested by science educators. According to Science for All Ameri-
cans, to appreciate the special modes of thought of science, mathematics,
and technology, students should experience the kind of thinking that
characterize those fields: “To understand [science, mathematics, and
technology] as ways of thinking and doing, as well as bodies of knowledge,
requires that students have some experience with the kinds of thought
and action that are typical of those fields” (AAAS, 1990, p. 200). Science for
All Americans also pointed out the value of beginning instruction within
the range of concrete experiences that students have already had:
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Sound teaching usually begins with questions and phenomena that are
interesting and familiar to students, not with abstractions or phenomena
outside their range of perception, understanding, or knowledge. Students
need to get acquainted with the things around them—including devices,
organisms, materials, shapes, and numbers—and to observe them, collect
them, handle them, describe them, become puzzled by them, ask questions
about them, argue about them, and then to try to find answers to their ques-
tions. (p. 201)

It was also recommended that the content and methods of science be
taught together:

In science, conclusions and the methods that lead to them are tightly cou-
pled. Science teaching that attempts solely to impart to students the accu-
mulated knowledge of a field leads to very little understanding and
certainly not to the development of intellectual independence and facil-
ity.... Science teachers should help students to acquire both scientific knowl-
edge of the world and scientific habits of mind at the same time. (AAAS,
1990, pp. 201-203)

The suggestion that because content and method are coupled in the
doing of science they should also be coupled in the teaching of science
presents a significant challenge to educators, one that has historically
been easier to state in the abstract than to implement in actual practice.

Science for All Americans also recognized that doing science was a social
activity that incorporates a number of human values, and these too
should be part of the science curriculum. For example, curiosity, creativ-
ity, imagination, skepticism, and the absence of dogmatism should all be
acknowledged as important in the conduct of science. Science teaching
should encourage students to raise questions about what is being studied,
help them frame their questions clearly enough to begin to look for
answers to those questions, and support the creative use of imagination. It
should promote the idea that one's evidence, logic, and claims will be
questioned, and experiments will be subjected to replication. Students
should be encouraged to ask: How do we know? What is the evidence? Are
there alternative explanations? Science for All Americans makes clear that
science is a way of extending understanding and not a body of unalterable
truth. It also suggests that teachers and textbooks should not be viewed
primarily as purveyors of truth. Because science ideas are often modified,
an open mind is needed when considering scientific claims.

Originally Project 2061 was designed in three phases. In Phase II,
teams of educators and scientists were charged with transforming Science
for All Americans into blueprints for action. Six school-based teams would
produce curriculum models that other school districts and states could
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use as they undertook the reform of science, mathematics, and technol-
ogy education. Phase II would also specify the changes needed in
research, teacher education, testing, educational technologies as well as
the organization of schooling, and state and local policies for the vision to
succeed. The idea that local sites could interpret general frameworks and
provide the implementation suitable to their own communities was con-
sistent with the general belief in the importance of local control that was
reflected in the reports of the early 1980s. That approach called for a cen-
tralized vision and decentralized implementation.

In Phase III, there was to be collaboration with scientific societies, edu-
cational organizations and institutions, and other groups involved in the
reform of science, mathematics, and technology education to turn the
Phase II models into educational practice (AAAS, 1990, p. 221). Project
2061 was hopeful that Science for All Americans would be part of the policy
discussions that would ultimately lead to a specification of the science
content that needed to be taught to achieve science literacy for all. Project
9061 recommended that the President, the U.S. Secretary of Education,
Congress, state governors, business and labor leaders, and the news
media use the Science for All Americans report along with other reports to
stimulate discussion and debate on the goal of scientific literacy for all. As
noted earlier, Science for All Americans did not, however, lay out grade-by-
grade learning expectations for students.

The first organization that did produce such grade-by-grade learning
expectations for students in the form of content standards was the

‘National Council of Teachers of Mathematics (NCTM). In 1986, the

NCTM board of directors created a Commission on Standards for

. School Mathematics to “create a coherent vision of what it means to be
mathematically literate” and to “create a set of standards to guide the

revision of the school mathematics curriculum” (NCTM, 1989, p. 7). In
1989, NCTM produced a document specifying content standards for

-students in school mathematics at four grade bands (K-2, 3-5, 6-8, and
-9-12). The standards were offered as “statements of what is valued.” The
* standards were to serve: “(1) to ensure quality, (2) to indicate goals, and

(3) to promote change” (NCTM, 1989, p. 2). The NCTM report was
well received by the education community as a model for standards-

‘based reform. Kirst and Bird (cited in Collins, 1998, p. 713) listed four

reasons for the positive reception that the NCTM standards received:
1) the preparation time taken to develop the intellectual groundwork
or mathematics reform, (2) broad involvement in the development pro-
ess including significant roles for educators and subject-matter special-

"ists, (3) a far-reaching review and feedback process, and (4) continued

robust efforts to establish consensus and build capacity.
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The National Governors’ Conference

In September 1989, President George H. W. Bush met with the state
governors in Charlottesville, Virginia, to discuss a national agenda for
education. At this meeting the president and the governors agreed to
establish clear national performance goals and strategies to ensure
United States international competitiveness. They also agreed that there
should be annual reporting on progress toward meeting those goals and
that in return the states would be given greater flexibility in the use of fed-
eral resources to meet the goals. The goals themselves were to be
announced in early 1990. Structural changes that would be needed to
implement the goals would include

a system of accountability that focuses on results ... and decentralization of
authority and decision-making responsibility to the school site, so that edu-
cators are empowered to determine the means for achieving the goals and
to be held accountable for accomplishing them. (U.S. Department of Educa-
tion, 1991, p. 79)

The strategy of centralized goal setting and decentralized implementa-
tion that had been introduced in the early 1980s was finding favor across
the country.

On April 18, 1991, President Bush released AMERICA 2000: An educa-
tion strategy (U.S. Department of Education, 1991) which described a plan
for moving the nation toward the national goals adopted the previous
year. In his opening remarks, the President said: “If we want to keep
America competitive in the coming century, we must stop convening pan-
els to report on ourselves.... We must accept responsibility for educating
everyone among us, regardless of background or disability” (p. 2). “It’s
time to turn things around—to focus on students, to set standards for our’
schools—and let teachers and principals figure out how best to meet
them” (p. 4). President Bush spoke also of the importance of character
education, school choice, lifelong learning, and the cultivation of commu-
nities where learning was valued and available throughout one’s lifetime.
Forged in cooperation with the nation’s governors, six goals were identi-
fied that would be accomplished by the year 2000: (1) ensure that every
child starts school ready to learn, (2) raise the high school graduation rate
to 90%; (3) ensure that each American student leaving the fourth, eighth,
and 12th grades can demonstrate competence in core subjects; (4) make
United States students first in the world in math and science achieve-
ment; (5) ensure that every American adult is literate and has the skills
necessary to compete in a global economy and exercise the rights and
responsibilities of citizenship; and (6) liberate every American school
from drugs and violence so that schools can encourage learning (p. 4).
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" This was to be a national program but it would not be dictated by the fed-

eral government. According to President Bush,

- America 2000 is a national strategy, not a federal program. It honors loFal
control, relies on local initiative, affirms states and localities as the senior
partners in paying for education... It recognizes that real education reform
happens community by community, school by school, and only wi.xen p_eople
come to understand what they must do for themselves and their ch:]d.ren
and set about to do it. The federal government’s role in this strategy is lim-
ited.... But that role will be played vigorously. Washington can help bY set-
ting standards, highlighting examples, contributing some funds, Rrowdmg
flexibility in exchange for accountability and pushing and prodding. (pp.

11-12) ,

The strategy for accomplishing the national goals was to include a 15-
point accountability package that would encourage schools and commu-
nities to measure and compare results, and insist on change when the
results were not good enough. The package included‘natior.lal standards,
national tests, reporting mechanisms, and various incentives. (?ontent
standards in each of five core subject areas would be developed in con-
junction with a national education goals panel. “These standards will
incorporate both knowledge and skills, to ensure that, when they leave
school, young Americans are prepared for further study and the work
force” (p. 21). Tests to measure achievement of thag content would also be
developed in conjunction with the national education goa.lls panel. These
tests would be national but voluntary and tied to the national standards.
Colleges would be encouraged to use the tests in admissions, and emp!qy-
ers would be encouraged to use them in hiring. To ensure accountability
to the public, school districts would issue report cards on rcsull{s to pro-
vide clear (and comparable) information on how Lhey_werc domg..The
President’s proposals called for Congress to authorize the National

Assessment of Educational Progress

regularly to collect state-level data in grades four, eight and twelve in a!l five
core subjects, beginning in 1994. Congress will also be asked to permit the
use of National Assessment tests at district and school levels by states that

wish to do so. (p. 22)

Finally, the President argued for a decentralization of autho.rity and deci-
sion making in which the local school was identified as the site of reform.

Because real education improvement happens school by school, th_e teach-
ers, principals and parents in each school must be given the authorlty—ar?d
the responsibility—to make important decisions about how the school will
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operate. Federal and state red tape that gets in the way needs to be cut.
(p. 23).

Recognizing that in 1991 national content goals in the subject areds

were not yet available, the President said:

First, what students need to know must be defined. In some cases, there is a
solid basis on which to build. For example, the National Council of Teachers
of Mathematics and the Mathematical Sciences Education Board have done
important work in defining what all students must know and be able to do
in order to be mathematically competent. A major effort for science has
been initiated by the American Association for the Advancement of Science.
These efforts must be expanded and extended to other subject areas. (p. 70)

Benchmarks for Science Literacy

In 1991, Project 2061 was engaged in Phase 11 of its reform efforts, the
development of curriculum models in six school districts around the
country. Over the course of four summer workshops between 1989 and
1992 and 40 days of release time during each school year, teams from
each location worked on developing these curriculum models. During the
first summer, a number of cross-team working groups were formed as
well. One was a strand group, whose purpose was to begin the process of
determining what knowledge and experiences a student had to have in
grades K-12 in order to achieve the goals in Science Jor All Americans. It
had become clear to everyone that it would not be possible to directly
translate the content described in Science for All Americans into a K-12 cur-
riculum without intermediate learning goals. The intent was that the
product of the efforts of this strand group would be an internal document
that would aid the curriculum development teams in their work. The pro-
cess was called backmapping and the products were called maps or strand
maps. These maps showed the progression of ideas through four grade
bands. They were based on (1) the logical development of the science
ideas and (2) the age at which students would be expected to understand
each idea. During the second summer workshop in 1990, all of the teams
were assigned to work on these maps because the maps were proving to be
so useful to the schools.

With President Bush’s declaration in his America 2000 report in the
spring of 1991 that standards “will be developed ... for each of the five
core subjects,” and his explicit mention of the work of AAAS, the focus at
Project 2061 shifted from the further development of school-based curric-
ulum models to the transformation of back-mapped ideas into “bench-
marks.” By 1993 that work was complete and in print, and Benchmarks for
Science Literacy (AAAS, 1993) was hailed by many as the long-awaited
national content standards in science (Atkin, 1997, p. 168). Although the
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ariginal intent of the back-mapping was not to produce content stan-

dards, but rather to produce an ordering of ideas that cqulc! be used in
the development of curriculum models, Project 2061 decided to use the
work they had already done in creating the bcnchma?ks to more directly
impact the national debate on science literacy and ultimately to influence
what became the National Science Education Standards. '

The decision to produce and publish Benchmarks th‘rust Project 2061
into the center of the standards movement. But accm:dmg to an external
evaluation of Project 2061 prepared by SRI International in 1996, even
before Benchmarks was published in 1993 “both the National Science
Foundation and the U.S. Department of Education urgt_:d states and loczlil
districts to incorporate or demonstrate consistency with Project 206! 5
vision of science literacy in their proposals for important federal initia-
tives” (SRI International, 1996a, pp. 10-11). For t;:xamplc, the s_r_atemde
systemic initiatives (SSI) program, a National Science Foundaufm pro-
gram begun in 1990, was based on the idea of sl:ate-_level, systemic, stan-
dards-based reform. According to the SRI report, Science for All Americans

“was explicitly named as a useful model for supporting a systemic initiative

in elementary and secondary science education. The U.S. Department of
Education also referred to Project 2061 as a model to support standards-
based or systemic reform. In the national portion of .the Department of
Education’s Eisenhower National Mathematics and Science Prggram that
began in 1992 to promote the development and implementation of state
curriculum frameworks in mathematics and science, “Science for All Ameri-
cans [was] noted as one of a very small number of documents that could
serve as a foundation on which the states applying for federal funds could
build their frameworks” (SRI International, 1996a, p. 11). .

Especizlly after Benchmarks was published, Projfzct 2061, which was
meant to be part of a long-term reform effort bringing together many of
the values and ideals of enlightened science educators, soon became iden-
tified with the standards movement. Benchmarks became a standards docu-
ment in the minds of most people, in part because the nation was pc_nscd
to receive national standards. By the early 1990s, the idea of national
goals (along with local implementation) that had been discussed through-
out the 1980s had become a widely accepted-approach to reform through-
out the country.

At the same time that work was progressing at Project 2061 to create
benchmarks for science literacy, the national education goals panel was
established in 1991 to measure progress toward the broad national goals
that had been established by the Bush administration. Also that year, con-
sistent with the charge from the goals panel to establish national content
standards in five content areas, the U.S. Department of Education and the
National Science Foundation made a decision to fund the National
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Research Council (NRC) to create national standards in science. Accord-
ing to Collins (1998), in receiving the award “the NRC was encouraged to
draw on expertise and experience from both the AAAS and NSTA
[National Science Teachers Association]” (Collins, 1998, p. 715), and the
advisory board for the project included representatives of both NSTA and
AAAS. In the fall 1991 issue of its newsletter, Project 2061 Today, the
response of Project 2061 to this decision was clear: '

[Science for All Americans and Benchmarks] will contribute to the formulation
of national standards for science education, an enterprise to be orchestrated
by the National Research Council and funded by the U.S. Department of
Education. This welcome opportunity for working together will produce a
much-needed resource for the nation, (“Developing Standards,” 1991, p. 3)

National Science Education Standards

National Science Education Standards was written in direct response to a
call from the federal government to establish content standards in each of
five disciplinary areas that could be used to measure progress.toward the
national goals. (In addition to writing content standards, the NRC also
wrote standards for teaching, professional development, assessment, sci-
ence education programs, and science education systems.) The national
standards in each disciplinary area were to offer a means to judge the
quality of student learning and educational programs. In the words of the
NRC: “Science education standards provide criteria to judge progress
toward a national vision of learning and teaching science” (p. 12). As that
statement makes clear, however, the National Science Education Standarvds
represents a vision as well as a set of criteria for making judgments. Stan-
dards are forward looking even as they provide a means for measuring
progress toward attaining that vision. In fact, from the beginning to the
end of the document, it is the forward-looking vision of science literacy
that comes through most strongly in the Standards.

The tension between a statement that represents a fixed standard that
can be used for accountability purposes and one that represents a flexible
and ever-evolving vision of reform is difficult to resolve. That tension is
evident in Collins’ (1998) discussion of the political nature of the process
of developing the Standards. One place this is particularly apparent is in
how standard is defined. In the NRC Standards, there are seven content
areas at each grade band, each divided into several bulleted topics, which
in turn are elaborated into-a small number of more detailed fundamental
abilities and concepts. For example, for grades 5-8, Content Standard B
(Physical Science) says: “As a result of their activities in grades 5-8, all stu-
dents should develop an understanding of (1) properties and changes of
properties of matter, (2) motions and forces, and (3) transfer of energy”
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(NRC, 1996, p. 149). There are then six “fundamental concepts and prin-
ciples” that underlie the “transfer of energy” part of this standard, one of
which that states: “Heat moves in predictable ways, flowing from warmer
objects to cooler ones, until both reach the same temperature” (NRC, p.
155). Clearly, when considered at the topic level (transfer of energy) there
is a lot of discretion granted for making decisions about content, instruc-
tional activities, and assessment, and not much guidance regarding
exactly what to teach or what to hold students accountable for. At the level
of the detailed knowledge statements (heat moves in predictable ways,
flowing from warmer objects to cooler ones, until both reach the same
temperature), there is more specificity and less flexibility. The position
taken in the Standards is captured in the statement: “the discussion of each
standard concludes with a guide to the fundamental ideas that underlie
that standard, but these ideas are meant to be illustrative of the standard,
not part of the standard itself” (pp. 6-7). This interpretation of what a
standard is suggests that in the development of the Standards, accountabil-
ity with respect to a fixed standard was not the first priority.

Additional evidence that the Standards was not attempting to be a
present day accountability document is the strong position that the NRC
took with respect to inquiry as pedagogy, even though such approaches
had met with mixed success throughout the twentieth century, most nota-
bly in the reform efforts of the 1960s (Welch, Klopfer, Aikenhead, & Rob-
inson, 1981, p. 40). In its “Call to Action,” the NRC said that the
Standards “emphasize a new way of teaching and learning about science
that reflects how science itself is done, emphasizing inquiry as a way of
achieving knowledge and understanding about the world” (p. ix). Later,
when recommending changing directions for science content, inguiry is
the dominant theme, including the statement that there should be greater
emphasis on “doing more investigations in order to develop understand-
ing, ability, values of inquiry and knowledge of science content” (p. 113).
In its “Overview,” the NRC said: “Implementing the Standards will require
major changes in much of this country’s science education.... Inquiry is
central to science learning” (p. 2). Although these statements make it
clear that the “importance of inquiry” does not imply that all teachers
should pursue a single approach to teaching science” (p. 23), neverthe-
less, inquiry pedagogy is so deeply imbedded in the NRC Standards, that
many have come to equate standards-based science education with
“inquiry-based” science education. The point is that given the historic dif-
ficulty of implementing inquiry-based pedagogies, inquiry could not rea-
sonably be used as an accountability criterion at this time. It must be
viewed as a vision for the future.
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Goals 2000
The specific proposals in President Bush’s America 2000 report were
never enacted into law during his presidency because in November 1992

President Bush was defeated in his reelection attempt by Bill Clinton,-

then governor of Arkansas. But because many of the ideas in America 2000
had come from the governors at the education summit that Bush had
convened shortly after he took office in 1989, including Clinton as gover-
nor of Arkansas, the general strategy for reforming education remained
intact and the legislation that President Bush had proposed was resur-
rected by the Democrats as Goals 2000.

On March 31, 1994, President Clinton signed the Goals 2000: Educate
America Act. The act retained the six goals from America 2000 and added
two new goals, one on teacher professional development and another on
promoting the involvement of parents in their children’s education. The
rationale for the eight goals centered on educating workers for productive
employment, with special reference to competition in international trade.
Again, as throughout the 1980s, the 1960s, and earlier in the century, the
government’s primary interest in education was the development of
human capital so that the U.S. could remain competitive internationally
(Spring, 2001, p. 434). In addition to stating national goals, the Goals
2000 legislation also created the National Education Standards Council,
which had the authority to approve or reject the states’ content standards.
This body subsequently dissolved following the 1994 midterm elections
when the Republicans took control of Congress and voiced objections to
the increasing intrusion of the federal government in education (National
Conference of State Legislatures Report, 2004). Also in 1994, President
Clinton signed the Improving America’s Schools Act (IASA), which was a
reauthorization of the original Elementary and Secondary Education Act
of 1965, first enacted as part of President Johnson's War on Poverty and
intended to improve education for disadvantaged children in poor areas.
Under the IASA, states had to: (1) develop challenging content standards
for what students should know in mathematics and language arts; (2)
develop performance standards representing three levels of proficiency
for each of those content standards—partially proficient, proficient, and
advanced; (3) develop and implement assessments aligned with the con-
tent and performance standards in at least mathematics and language
arts at the third through fifth, sixth through ninth and 10th through 12th
grade spans; (4) use the same standards and assessment system to mea-
sure Title I students as the state uses to measure the performance of all
other students; and (5) use performance standards to establish a bench-
mark for improvement referred to as adeguate yearly progress. All schools
were to show continuous progress or face possible consequences, such as
having to offer supplemental services and school choice options to stu-
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dents or replacing the existing staff (National Conference of State Legis-

latures, n.d.).

The trend toward holding schools accountable for their students’ per-
formance through standards setting and assessments that began in the
early 1980s was continued and strengthened with this legislation. It
played a significant role in the development of the standards movement
because it moved the emphasis away from national standards anc.i volun-
tary national testing to a state-by-state sysl:cm_of standard§ setting and
accountability. And as we will soon see, it provided the basis for [hc'N.o
Child Left Behind Act of 2001. But before moving forward to 2001, it is
important to note that not everyone in the education community in the
early 1990s was in favor of the standards-base:d.accountz'lblhty movement,
especially when it spoke of national accountability and hinted at the possi-
bility of a national curriculum. Although the movement was generating
bipartisan support in Congress and in statehouses across the country, con-
cerns persisted about the nationalization of education and were, in _part,
why attention shifted, particularly legislatively, frorq a focus on na.uonal
goals and accountability to state-by-state accountability programs in the
mid to late 1990s.

Reaction to the Idea of National Standards

In June 1993 the American Educational Research f.\ssot:'iacipn (AERA)
sponsored an invitational conference to explore the implications of [!16
new standards-based accountability movement. Papers were commis-
sioned as part of the conference and published as the first in a series of
AERA public service monographs in 1995. In general, the papers were
critical of what was seen as a move toward a national cumculurp a_nd
toward greater federal control over education. The fear was that aligning
national tests (albeit voluntary) to national goals was a recipe for'a man-
dated curriculum, and the country would inevitably move in the filrcctlon
of a national curriculum. The proposal that there would be a national test
was the most troubling aspect of the plan, for it was felt that a national test
would create a de facto mandated curriculum (Zumwalt, 1995). .

Although some felt there were likely to be advantages to ha'vmig a
national curriculum, there were many concerns that such centralization
would take control away from local communities which, it was thought,
had the best insights into what was important for their studc'n.ts to know.
There were also concerns that common goals and accountability Fh_rough
testing would lead to a narrowing of the curriculum, a de-skilling of
teachers, a focus on external academic knowledge, and a move toward
direct instruction (Kellaghan & Madaus, 1995; McNeil, 1995). It was also
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feared that these changes would threaten the “soul of the curriculum®

(aesthetics, for example) and draw attention away from caring about chil-
dren as individuals (Kellaghan & Madaus, 1995; McNeil, 1995; Zumwalt,
1995). Some questioned whether it was desirable to specify what all stu-
dents should know and whether it was possible to validate such knowledge
given the vast array of social and cultural contexts from which people
have come and in which they now live. In his concluding statement, Asa
Hilliard, said: “The problem is at its base one of curriculum validity....
Multiethnic, multinational, multidisciplinary scholars must be consulted
to review every area of the curriculum to cleanse it of error and to enrich
it with diverse perspectives” (1995, pp. 153-154).:0thers questioned the
overall effectiveness of this approach to reform, especially if it was even
possible to create unity out of such a diverse system.

No Child Left Behind

Consistent with a move toward state-level standard setting and
accountability through testing, on January 8, 2002, President George W.
Bush signed into law the No Child Left Behind Act of 2001 (NCLB), a bill
to extend and revise the Elementary and Secondary Education Act of
1965. The changes in this legislation over the 1994 reauthorization are
significant because the new law emphasizes even greater public account-
ability, with funding tied directly to meeting expectations. In the words of
one observer: “This landmark event certainly punctuated the power of
assessment in the lives of students, teachers, parents, and others with
deep investments in the American educational system” (Jorgensen &
Hoffmann, 2003).

NCLB requires states to build assessment systems to track the achieve-
ment of students in their state against a common set of state-derived stan-
dards. By the 2005-2006 school year, states are required to test students
annually in reading and mathematics between grades 3 and 8 using state-
wide tests, and to test students at least once during grades 10 through 12.
The tests must provide individual student scores. By the 2007-2008
school year, students must be tested in science at three grade bands. Every
2 years, states must also administer the mathematics and reading tests of
the National Assessment of Educational Progress to a sample of students
in grades 4 and 8. This allows the states to check the rigor of their own
tests and to make national comparisons. The law also requires schools,
school districts, and states to disaggregate the average test score results
for major racial and ethnic groups, income groups, students with disabili-
ties, and students with limited English proficiency. Starting in the 2001-
2002 school year, states have 12 years to achieve the goal of having all
groups of students meet their own state’s benchmark for proficiency in
reading and mathematics. As with the 1994 Improving America's Schools
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Act, the new legislation calls for states to define three levels of proficiency

and to measure students with respect to those proficiency levels. The goal

of NCLB is to raise reading and math proficiency to 100% for all students

n the country by 2014. NCLB measures the performance of subgroups of

_students in reading and math and requires all groups—defined by race,

ethnicity, income, and other characteristics—to keep improving until all
groups reach the 100% goal. Failure to make adequate yearly progress toward

i i i i ool
‘meeting these goals results in various actions intended to help a sch

improve. In addition to technical assistance, staff changes, and .Lhe ;l)lossll-
bility of private or state takeover of the failing school, students in schoo s;
that do not meet their target goals are able to transfer to another schoo
or use their Title I funds to pay for tutoring or other supplemental ser-
VICSCLB continued a standards-based accountabilit)t' movement that
began in the early 1980s and that was strengthened with passa:gez ;f the
Improving America’s Schools Act (1994) and the Goals 2000: E ucal:e
America Act (1994). The NCLB legislation of 2001, however, took the
focus on standards-based accountability sign_iﬁcantly farther through thg
specificity of its requirements and its sanctions. Standards present an

past were now firmly entrenched in federal law.

IMPACT OF THE STANDARDS MOVEMENT

It is clear that the standards movement that began in the early 1_9895 rep-
resents one of the most significant changes in educat:on'pohcy in the
United States to date. It is reasonable, then, to ask what the :mpact_of thliu
change in policy has been. Immediately, though: we are faced with the
question: Which standards movement are we talking about? There are at
least four ways to think about the impact of standards, depending on
whether the standards movement is defined as (1) the general goal oj
raising the rigor of the educational experience for all, to be ar':compl:ishc

by requiring all students to take more science courses, f)ﬂ'erlng stu Emi_
more academically challenging experiences, and increasing the length o

the school day and the school year; (2) an a.ccountab?llty strategy mvoh;i
ing testing and public reporting; (3) a detailed spec1ﬁcaufm of wha.nt‘a

students should know and be able to do; or (4) an elaboration of a vision

of science literacy for all. . . ;
It is not my intent to provide a detailed discussion of each of these

i ir implicati i h of the ques-
meanings or their implications here. A brief response to each of
tions beglow provides an overview of the widely acknowledged impact of
standards before moving to a discussion of what next steps should be
taken to move the standards-based reform agenda forward.
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Question 1: What has been the effect of calls for more rigor? There is
no question that the ideas presented in A Nation at Risk have resonated
with many people in this country over the past two decades. States were
quick to raise science course requirements, and some increased either the
length of the school year or the school day. Between 1982 and 1994 the
percentage of high school students taking science courses increased sub-
stantially from 77% to 93% in biology, from 31% to 56% in chemistry, and
from 14% to 25% in physics (see Demarest, 2002, p. 332). During the
1980s and 1990s states and local school districts raised their requirements
for the number of science courses students had to take. Some states also
increased the length of the school day and the school year. There is no
question that schools today are valued for the number of rigorous and
challenging courses that they offer, especially honors and advanced place-
ment courses. Holding students back when they do not perform at grade
level is frequently seen as a way to maintain standards, and some states
have officially ended the practice of “social promotion” (Neal & Poole,
2004). “Standards as rigor” is very much a part of the present educational
environment.

Question 2: What has been the effect of the standards movement as an
accountability strategy that uses high-stakes testing and external report-
ing? The conventional wisdom is that high-stakes tests concentrate energy
and resources toward the things being tested. This is becoming particu-
larly evident under NCLB legislation that uses test results in mathematics
and reading as part of annual yearly progress reports, but does not
include test results from any other subject areas (Perlstein, 2004). The
power of the test to focus attention on what is being tested applies both at
the school wide curriculum level and it applies at the level of the content
of individual courses. Teachers are beginning to limit their instruction to
those ideas that are going to be on the state’s test. The issue of teaching to
the test raises questions about whether such a practice is helpful or detri-
mental to good education.

Question 3: What has been the impact of defining—much more pre-
cisely than had been done in the past—what all students should know and
be able to do? This is an extremely difficult question to answer by itself.
Especially at the state level, specification is accompanied by accountability
testing, so it is difficult to tell whether the effect, if any, is due to the test-
ing or to the specification. Specification of content was intended to be a
positive feature of reform. The specified content would represent the
most important things for students to know, including ideas that were
functional in students’ lives and that taught them important aspects of the
structure of science itself—a less is more approach. One place to look for
the impact of content specification is textbooks. In general, there has
been little if any effect on textbooks of the efforts to identify the most
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important content for students to study. Textbooks continue to cover as

- much content as possible. Another place to look for the effect of greater

specification of content is student learning. Whether a sharper focus on
important science ideas has affected either the depth or breadth pf stu-
dent understanding, we do not yet know. In fact, the assessment instru-
ments that would provide an answer to that question do not exist.

Question 4: What has been the contribution of standards-based reform
as presented in the National Science Education Standar.ds and_Bmwhmarks for
Science Literacy to the on-going efforts to achieve science literacy for all?
Where will these documents stand in the record of important efforts to
improve science education in the United States? At one level their contri-
bution has already been impressive. These national standards documents
were used as models to write state curriculum frameworks to guide the
development of the science curriculum in each state. This was the ﬁ}'st
time that the science content most worth knowing had been specified with
such great precision. In the past, guidance had been given at a more gen-
eral level of specification, and no one had provided a system of intercon-
nected ideas at this level of detail. In addition, both national documents
consolidated the best thinking about how science should be taught. There
is no question that through their influence on the states, t}.:at the?f have
had a major contribution to national attempts to achieve science literacy
for all.

NEXT STEPS IN THE REFORM OF SCIENCE EDUCATION

It is this fourth category of impact concerning the vision of sFienf:e liter-
acy for all that I will address in the remainder of this paper. It is this vision
that is the focus of standards future, and that is ultimately what reform
today in science education should be about. Accountability through
assessment is simply a strategy for motivating people to act. Reform, on
the other hand, is a continuing process of change. The standards docu-
ments in science education embodied a vision for improvement; they
were not authoritative pronouncements of a standard that all must meet.
They were meant to inform and enliven reform efforts. Although 'esr.ab-
lished by means of broad-based authoritative consensus, it was anticipated
that within certain boundaries consistent with that vision, the standards
documents were expected to be used by people who would apply that
vision of reform to their own practice, resulting in products that would be
shaped by their own particular situations.

The goals of the reform movement that appear in the standards docu-
ments are: (1) decreased content coverage to increase student under-
standing of the ideas being taught, (2) science for all students, (3) the
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integration of ideas within subject areas and across subject areas to
increase meaning and aid in retention, (4) knowledge that is useful for
personal growth and development, and (5) content that takes into account
both the products of science and the way that knowledge was developed.
These are noble goals worthy of pursuit.

In the early and mid1990s, the assumption was that it was possible for
the educational system to take content standards and turn them into cur-
riculum as long as important elements of the educational system were
considered and brought into the process. Working through issues of
school organization, curricular connections, equity, and finance seemed
doable (AAAS, 1998). That idea began to change as it became clear that
the content standards alone were not enough to guide reform. An entire
coordinated and integrated system of clarified and elaborated content
standards, more detailed guidance regarding effective classroom prac-
tices, curriculum materials aligned to the content standards that incorpo-
rate pedagogical support for teachers, and student assessment aligned to
those content standards needed to be developed before significant num-
bers of people in state education departments, higher education, the
business world, and family and community would be convinced of the
soundness of the reform message. Without further elaboration of the
intent of the reform movement and models of how to get there, it was
unlikely that the desired changes would occur.

At a minimum, three additional steps of considerable magnitude still
need to be taken if we are to build a standards-based educational system
that works and that the educational community will embrace. The stan-
dards documents that we now have lay out a comprehensive vision for sci-
ence literacy, but they do not adequately operationalize that vision in
terms of teacher practice, curriculum materials, or assessment. A number
of principles of effective instruction are included in the standards docu-
ments as well as some guidelines regarding assessment, but what we do
not yet have is: (1) models of what textbooks actually look like that are at
one with the vision of science literacy and that can be successfully used on
a wide-scale basis; (2) a thorough and convincing statement, along with
examples, regarding the range of research-based teaching practices or
classroom activities that are consistent with the reform agenda; and (3) an
assessment system that is aligned with the content standards thac is laid
out in the Standards and in Benchmarks for Science Literacy.

Fostering Implementation

In theory it is possible to construct an educational system made up of a
set of interconnected parts each of which is aligned with the content stan-
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ards. But even with clearly elaborated content standards in place,
companied by curriculum materials aligned with those content stan-
ards, teaching that is consistent with the goals of reform, and student
ssessments aligned to the content standards, we still need to consider the
contexts in which these parts will have to be implemented and the various
players who can help or hinder progress. There is a real world of existing
organizational structures, values, and practices that needs to be consid-
ered both during development and during implementation: In 2002, a
NRC panel produced a report on the influence of standards on the educa-
tional system in the United States. The panel did not attempt to answer

the question of what the influence of standards had been to date; rather, it

created a framework for conducting future research on the impact of stan-
dards. (See chapter 2, A Framework for Investigating the Influence of
Standards, for a detailed discussion of the panel report.) As part of that
framework, the panel identified three “channels of influence” —assess-
ment, professional development, and curriculum materials—that poten-
tially can leverage change in the system.

These channels of influence can also be viewed as contexts for reform,
that is, elements in the system whose preexisting interests and capacities
need to be accommodated if change is to occur. Those who control these
channels of influence, who have interests and capacities of their own, can
provide support for reform, remain uninvolved and disinterested
bystanders, or even counteract the efforts of reform. The point is that
these are not necessarily freely flowing and readily available channels
waiting to serve a new interest. They all represent well-established systems
of their own, and may not be easily changed. Tradition and resistance to
change has proved to be very powerful throughout our educational his-
tory. ‘

In European countries that have a more centralized means of enacting
and monitoring education, the channels of influence are very similar to
those in the United States, but the way education is controlled is very dif-
ferent. According to Cohen and Spillane (1992), channels of influence in
centralized systems can be used to direct what happens in classrooms by
controlling instructional materials, preservice and in-service education of
teachers, classroom instruction, and assessment of student achievement
(cited in Kellaghan & Madaus, 1995, p. 88). In centralized systems

there are definite procedures to reinforce the messages about content and
pedagogy conveyed in curriculum documents unlike the practice in Amer-
ica, where the dispersed organization of education might have ‘rendered
the connections between policy and instruction inconsequential for most of

our history." (p. 87)
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The decentralized nature of the U.S. educational system, both in its struc-
tural organization and its beliefs about local contol, raises significant
challenges to any national efforts of reform.

ELEMENTS IN AN EDUCATIONAL SYSTEM IMPORTANT IN
IMPLEMENTING REFORM

In the following sections, I will discuss some parts of the educational 55~
tem that need to be kept in mind when thinking about implementing a
reform strategy, and I will offer suggestions as to what is needed to move
the reform agenda forward.

State Education Departments and State Legislatures

At the present time, states are struggling with the requirements of
NCLB. Under this legislation, each state sets its own standards for profi-
ciency and is required to assess its students with respect to those stan-
dards. This federal requirement has the potential to have enormous
impact on the educational system. At present, the federal mandates
require annual testing in mathematics and reading in grades four through
eight and once between grades 10 through 12. Science will be tested at
three grade levels in 2007-2008 school year, but under present legislation,
science will not be part of the annual yearly progress determination,
which affects the designation of the school as meeting or not meeting
expectations. In addition, states are not required to provide content stan-
dards consistent with any nationally recognized vision of what quality sci-
ence education is. As noted earlier, the primary goal of NCLB is to raise
reading and math proficiency to 100% for all populations of students in
the country by 2014. In addition to the requirements of the federal legis-
lation, some states have made their own decision to test science through-
out the grades and to use those results for making high-stakes decisions,
including graduation from high school.

There is no question that states have made good use of and will most
likely continue to consult the national standards as they develop and
revise their own state content standards in science. But most states have
chosen to create something unique to their state rather than to appropri-
ate the national standards without modification. There is often an antipa-
thy in state legislatures to anything national when it comes to education,
especially when it suggests-the possibility of a national curriculum. When
the Colorado standards were drafted between 1994-1995, the drafting
committee used Benchmarks for Science Literacy as a guide but they also
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used current drafts of the NRC Standards as well as the (?.ahforma and
New Jersey frameworks. According to an SRI report: K'ey drafters
pointed to the usefulness of Benchmarks as an intellectual guide, but _the
committee did not feel obliged to deal with all of Benchmar_ks ax}d certa:n_ly
did not believe that they had to justify excluding sornethmg‘,mcluded in
Benchmarks.... Furthermore, the day-to-day criteria the committee L,z'sed in
drafting the standards were independent of national standa_rd:r, (SRI
International, 1996b, p. 4). Specifically, Colorado pla_ccc! restrictions on
the number of standards taught, on the degree of specificity of content to
be covered, and on recommendations concerning pedagogy. According to
SRI, “For political reasons, it was important that these should be seen as
model content standards, that they not tell teachers how to teach, and
there not be teaching standards” (p. 4). . .

Although state standards vary greatly in their degree of consistency
with the national standards, an examination of current state content stan-
dards and the accompanying assessment instruments reveals that the gen-
eral vision of science literacy is present in most of them, and many .of the
specific content areas that appear in the national standards are in the
state standards as well. One observer concluded that the state frameworks
capture “the spirit and essence of the national standards and the Bench-
marks remarkably well” (SRI Imemation.al: 1996a, pp. 3?5-37). From-the
perspective of national reform efforts, this is an encouraging observation.
However that does not mean that state framework documents treat the
full range of concepts found in the na_tional standards or approach all
concepts in the same manner as the national standards do. One problem
found by the SRI evaluators was that of overgenel.*allzauon of the content.
In some cases “the standards had become so diluted by generalization
that they doubted a teacher or other practitioner could make use of tht:md
and certainly could not develop assessment tasks to measure the state
standard” (p. 39). An example of a typical ovcrgenerzfllz.ed standard said
that students should be able to identify the characteristics .of and under-
stand the relationships among heat, light, sound, magnetism, ar_ld elec-
tricity (p. 38). Specifically which characteristics and which relationships were
not noted in the state standards document.

Given the decentralized nature of schooling in this country and the
lack of a national infrastructure for implementation, influencing the qual-
ity of education nationally must depend on state and local effqrts. There
is, for example, no tradition of school inspectorates in the United States
to monitor what happens in classrooms as there is in many Europ_ean
countries. In fact, states themselves often do not exert much centralized
control over education. In some states basic curricular decisions are made
at the district or even the individual school level and pedagogy is almost
always an individual matter for each teacher to decide. It is not clear that
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a centralized approach would ever work in this country. According to

Atkin (1997):

With the country’s traditions of local autonomy, the increased assertiveness
of teachers, and the changes taking place in science itself, it would be sur-
prising in American science education reform if any central agency ... will
be able to maintain strong and direct influence over actual classroom prac-
tices for very long. (p. 237)

According to another observer:

Standards-based reform that begins with developing a set of ambitious goals
for what students should know and be able to do is a very rational theory of
change. However, the political and educational systems operate in ways that
are not always describable as rational. (SRI International, 1996a, p. 20)

Thus, national efforts to reform science education are inevitably going to
encounter obstacles “due to the intrinsic difficulty of changing such a

large, complex enterprise as American education” (SRI International,
1996b, p. 89).

But, in general, states do want coherent, integrated educational sys-
tems. Therefore, the potential still exists for national groups to have a sig-
nificant impact on the continuing development of state standards and
resources for implementing those standards through the creation of edu-
cational products in which standards, instructional practices, curriculum
materials, and assessment are aligned.

Universities, Colleges, and the
Professional Development Community

Unlike countries that have a national education system, where a minis-
try of education can directly influence preservice and in-service education
programs and, therefore, what teachers know and can do, there is no cen-
tralized control over what happens in preservice teacher education or in-
service teacher development programs in the United States. There are
thousands of college- and university-based preservice teacher education
programs, all operating independently. The only centralized control of
these programs is the general oversight that each state has over its col-
leges and universities, and direct control over the curriculum in colleges
and universities is rare. In the case of preservice teacher education pro-
grams, where state certification and licensure is an issue, the states estab-
lish standards that colleges and universities must meet with respect to
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these programs, but rarely at the level of what gets taught in any particu-
lar course.

Similarly, in-service professional development is a decentralized activ-
ity in the United States, controlled to some extent by states, but largely an
activity organized by local school districts or voluntarily selected by teach-
ers as part of their own personal growth as teachers. There is little hope of
broadly impacting such a system; any influence will most likely be at the
level of individual school districts. Even in New York, which recently
enacted a statewide requirement of 175 hours of professional develop-
ment every 5 years to retain licensure for teachers newly certified in 2004,
the options for meeting that requirement are many (New York State Edu-
cation Department, n.d.). Often agreements of this kind between teachers
and the states are negotiated as part of collective bargaining agreements.

The degree of flexibility in the many ways to meet the professional
development requirement in New York raises the question of the role of
professional development for teachers. Is its main purpose the general
enrichment of teachers with decisions about those experiences left largely
to their personal preferences, or should professional development be
used as a tool for directly affecting the educational system? According to
Elmore (2002), there is disagreement in the field on this issue. He says
that whereas some educators believe that schools should take a more
instrumental view of professional development many “argue that teach-
ers, as professionals, should be given much more discretion and control as
individuals and in collegial groups in deciding the purpose and content
of professional development” (p. 32).

In either case, to achieve their approval and full participation, profes-
sional development should be planned with the real-world necessities of
teachers in mind, and as much as possible, teachers should be engaged in
the planning of the professional development experiences. If the experi-
ence is related to the work they are doing, and it has a high probability of
impacting student learning, teachers are more likely to participate. In
Elmore’s words: “The work itself, then, is the primary motivator for learn-
ing and improvement. If the work is not engaging and if it is not demon-
strably beneficial to student learning, then any incentives are likely to
produce weak and unreliable effects” (2002, p. 21).

For reform of science education to become a reality, teachers and the
college and university students who will become teachers must under-
stand the reform vision, but they also need to have available to them spe-
cific tools to help them implement that vision. This means that the people
who provide preservice and in-service educational experiences to teachers
must be well-informed of the vision themselves and have ways to commu-
nicate it clearly and evidence that it can be accomplished successfully.
With no centralized system for delivering the knowledge needed to
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advance the reform agenda, progress depends on the quality of the
reform ideas and their fit with existing professional development delivery

systeins.

Curriculum Materials Developers

For the most part, commercial textbook publishers have not yet
accepted the ideals of the current reform movement. The textbook pub-
lishing industry is a profit-driven and demand-driven enterprise. Publish-
ers are unlikely to make changes unless they are certain that those
changes are what the purchasers of textbooks want. According to SRI: “To
protect their competitive position, publishers are not willing to align text-
books with reforms that a majority of teachers have not fully accepted”
(SRI International, 1996a, p. 18) and publishers have little incentive to
“take on what they perceive as greater business risk in order to be aligned
with reform documents that, according to them, have not taken hold
within the teaching community—at least at this point in time” (p. 19).

Most textbooks are still very large and cover many more topics than the
national standards call for. To quote SRI:

Voluminous biology texts reflect the organization of high schools around sci-
ence disciplines. Technical vocabulary abounds (in each case, the glossaries
contain about 1,000 technical terms that are used in the body of the book),
and the authors have not eliminated material extraneous to what is required
to meaningfully convey key concepts.... Not only are the textbooks
‘designed to cover the standards, [they] cover everything.' (SRI Interna-
tional, 1996a, p. 17)

By providing coverage of many topics, publishers can appeal to a wider
range of states that may have differing content lists.

Publishers admit that texts continue to be laden with superfluous details
because ‘Even though people ask for ‘less is more,” when they go to make
their decision, they want everything.... From a business point of view, we
can’t make the decision to cut content. Every state looks at content differ-
ently ... to cut content would be financial suicide.’ (p. 18)

To date, the changes in curriculum materials have been small at best.
Some of the ideas present in the national standards have been incorpo-
rated, such as suggestions to include historical episodes and strategies for
linking science, mathematics, and technology (SRI International, 1996a,
p- 15). The publishers, however, have made little attempt to incorporate
the pedagogical supports that are consistent with the vision of teaching

History of the Science Standards Movement in the United States 39

-that the reform documents encourage (Kesidou & Roseman, 2002). Most

experimentation with curriculum materials has come with the support of

~ federal funding, primarily through the projects sponsored by the instruc-

tional materials development programs of the National Science Fo‘unda—
tion. Some of these innovative materials and ideas are finding their way
into the marketplace as commercial publishing companies often offer one
or more textbooks that appeal to the reform market, but the impact so far
has been small. For the innovative federally funded materials develop-
ment projects to have an impact, they will have to appeal to teachers and
help teachers meet the new accountability demands being placed on
them.

As with other elements of the educational system, there is no central-
ized infrastructure for affecting the textbook publishing industry. The
closest thing is the statewide adoption committees of some states and, to a
lesser extent, district and local adoption committees. By controlling t'he
list of approved materials, these committees have the poten;ial to signifi-
cantly affect what gets taught and how it gets taught. Educational reform-
ers can influence these decision makers by providing clear and
compelling guidelines for choosing materials that are consistent with _[he
reform vision, along with accompanying documentation of the effective-
ness of those materials to advance student learning in the areas recom-
mended in those reform documents.

Teachers

As Atkin (1997) noted: “One of the clearest lessons of successful
reforms is the importance of according considerable weight to the
insights and initiatives of those closest to the point of provision of educa-
tional services” (p. 219). Without the support of teachers and a vision that
is consistent with their values and capabilities, change is unlikely. Teach-
ers control the classroom. Regardless of the curriculum they are givcr_x,
they enact the curriculum the way they see fit. We also know that, histori-
cally, classroom instruction is a story of diversity. Teachers are unlikely to
march lockstep with respect to any innovation. Teachers develop and fol-
low their own guidelines (Demarest, 2002, p. 319).

The extent to which teachers have accepted the vision of reform in the
national ‘content standards is not clear. A 2000 survey of teachers con-
ducted by Horizon Research, Inc. showed that about 25% of respondents
felt that they were prepared to explain the NRC Standards to their col-
leagues; 20% felt that the standards had been thoroughly discussed in
their schools; approximately 39% believed that teachers had imple-
mented the Standards in their teaching, and less than 30% believed that
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their principal was well-informed about the Sta § i i
. ndards (Weiss, Banilowe
McMahon, & Smith, 2001). Other responses suggest that teachers hav

not yet embraced, or perhaps do not yet know about, national content
standards. But whether they are familiar with the standards themselves or
not, what is more important is whether they are sympathetic to the goals
found in them. There is some evidence that they are, but there are rea-

sons for concern as well.

In a survey of participants in Project 2061 professional development

workshops over a 3-year period, 85% of teachers strongly agreed with the

statement that “science teaching should be consistent with the nature of

sc,entiﬁc inquiry” and 69% strongly agreed that “students should learn
scnent_lﬁc ‘habits of mind' that explicitly include ways to assess the validity
of claims and arguments.” However, only 33% agreed strongly that “most
students are not currently learning science well, even in the best schools,”
53.6% that “changes in the education system should be driven by impo,r-
tant, specific goals to be achieved by all students,” and 56.8% that “identi-
ﬁcatfon of appropriate materials for curriculum and instruction requires
detailed study of how they relate to specific learning goals.” In addition
60.7% of teachers agreed strongly that “improving student understanding,‘
of science requires reducing in number and detail the science topics in the
current curriculum, leaving time for more effective teaching of important
ideas” (SRI International, 1996a, p. 69). The SRI report concluded:

When one notes that only 61% of teachers strongly agree that the level of
detail taught to students must be reduced, this is cause for real concern.
Considering that a much smaller percentage of the teachers who did not
attend Project 2061 workshops are likely to agree, the data suggest that
there is much work to be done if teachers’ classroom practice is tc(’) become
consistent with the philosophy that ‘less is more.’ Furthermore, only 54% of
teacf_lers strongly agree that education system reform should be driven by
specific goals for all students. This would be consistent with the finding ...
lha[.wachers as a group, particularly those at the high school level,aare
unwilling to discard much of the content that is now taught and do not, as
yet, fully embrace standards-based reform efforts. (SRI International

1996a, p. 87) '

There is some evidence that teachers view most of the statements in
national reform documents as being too general and vague for their pur-
poses. Thus they are influenced in what they teach primarily by the more
specific requirements of their district administrators and building princi-
pals, the f:urriculum materials that they use, and the culture of the school.
State testing may also have an impact on what teachers teach especially in
school districts where many students are likely to do poorly.
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Vhen it comes to how teachers teach, high-stakes testing is a major fac-
i their willingness to try alternative instructional approaches. In a
-stakes testing environment where student performance on the tests
oncern, teachers are very reluctant to modify their teaching unless it
e demonstrated that the new approach is clearly superior in achiev-
mproved test scores. In schools where students generally do well on
ts, testing pressures are minimal, but there, as well, teachers are not
Iy to change how they teach without good reason. As Elmore notes,
Few people willfully engage in practices that they know to be ineffective;
most educators have good reasons to think that they are doing the best work
they can under the circumstances. Asking them to engage in work that is
ignificantly different from what they are already doing requires a strong
} rationale and incentive. (2002, p. 20)

cording to Demarest (2002), it is not surprising that an attitude of cau-
o' or even cynicism is sometimes present among teachers, bombarded
s they have been by “waves of reformist exhortations” and what some
achers perceive to be “faddish pendulum swings.” For this reason, it is
essential that proposals to change teaching should be driven by “founda-
tional beliefs and theories” (p. 94).

Besides a clear foundational rationale for change, teachers also need to
see clear models of what is expected. The Project 2061 vision of reform
did not specify a particular approach to pedagogy. Teachers were
expected to interpret the reform vision and implement it in their own
way. This was consistent with a widely held view in the U.S that teachers
should develop and follow their own approaches to teaching. Science for
All Americans identified general principles of good teaching, such as the
importance of teaching for understanding and making science teaching
consistent with the nature of science, but it did not tell teachers in any
detail how to do that. The absence of detailed guidelines allows the
teacher flexibility in meeting the goals of the reformers, but it also means
that teachers must know what “teach for understanding” means and have
a solid grasp of what they can do to achieve such understanding in their
students. Without detailed prescriptions of what to do, teachers need
examples of teaching practices and curriculum materials that are effective
and consistent with the reform vision.

In contrast to the lack of specification regarding pedagogy taken by
Project 2061, the NRC took a very strong position on inquiry teaching as
a favored pedagogy and recommended that student investigations
become a central part of science classrooms. This raises additional chal-
lenges for teachers because, historically, teachers have found project-
based work difficult to deal with in the classroom. Teachers often see such
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lessons as too “difficult and troublesome” (St. John, 1987; and Weiss

1987, as cited in Demarest, 2002, p. 328).

indL_Il.tcllmalcf:ly, then, the impact of any reform effort comes down to the
widual classroom, and with so many teachers and so many classrooms
L Bt

it is mpussil_ale to directly reach each one of them individually. The
::g:iragt oi: lgiltlonal refo.r_m‘ efforr.s: on teachers’ behavior is more likely to be
. rl ct rather than direct. It will come through changes in professional
Be\:e gplilment proglrams,.curriculum materials, and assessment systems.
ut without a c.onmderauon of the values and capabilities of teachers wh
have so much independent control over what happens in the classr :
efforts at reform will not be productive. e

Students

Aftempts to change the goals and methods of education must also b
consistent with the deep educational purposes that are imbedded in N
culture Wltt'l Tespect to our children and youth. Is education prim 0'1;'.
abqut acquiring skills and information or is it about the dcvelopme Eltn }t{
;c:ga! coI;npetence, identity; and belonging? (See Wenger, 1998 aps cit:d ion

wn, De J !
sainie. 12 marest, Freeman, & Dalton, 2002, p. 193). Brown et al. (2002)

Zflucafct)rs .;re u;hkely to be successful with students—especially with the full
wersity of students who attend today’
ay's schools—unless they broad i
concept of education so it attend it
s not only to academic com
£a : . a petence, but to
cial competence, interpersonal connection, and identity as well. (p. 194)

o . ;
f.(.ordmhg to sociocultural theories, people are motivated by a desire to
pursue theirown interests, to d
; evelop competence, and to bui i
own life experiences. Co ; oo
- Lompetent performance in most ife situati
life experi real-life situat
requires individuals to draw ive
on knowledge not only i iti
e e . g nly in the cognitive
, o from the social and affecti i
ective domains. “School
i : ols are
a;;ddcd to prepare young people to become adults who are capable of
Efe i F;t'mg fully in and contributing to the economic civic, and social
eir communities and the nation” (D )
emarest, 2002, p. 243
teachers devote a consid : 13 i
erable amount of ener i
_ . to the huma :
tive aspects of life in the cla i s S
ssroom. This means that if nati
standards in science are goi on s b o
going to take hold, considerati i
to students in the classr i ’ ot ol
oom, where interpersonal ¢
sonal identity are im ici cloding the sy
portant to the participants, includi
o . ; uding the students
teachers, and their parents. It needs to be asked if the new demand;
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heing placed on students are consistent with the identity and social com-

tence needs of students.
‘Tt is clear that the standards-based reform movement and accompany-

g pedagogies do place new demands on students. Students are expected

to know more than facts and information. They must also know processes

i

d causal connections, and they must be able to use those ideas to iden-
tify and solve nontraditional problems. According to Wilson and Peterson
9002): “They need to learn about the ideas, theories, facts, and proce-
res of a discipline. They need to become fluent with the linguistic sys-
ms of a field, with developing the skill and knowledge associated with
inquiry in that field” (p. 108). In reform-based classrooms, students are
ept mentally engaged through questions and probes of what they know

d how they think. They are asked to provide explanations and ration-
-ales, give reasons, make their ideas public, accept the critique of their
peers, and offer comment on the thinking of others. Although these
expectations and practices are not new and have characterized some class-
rooms for many years, it is not the predominant mode of teaching in most

. classrooms. To make it so is an enormous challenge, and to make it fit the

earning styles of all students is ambitious to say the least.

‘When we consider the combined efforts of the science education
reform agenda and the accountability movement brought on by federal
legislation, the potential impact on students’ lives in classrooms is enor-
mous. Student performance is the measure of school success under the
resent federal legislation. Accountability and reporting is at the school
level, but the data comes from student performance on tests. It is they
-who ultimately will feel the pressure to reach higher levels of perfor-
i mance. As with teachers, the support of students is crucial to the success
of any refcrm efforts. Methods that are not consistent with the nature of
“¢children and adolescents, their needs as young people, and their sense of
‘who they are and the importance of what they are learning will be ineffec-
tive. It is essential that proposals to reform educational goals and meth-
ods, as well as plans to develop curriculum materials and to design
activities for classroom use, take the lives of children and youth into

account.

Schools

Reform of science education takes place within a context of classrooms,
state bureaucracies, professional development systems, and university
pre-service teacher education programs. It also takes place within a con-
text of school-based accountability. Under current federal legislation,
accountability is at the school level and is based on individual student per-
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formance. Science education reformers must realize that for reform to be
successful, implementation takes place in an environment where ¢ach
school is being held accountable for the performance of each student.
Just as teachers need new knowledge and an understanding and accep-
tance of the goals and methods of the reform movement, so too must
schools buy in to the reform agenda. What kind of institution is a school?
How equipped is it to effect the kinds of changes being proposed?

According to Elmore,

American schools and the people who work in them are being asked to do
something new—to engage in systematic, continuous improvement in the
quality of the educational experience of students and to subject themselves
to the discipline of measuring their success by the metric of students’ aca-
demic performance. Most people who currently work in public schools
weren't hired to do this work, nor have they been adequately prepared to do
it either by their professional education or by their prior experience in

schools. (2002, p. 3)

Elmore goes on to say that

there are few portals through which new knowledge about teaching and
learning can enter schools; few structures or processes in which teachers and
administrators can assimilate, adapt and polish new ideas and practices;
and few sources of assistance for those who are struggling to understand the
connection between the academic performance of their smdents and the

practices in which they engage. (p. 5)

When considering the knowledge needed to reform science education,
most school personnel currently have very little detailed knowledge: of
what the reform agenda in science entails. Weiss et al. (2001), for exam-
ple, found in a 2000 survey of teachers that, depending on whether it was
elementary, middle, or high school teachers who were responding, only
19% to 29% believed their principal was well-informed about the NRC
Standards. A similar number of teachers felt their district superintendent
was well-informed.

In discussing why it is so difficult for fundamental change to take place
in schools, Cuban (1993) provides a number of possible reasons. One of
these is the “inattention of policymakers to the details of implementing
reforms” (p. 251). In describing past efforts at reform, Cuban says:
“Absent, more often than not, were administrative mechanisms to dis-
pense information, organizational linkages between school practices and
district-wide goals, and teacher participation in the process” (1993, p.

252).
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So, in addition to taking the other parts of the educational system into
account, reformers also need to look at the schools themselves and con-
sider their ability to allow information to enter, to apply that knowledge
effectively, and to connect new ideas to changes in students’ performance.
These are enormous challenges for schools, but essential if reform is
going to become a reality.

SUMMARY

What I have tried to do in this chapter is to provide historical background
for the current science education reform movement and to show how
closely interconnected, but perhaps diverging in their fundamental mis-
sion, are a standards future vision of reform and the federally driven stan-
dards present accountability movement. I have also looked at the contexts
in which reform must take place, where existing interests, needs, and
capabilities of participants play a major role in any efforts at reform.

It is clear from this analysis that there are a number of things that still
need to be done to move the reform agenda forward. To begin, we need
to provide models of excellence that will be perceived as such by the edu-
cational community. Because we are operating in a decentralized, free
market system where ideas compete with each other for acceptance,
implementation cannot be effected through tightly controlled bureau-
cratic channels. In a sense we are left with a hopeful build it and they will
come approach. If the product is good enough, if it is convincing enough,
if it is integrated and coherent, if it can be implemented with reasonable
effort and resources, and if it can deliver anticipated results, then the
hope is that it will be used.

But, even then, without a clear and compelling reason to change, most
people will continue to behave as they have behaved in the past. Most
people act as they do because they believe it is the right thing to do. Our
efforts should continue to go into building a system of well-connected and

" coordinated parts. But that system must be built with a full awareness of

the values and capabilities of the many participants in the system, and, as
much as possible, with a level of involvement that achieves a sense of own-
ership for those participants. It should also be built with an awareness of

-how the many parts of the system work together. But obviously, we cannot

wait for everything to be completed before the new model goes on dis-

.play. As innovative curriculum materials, instructional strategies, and stu-

ent assessments that are aligned with content standards and sound
edagogical principles become available, we can expect there to be steady
movement toward the reform vision. An internally consistent set of
reform-based instructional tools and resources built on the foundation of
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carefully developed content standards should have great appeal to practi-
tioners in the field. It is also important that state education departments,

local school districts, teachers, and professional organizations that are

concerned with education issues be kept up to date on our reform efforts;

We now know that the changes being proposed will take time, much
more time than originally imagined. And we know that there is no single
and final solution to our problems. Our challenge is long-term and far-
reaching: We must promote a clear and uncomplicated message of reform
and engage the education system at all levels in ongoing and practical
efforts to offer the best science education possible to the greatest number
of people. We should not be trapped into a narrow and short-sighted
standards past or standards present accountability mode, but rather keep
our eyes looking toward the future.
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