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ways of thinking about it.
In Pursuit of Scientific Literacy

Far too many [young Americans] emerge from the nation's elementary
and secondary schools with an inadequate grounding in mathematics,
science and technology. As a result, they lack sufficient knowledge to
acquire the training, skills and understanding that are needed today
and will be even more critical in the 21st century. (Educational Testing
Service, 1988, p. 4)

nited States schools are today being asked to overcome four problems
Uthought to stand in the way of adequate preparation in science for the
next century. The first problem is the apparently low level of scientific
knowledge among members of the population. Miller (1991) has reported
that only about 6% of American adults are knowledgeable about science
facts and theories and, according to the International Association for
Evaluation of Educational Achievement (1988), U. S. students’ test resulis
compare unfavorably with those of students from other countries. Second,
science is said 1o e poorly tiught in schools: Many wachers are underprepared,
science activities are poorly designed, and standards for performance are 100
low (Aldridge, 1992). Third, the percentages of women and minorities in
many science fields remain disproportionately low (American Association of
University Women, 1992). Fourth, too few citizens are prepared to wuse
scientific knowledge to make decisions that affect their lives (Aldridge, 1992;
Berliner, 1992; Rutherford & Ahlgren, 1990). Taken together, these problems
are said to diminish the country’s ability to compete effectively in the global
economy and to address serious social and environmental issues.

The increasing sense of alarm generated by discussion of these prob-
lems has led to the development of three national-level proposals for science
education reform, including the American Association for the Advancement
of Science’s [AAAS] Project 2061 (AAAS, 1993; Rutherford & Ahlgren, 1990);
the National Science Teachers Association’s [NSTA} Project on Scope, Se-
quence, and Coordination of Secondary School Science (Aldridge, 1992
NSTA, 1992, 1995); and the National Research Council’s [NRC] National
Science Education Standards (1994).

All three proposals view “scientific literacy” for all Americans as the
eclucational solution to these problems and urge the nation w make it the
overarching goul of science education reform. Although the specifics of the
proposals vary somewhat, there is remarkable agreement that scientific
literacy is a broad and inclusive vision, requiring considerably more than
familiarity with a set of scientific facts.

AAAS’s Project 2061

Initiated by AAAS in 1985 when Haley's comet most recently passed close
to earth, Project 2061 was named for the year of the next return of the comet,
The project's name marks the realization “that children who would live to
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see the return of the Comet in 2061 would soon be starting their school
years” (AAAS, 1992, p. 3) and that the reform envisioned is substantial and
long-term. Project 2001 grew out of the work and recommendations of five
panels, composed primarily of scientists and charged with developing
recommendations for educational reform in five areas: biological and health
sciences; mathematics; physical and infermation sciences and engineering;
social and behavioral sciences; and technology. In the first phase of Project
2061, the panel reports were synthesized in the publication, Science for All
Americans [SFAA] (Rutherford & Ahlgren, 1990), a 246-page monograph that
defines scientific literacy and describes the content and processes necessary
to achieve it.

SFAA defines scientific literacy as having and using knowledge of
science, mathematics, and technology 10 make important personal and
social decisions. In SFAA, Rutherford and Ahlgren write:

Scientific literacy—which encompasses mathematics and technology
as well as the natural and social sciences—has many facets. These
include being famibiar with the natural world and respecting s unity;
being uware of some of the important ways in which mathematics,
technology, and the sciences depend upon one another; understand-
ing some of the key concepts and principles of science: having a
capacity for scientific ways of thinking; knowing that science, math-
ematics, and technology are human enterprises; and knowing what
that implies about their strengths and limitations; and being able to
use scientific knowledge and ways of thinking for personal and socia)
purposes. (1990, p. x)

While giving some attention to the contriburion of scientific literacy to
global competitiveness, the value of scientific literacy for humanistic and
democratic purposes figures most prominently in SFAA’s vision of the future:

Science education should help students to develop the understand-
ings and habits of mind they need to become compassionate human
beings able to think for themselves and to face life head on. It shouid
equip them also to participate thoughtfully with fellow citizens in
building and protecting a society that is open, decent, and vital.
(Rutherford & Ahlgren, 1990, p. v)

SFAA’s commitment to scientific literacy for a more socially compassionate
and responsible democracy is firmly established in the six principles it sets
forth for Project 2061:

*Science can provide humanity with knowledge of the natural and
social world that it needs to solve global and local problems.

*Science fosters intelligent respect of nature which will inform our
decisions on the uses of technology; without that respect, we are in danger
of recklessly destroying our life-support system.

*Scientific habits of mind can help people in every walk of life to deal
sensibly with problems that often involve evidence, quantitative consider-
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ations, logical arguments, and uncertainty.

eTechnological principles give people a sound basis for assessing the
use of new technologies and their implications for the environment and
culture: without an understanding of those principles, people are unlikely
to move beyond consideration of their own self-interest.

« Although many pressing global and local problems have technological
origins, technology provides the tools for dealing with such problems and
the instruments for generating, through science, ¢rucial new knowledge;
without the continuous development and creative use of new technologies.
sociery will limit its capacity for survival and for working toward a world in
which the human species is at peace with itself and its environment.

¢The life-enhancing potential of science and technology cannot be
realized unless the public in general comes to understand science, math-
ematics, and technology and to acquire scientific habits of mind; without a
scientifically literate population, the outlook for a better world is not
promising (Rutherford & Ahigren, 1990, pp. vi-vii).

Ahlgren and Rutherford (1993) also provide an example of how they
think a scientifically literate person might act. They anticipate that, if a
scientifically literate person reads an article about the logging of a tree
species, he or she would think first about how the tree species relates to
other parts of the forest ecosystem and then consider possible consequences
to other organisms. The zuthers continue with this scenario by suggesting
that their literate reader, on hearing that an environmental impact assess-
ment was being prepared, would question whether the methods used to
analyze the data were appropriate and whether the interpretations might be
“biased by political or economic self-interest.” Finally, the literate reader
would utilize “critical response skills” to judge whether the data were
represented accurately and whether sound reasoning was used o draw
conclusions (Ahlgren & Rutherford, 1993, p. 21).

NSTA endorsed the SFAA vision of scientific literacy. Further, NSTA's
Sequence, Scope, and Coordination Project built on the foundation estab-
lished by SFAA to suggest how the essential content required for scientific
literacy should be taught in schools.

NSTA’s Project on Scope, Sequence, and Coordination

The Project on Scope, Sequence, and Coordination of Secondary School
Science (SS&CY waus initiated in 1988, largely through the work of Bill
Aldridge, Executive Director of NSTA. Reflecting the interesis of NSTA’s
membership—science teachers, science education faculty, and educational
administrators, rather than scientists—the purpose of SS&C was to increase
levels of scientific literacy by reforming the way science is taught and science
education is organized. Although SS&C does not provide its own definition
of scientific literacy, the authors write that the project was designed to be
“particularly compatible with the direction, tenets, and themes of .. Project
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20617 (NSTA. 1992. p. 9). And like SFAA, SS&C is explicitly committed to a
broad vision of scientific literacy that is valuable and usefu! “for all Ameri-
cans.” Aldridge writes:

In this country. we teach science only 1o the elite, and we somehow
assume that others cannot learn science....But science is needed by
evervyone and everyone is capable of learning and enjoying science.
[All students] should stay in science until they have had several years
of a good learning experience in each of well-coordinated science
subjects. (1992, pp. 13-14)

As might be expected, 5S&C takes more account of recent develop-
ments in learning theory and science education research than does SFAA.
In fact, NSTA commissioned a 10-chapter volume of works from some of the
most influential thinkers in science education (Pearsall, 1992) 10 serve as a
philoscphical and research base for SS&C. At its heart, S3&C advocates “a
reform project that spaces learning over several years and moves from
concrete experiences to abstraction. Using a spiral approach, the same
concepts, principles. laws, and theories are studied at successively higher
levels of abstraction, thus helping students o construct their own knowl-
edge” (Aldridge, 1992, p.17).

Relying on this approach to science teaching and learning, $S&C
suggests that scientific literacy as envisioned by SFAA can be achieved by
everyone, Through several years of well-articulated science instruction in
school, all students should be able to learn and make use of science.

NRC’s National Science Education Standards

With both AAAS and NSTA at work on science education reforms, some
members of the scientific community began to worry that no single voice
spoke for the community as a whole (Culotta, 1994). In 1991, NSTA hosted
4 meeting where it was first suggested that the National Academy of Sciences
and its research arm, the National Research Council, might pen a consensus
set of "national standards” for science education. Because of its reputation
for impartiality, NRC was seen as the organization that could garner the
respect of key players in both the science and science education commu-
nities and avoid fracturing the national reform effort.

In 1994, NRC published a draft of its National Science Education
Standards [NSES] Acknowledging its debt 10 SFAA on its first page, NRC
adopted a very similar view of scientific literacy:

The goal of the National Science Education Standards is to create
vision for the scientifically literate person and standards for science
education that, when established, would allow the vision to become
a reality. The standards, founded in exemplary practice and contem-
porary views of learning, science, society, and schooling, will serve to
guide the science education system toward its goal of a scientifically
literate citizenry in productive and socially responsible ways, (NRC,
1994, p. I-1)
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The authors of the NRC document also make clear their commitment to
scientific literacy for all. The first principle underlying NSES reads:

All students, regardless of gender, culural or ethnic background,
physicul or learning disabilities, aspiration, or interest and motivation
in science, should have the opportunity to attain higher levels of
scientific literacy than they currently do. This is a principle of
equity.... This principle...has implications for program design and the
education system, especially the allocation of resources to ensure that
the standards do not exacerbate the differences...that currently exist
between advantaged and disadvantaged students. (1994, pp. 1-6-7)

Building on this vision of scientific literacy, NRC then makes its speciul
contribution: the provision of standards. That is:

criteria by which to judge quality of what students know and are able
1w do. of the suence programs thut provide the opportunity for
students to learn science, of science teaching, of the system thuat
supports science teachers and programs, and of assessment practices
and policies....As criteria and vision, [thesel seience education stan-
durds [taken together pravide a cancrete expression of nationad gouals
and a banner around which reformers rally. (NRC, 1994, p, 1-3}

We applaud this vision of a scientifically literate citizenry in which many
and diverse people act in socially compassionate and democratically respon-
sible ways. However, we are concerned that the means being used to
promote this vision are (oo narrowly focused. Where the vision of scientific
literacy assumes a spacious view of science applications, current implemen-
tation guidelines focus narrowly on key content: specifying what facts,
concepts, and forms of inquiry should be learned and how they should be
taught and evaluated. While the proposals envision democratic, socially
responsible uses of science (hereafter: socially responsible science) and
participation by many and diverse people, the existing guidelines do not
address obstacles known to interfere with socially responsible applications
or widespread interest and access. These limitations of the current imple-
mentation plans will, we think, make achievement of “science for all
Amerjcans” difficult ?

Leading With Key Concepts and Practicing Science

Although all three proposals are guided by a broad vision of -.ientific
literacy, the means set forth for achieving literacy in school arc aarrow,
Students’ knowledge of key scientific concepts is established as rhe most
important outcome of science education reform, and opportunities to
engage in the practices of “real scientists” are considered the means to that
end.

A closer look at the proposals reveals that they all consist largely of
discussions of the key concepts and methods that students should know.
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Almost all of SFAA is devoted to descriptions of the “essential content” that
students should understand and to ways of thinking about the nature of
science, mathematics, and technology. The key content includes the physi-
cal setting (aspects of both physics and earth science), the living environ-
ment (life sciences/biology), the human organism (biology), the human
society (social sciences), the designed world (engineering and technology),
and the mathematical world. Within each category, the “big ideas” and the
skills thought to have the greatest scientific significance— for example,
natural selection, relativity, and plate tectonics—- are stressed, and cross-
cutting or unifying themes are suggested.

With the publication of Benchmarks fur Scientific Literacy (AAAS, 1993),
AAAS moved into the forefront of national science education reform efforts.
Based on SFAA, the benchmarks set “threshold guidelines” for science
content by grade level (ie., standurds that define the minimum content that
all students should know at specific grade levels). Benchmarks has become
a popular and widely distributed document. It is already being used by many
states as 4 guide for their own science standards (Culotta, 1994).

In Benchmerks, specific coneepts are organized by Grades 2, 8, 8, and
12, and the content guidelines tuke very spedific form. One, for example,
reads: After the fifth grade, students should know that “Unlike human
beings, behuavior in insects and many other species is determined almost
entirely by biclogical inheritance,” and, after the 12th grade, students shoutd
recognize that “the similurity of human DNA sequences and the resulting
similarity in cell chemistry and anatomy identify human beings as a single
species” (AAAS, 1993, p. 130).

The NSTA and NSES guidelines are similar. For example, according to
NSTA: After completing physical science in Grades 6 to 8, students should
have observed “the properties of different substances.. [including)...color
change, temperature change, production of gas or precipitate...land] conduc-
tivity, acid/base [properties]...and relative solubility” (NSTA, 1992, pp. 53~57).
NSES includes statements such as: “As a result of activity in grades K-4, all
students should develop an understanding of: properties of objects and
materials. " (NRC, 1994, p. V-22). By Grade 8 students should “develop an
understanding of: properties and changes of properties in matter...” (p. V-76),
and by Grade 12 “all students should develop an understanding of: The
structure of atoms [and the] structure and properties of matter..."(p. V-130).

In addition to specifying the content with which students should be
acquainted, these reform documents also include descriptions of pedagogi-
cal practices for teachers. Preferred teaching practices are those consistent
with the nature of established scientific inquiry and the practices of actual
scienusts, including: providing oppertunities to “answer the questions of
science...by allowing [students] to propose and pursue the ideas, concepts
and information” (NSTA, 1992, pp. 15-16); exposing students to the kinds
of thought and action typical of science disciplines (Rutherford & Ahlgren,
1990, p. 188); and preparing “lessons, with an emphasis on hands-on
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activities,” such as those performed by practicing scientists (NSTA, 1992,
p. 15). NSES, which goes considerably farther than the other two documents
by defining science teaching (as well as content) standards, also emphasizes
an inquiry-based approach on the model of practicing scientists. For ex-
ample, “Student inquiry in the science classroom ranges from engagement
in concrete activities that provide a basis for observation, data collection,
reflection, and analysis to inquiry within a realm of abstractions and theories.
To promote inquiry, teachers ask divergent questions. Inquiry might focus
on laboratory science and experimentation or on observation and analysis
of events in nature; it can also include the use of literature or other media”
(p. 11-10).

However, specific outcome indicators or teaching strategies to develop
students who can use science for “personal and social purposes” (Rutherford
& Ahlgren, 1990, p. x), who can act in “socially responsible ways” (NRC,
1994, p. I-1), or who can overcome known obstacles that "exacerbate the
differences in opportunities to learn that currently exist berween advantaged
and disadvantaged students” (NRC, 1994, p. I-7) are not included in these
reform documents. The authors of these proposals seem to assume that
producing citizens who can use science responsibly and including more
people in science will naturally follow fron teaching  dearly defined set of
scientific principles and giving students opportunities to experience “real”
science. Schools and teachers are to be held accountable for knowledge but
not for its situasted or future use,

Thus, while these documents suggest improvements to older forms of
science education in which students were required o memorize isolated
science facts, the suggested changes remain conservative, While the focus
of science instruction may be altered from a set of isolated facts to a set of
“key concepts,” and from simplified exercises with predetermined outcomes
to the practices of real scientists, science learning and instruction remin
focused on the development of scientific knowledge and on the methods
and habits of mind used by research scientists. Thus, the “leading goal"—
the endpoint that actually serves to organize and direct plans for school
reform—remains virtually unchanged: to produce more people with better
knowledge of key concepts and prepared to act like “real” scientists. While
the authors of these reform proposals offer slightly different approaches to
pursuing this endpoint, they do not challenge the endpoint itself.

What's Wrong With This Picture?

We are not convinced that the broad vision of scientific literac, can or
should be pursued in the ways set forth in the AAAS, NSTA, and NRC
proposals. We disagree with the implicit assumption in the proposals that
teaching students key concepts and scientific methods of inquiry will
necessarily lead to socially responsible use or to a larger and more diverse
citizenry who participate in discussion and debate of scientific issues.
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Impedimenis to Socially Responsible Science Use

One reason for our concern is that no clear conceptual connections,
strategies to achieve, or empirical support are offered to suggest how
knowledge of science content and methods might lead to its use in socially
responsible ways; the link is merely assumed. In fact, recent research based
in activity theory suggests that no such automatic link should be expected.
Studies of speech practices inside and outside of schools indicate that the
practices of learning ro talk, act, and think in terms of academic science may
discourage socially hélpful and responsible uses of science beyond the
classroom walls.

Norris Minick, for example, suggests that a fundamental feature of
Western schooling is the inculcation of speech practices that privilege
existing forms of scientific rationality (1993). He argues that such speech
practices serve to divorce everyday, situational concerns and commitments
from successful school science.

James Wertsch (1991) provides a good illustration of how the tradition
of school science discourse differs from the less literal, more situationally
sensitive discourse of kindergartners. Wertsch presents the example of a
little boy, Danny, who has brought a picce of lava to share at his class’s show
and telt 7 = teacher, C1 = Danny, C2, €3, cte. = ather students).

T: Danny, please come up here with what you have, (C1, with o
pivee of v in his hand, approaches 7).

C3addressed to Gy Where did you get it

Cl: From my mom. My mom went to the voleano and gou i

10 And you know what? You were with her

Cl: No I wasn'.

T: Yes. You may have forgotten. [ think you were just a little guy and
you were sieeping. [Your] Mommy just told the story in the office that
you were sleeping the day you wentto Mount Vesuviusg to get this luva
rock....Is there anything you want to tell about itz...

C1: I've always been...taking care of it.

T: Uh hum.

Cl: It's never fallen down and broken.

T. Uh hum. Okay. Is it rough or smooth?

C1: Real rough...and it's sharp....

T: Is it heavy or light?

C1: It's heavy.

Wertsch's point'is that there is a difference between the way that Danny
and the teacher describe the rock. Danny describes it:

from the perspective of how the piece of lava is related to his
individual life history..and the personal characteristics of being
careful and responsible....in Bourdieu’s terminology, ... [Danny’s de-
scription: “It's never fallen down and broken”] is in the “practical
schemes of classification, which are always..linked to practical
contexts.”
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The teacher describes it from her perspective ["rough or smooth?" “heavy or
tight?”], which is grounded in what Bourdiceu identifies as “explicit, standard-
ized taxonomies...” (p. 115). Wertsch goes on to explain that the way this
teacher and others organize their clussrooms is grounded in practices that
privilege one speech genre, in this case a scientific one, for describing
objects and events (p. 116). Although the teacher seems sensitive 1o the
importance of students’ personal experiences (“And you know what’ You
were with her..."), her attempts to bring student talk and thinking into
accord with established practice lead her to write over students' situated
discourse with the discourse of scientific rationality. In order to perform the
task correctly (describing the piece of lava), the students must suspend their
personal experiences of the object and adopt a form of scientific discourse
that ignores their knowledge of situational factors, social conventions,
human interests, and others’ motives (see also Minick, 1993, p. 350).
Valerie Walkerdine, in her study of the development of mathematical
concepts by kindergariners (1988), further demonstrates that success in
school work depends on children's ability to suspend their knowledge of
reality outside of school. In Walkerdine’s examples, we see the emerging
differentiation of one speech genre for school from another for the home,

The difference in speech genres inside and outside of school is
illustrated when the young students were asked 1o manipulate quantities in
a school exercise—going shopping—that is intended to be familiar to them
(Chapter 7). In this cuse, the amounts of money the children are asked o
work with were much smaller than what they knew o be the actual cost of
the items they were asked to buy in the exercise. Thus, 1o behave appro-
priately in this school tusk, the children had to suspend what they knew
about money and shopping outside of the school.

The long-term outcome of this kind of separation is strikingly demon-
strated in @ study by Roger Sidljo and Jan Wyndhamn of two groups of
15- and 16-year old Swedish students who were asked to determine how
much it would cost to mail a letter which weighed between rwo amounts
on a published postage rate table (1993). One group were students in a
mathematics class; the second were students in a social studies class. Salj6
and Wyndhamn found that, when the problem was presented in mathemat-
ics, students tended to solve it using a linear mathematical relationship and
thus produced an answer in an amount between those listed on the rate
table. When the problem was presented in social studies, students solved it
by selecting the amount listed for the next highest weight. The authors write-

But the conclusions drawn are not simply about the power of contex:

...a more accurale account of what the actions imply is that they o not

merely reflect contextual definitions of appropriate modes of han-

dling the problem. Rather, the participants construe wider contexts in

terms of which their solutions...appear rational, (p. 336)
The students’ written comments on the problems indicated that what they
constdered “rational” or “fair” differed by reference to e wider contexts.
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In mathematics (when the problem was construed in the world of mathemat-
ics), a “rational” response was to find it “unfair" that letters of different
amounts would cost the same to send—hence, the motivation 1o calculate
a reduced rate based on a linear algorithm. In contrast, in social studies
(when the problem was construed in the context of everyday life), the
arbitrariness of the postage rate system was taken for granted, and “fairness”
was not an issue. In this example, the potentially counterhegemonic prin-
ciple of equality, learned in the course of school mathematics—and by
which the students might legitimately have cbjected to the postal service
convention and tried 1o change it—is not viewed by most of them as relevant
o the world of their everyday practices.

Finally, in a study of engineering education at a large research univer-
sity, Gary Downey and his colleagues suggest how students concerned
about societal needs are either weeded out or changed by the program
(Downey, Hegg, & Lucena, 1993). The authors write:

For studeats who stay, interacting with the [engineering]
curriculum...disciplines all to ask not “What kinds of new designs does
society need?” but “What kinds of technical problems do 1 want to
solve?” In accepting engineering problem solving as the pathway o
good design, while accumulating stories of others who “couldn’t hack
it and were weeded out,” engineering students also learn to take
problems for granted and to confine their atientions to finding
solutions, (Downey ctal, 1993 p. 8)

From the perspective of this body of research, attempts to make
knowledge of key concepts or opportunitics 1o practice “real scienee” the
first priority for school science are not likely (alone) to increase the chances
that students will want or be able to use academic science in their lives
heyond the school. Pressures to conform to established practice—be it the
discourse of science or the conventions of school—work against a stmple
translation from knowledge of content to social or personal use. This body
of research discredits the assumption—seemingly pervasive in current
reform proposals intended to increase scientific literacy—that socially re-
sponsible uses of science will follow from knowledge of key concepts and
the practice of scientists as presented in schools.

Barriers to Access and Participation

Another limitation of the current reform proposals is that relatively little
notice is given to the social or cultural constituents of school success that
are known to block or discourage participation by more and different people
in science. While some have addressed the treatment of girls and minorities
in classrcoms (e. g.. Sadker & Sadker, 1994) and the development of
“culturally relevant” curriculum units (e. g., Addison-Wesley, 1993, Bonta,
1991: Sertima, 1990), we begin with a more fundamental problem that few
have taken seriously: students’ lack of interest in the academic aspects of
school (see also Lave, 1990).
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