STS Education: International Perspectives on Reform
Published by Teachers College Press (New York) 1994
Joan Solomon and Glen Aikenhead (Editors)
Four chapters written by Glen Aikenhead

Chapter 2.

The Social Contract of Science: Implication for Teaching Science
Pages 2 – 13

Chapter 5.

What is STS Science Teaching?
Pages 14 – 25

Chapter 16.

Consequences to Learning Science Through STS: A Research Perspective
Pages 25 – 37

Chapter 20.

Collaborative Research & Development to Produce an STS Course for School Science
Pages 38 – 54

References.

(for all chapters in the book)
Pages 55 – 76

Chapter 2
The Social Contract of Science: Implications for Teaching Science
Glen Aikenhead

In his 1939 book, The Saber-Tooth Curriculum, Harold Benjamin sketched a parable of stagnate
curriculum reform. Let me quote a synopsis:
Three fundamentals marked the first educational curriculum: (1) catching fish with the bare hands,
(2) clubbing tiny horses to death, and (3) frightening saber-toothed tigers with torches.
By studying those three subjects in their "schools" the stone-age people got along fairly well until
there came a changed condition caused by the movement of ice from the north, the forerunner of the ice
age.
The streams became muddied and fish could not be seen to catch with the bare hands, so someone
invented the net, made of vines. The tiny horses fled and the antelope replaced them. The stone-agers
invented antelope snares. The saber-toothed tigers died of pneumonia, but the big ice bear replaced them,
and the stone-age men dug pits to trap them. So net-making, twisting antelope snares and digging bear pits
became the three essentials of life.
But the schools continued to teach fish-catching with the hands, horse-clubbing, and tiger-scaring
because they had taught them for years. Some "liberal" wanted to teach net-making, snare-making, and pitdigging but he was met with opposition. Some even wanted to do away entirely with the old subjects, but
they aroused a storm and were called radicals.
The old subjects must be retained for their "cultural value," the school people contended. The
proposed new subjects had no place in the curriculum.
The conservatives said: "Training to catch non-existent fish with bare hands is the best way to
achieve muscular coordination and agility; training in clubbing horses that do not exist is an education in
stealth and ingenuity; practising to frighten tigers that do not exist develops courage. Some things are
fundamental and sacred in education and must not be changed." (Benjamin, 1948, pp. 53-54)
This chapter develops the argument that the high school science curriculum, as normally taught
today, is a saber-tooth curriculum. Because the curriculum was established in the 19th century, and

although times have changed dramatically, the fundamental and sacred aspects of the 19th century science
curriculum remain with us today.
The argument proceeds in two interconnected parts. The first part traces the evolution of science
from its status as "natural philosophy" in renaissance society to its modern status in the 1990s. The
evolution of science demonstrates how social events have shaped the very nature of science itself. This
historical analysis establishes a framework for the second part of the argument which demonstrates how
social events over the last three decades will likely reshape the high school science curriculum. The
argument concludes that a science-technology-society (STS) science curriculum will replace the saber-tooth
curriculum, for the same reason that over a hundred years ago science replaced natural philosophy.
The historical analysis explaining the evolution of science draws heavily upon a series of lectures
given by Everett Mendelsohn (1975a, b, c, 1976), professor of history of science at Harvard University.
This historical analysis of science provides new insights into today's high school science curriculum. The
analysis gives a context for understanding why science teachers tend to teach as they do, why educators are
calling for a change in this teaching, and why an STS curriculum is the natural focus for such a change.

The Evolution of Science
Over the past five hundred years, historical events have helped to shape the very nature of science
itself (Cohen, 1960; Dampier, 1948; Elkana & Mendelsohn, 1981; Mendelsohn, 1975a, b, c, 1976;
Middleton, 1963). Three instances will be examined:
1. How the social context of 17th century Europe, dominated by the Counter-Reformation,
gave birth to the institutionalization of natural philosophy (the "science" at that time);
2. How the social context of 19th century Europe, dominated by the Industrial Revolution,
precipitated the professionalization of science (when the term "science" came into common
use);
3. How the social context of the 20th century, dominated by World War II, molded the
socialization of science (the "science" of our everyday world today).
These three episodes caused mutations to science's fundamental characteristics. These critical episodes will
be examined, one at a time, to see how they guided the evolution of science and how they profoundly altered
science's social contract with society.

Our story begins with the Renaissance, a time when Aristotle's philosophy of the world governed
people's conceptions of matter, motion, and the heavens. Some scholars added incrementally to Aristotle's
intellectual heritage; for example, Bernard Sylvester (12th century), Roger Bacon (13th century), Nicole
Oresme (14th century), Leonardo da Vinci (15th century), Copernicus (16th century), and finally, Johannes
Kepler and Galileo Galilei (early 17th century). Their individual efforts began to define a new type of
philosophy -- natural philosophy. Natural philosophy rejected authority based on scripture and old
philosophers, in favor of authority based on one's empirical experience with nature.
The renaissance explorers of nature (da Vinci, Kepler, Copernicus, etc.) were unimpeded by any
social contract with their society. They were only hobbyists enjoying intellectual diversion. Their musings
were not seen initially as interfering with traditional philosophy. As the 17th century approached, however,
the political climate changed. The Reformation led to the Counter-Reformation. A social contract would
have to be negotiated between natural philosophy and society.

The Institutionalization of "Science"
During the first half of the 17th century, a number of natural philosophers worked towards
organizing themselves into a politically acceptable public enterprise. Leaders in this effort included
Mersenne, Descartes, Bacon, Huygens, Boyle, and Hooke. In 1662, British natural philosophers were
formally incorporated into The Royal Society. They were followed in 1666 by the French natural
philosophers who formed the Academie de Science in Paris. What content did they include in their new
type of knowledge? What content did they leave out? What were the social forces at the time? How did
these forces determine what would be included, and what would be excluded?
First, let us examine the social forces. Seventeenth century Europe was a time of insecurity and
anxiety. People were coping with the Counter-Reformation, wars, fires, and epidemics. It was a period of
instability -- social, intellectual, and political instability. Traditional sources of authority had been
undermined. Natural philosophers of earlier generations had contributed to this revolution. Some had been
condemned. Some had even been burned.
In 1660, however, a new social order was in place. Cromwell's rule had ended in England. The
church and crown were reestablished. World exploration and colonialization had given rise to a new
mercantile middle class.

What did natural philosophers offer this new society in return for allowing the natural philosophers
to institutionalize their new way of thinking? What compromises did the natural philosophers have to
make?
The promise that natural philosophy offered society is best summarized by Francis Bacon when he
wrote about three kinds of ambition. The third and most noble ambition was for man "to establish and
extend the power and dominion of the human race over the universe. ... We cannot command nature except
by obeying her and understanding her" (quoted in Mendelsohn, 1975c, p. 9). In short, knowledge is power!
"Scientia est potentia." Not only is knowledge power, but within the domain of Christendom, with its
Judao-Christian ethic, you could exploit nature with a mood of indifference to the feelings of natural objects.
Therefore, natural philosophers offered 17th century society three gifts: (1) a new way of knowing
characterized by a new type of authority, an authority based on observation and rationalism, and not on
scriptures and social position; (2) the goal and ability to achieve power and dominion over nature, and (3)
a mood of indifference towards any responsibility to nature or to those who might be affected by the new
rational knowledge.
But there was a compromise. In order to establish a niche in society, natural philosophers had to
make peace with the newly established religious and secular authorities. The compromise was clear.
Natural philosophers would avoid discussing religion, politics, and morals. These topics would be
excluded, along with subjectivity and arational thinking. The public face of The Royal Society was
therefore established. The social contract of natural philosophy was finalized: natural philosophy would
deal only with objective rational knowledge acquired through direct experience with nature, and in return,
natural philosophy would provide other social institutions with power and dominion over nature.
Mendelsohn (1975b) calls it the positivist compromise.
Natural philosophy, as a social institution, was established across Europe. Its social contract with
17th century society kept natural philosophy out of trouble with the new authorities. Moreover, natural
philosophy provided a new middle class with useful, practical knowledge which carried no moral
responsibility. To be sure, discussions about moral responsibility were defined by the social contract to be
beyond the scope of natural philosophy. In short, the precursor to science had been declared objective and
value free, because its political survival depended on it.
The social and historical events of the 17th century helped to shape the characteristics and
limitations of what we call science today. In the meantime, other historical events would reshape the nature
of science.

The Professionalization of "Science"
The 17th and 18th centuries saw natural philosophers gain power and dominion over nature. By the
end of the 18th century, their successful techniques and knowledge were redirected by others -technologists -- towards power and dominion over human productivity itself. This gave rise to the Industrial
Revolution and gave new power to the social institution of technology. Technology became so successful
that it challenged the social niche that natural philosophy had gained 200 years earlier. Industrialists saw
natural philosophy as the handmaiden of technology. Natural philosophers would have none of it.
They reacted to the attempted subordination in several ways: by retreating into the cloisters of the
universities, by calling themselves "scientists" (to distinguish themselves from natural philosophers), by
creating a public face of "pure science," by isolating themselves from the "vulgarities of practical
knowledge," and by establishing a tight rein over who would have access to becoming a scientist and what
standards would apply. Natural philosophy had evolved into a profession.
The Industrial Revolution caused natural philosophy to redefine its boundaries and to renegotiate its
mission in society. By redefining its boundaries, what did science include? What did it exclude?
Science focused its efforts on intellectual curiosity and knowledge for knowledge sake, a marked
departure from its Baconian tradition of practical knowledge. Moreover, science distanced itself further
from value-laden discourse, from the consumers of its knowledge, and from social responsibility. Science
eschewed its technological and social connections.
Scientists established a self-serving hierarchical position by defining technology as "applied
science." The misconception continues to plague technology and science education today (Collingridge,
1989; Fleming, 1989; McGinn, 1991; Snow, 1987).
By 1860, a reshaped domain of knowledge had been constituted. Biology, chemistry, geology, and
physics were enshrined as disciplines when they became new administrative units within the university.
Natural philosophy had become professionalized science.
Coincidentally, the high school science curriculum was being introduced into public schools for the
first time. The university's administrative model for science was copied by the high schools. Biology,
chemistry, geology, and physics became the only valid ways to view nature. Like 19th century science,
high school science eschewed practical knowledge and ignored values and social relevance.

A conclusion seems warranted. Similar to science itself, the high school science curriculum was
shaped by the social forces that existed at the time of its inception. This happened to the high school
curriculum when science was retreating into the universities to protect itself from a take-over bid by
technology.

As a consequence, the legitimacy of school science was defined by the 19th century

professionalization of university science, and the purpose of school science was to prepare students for
university science.

The Socialization of Science
The 20th century brought a host of new social forces. World War II likely reshaped science more
than any other single historical event. World War II ensured the marriage of aloof scientific expertise with
life-or-death practical problems of technology. This unlikely marriage irrevocably bound science and
technology into a strong social unit called research and development (R & D). This marriage necessitated
a new social contract between science and society.
The transformation of science during World War II is epitomized by one of the most dramatic events
that occurred: the production and deployment of the atomic bomb. It was a corner around which humanity
turned. Science constructed the corner and guided humanity around it. The splendid isolation, which
scientists by and large enjoyed since the 19th century, was evaporated by a mushroom shaped cloud.
By the end of World War II, "small science" had become "big science" (Price, 1963). Big science
had profound implications. It meant big budgets; large partnerships with government, industry, and the
military; and a narrowed gap between "pure" and "applied" science. Big science meant the creation of
national wealth and military superiority. As a result, scientific knowledge today has political currency on
two levels: (1) internationally where it is traded in the diplomatic halls of foreign policy (Dickson, 1984),
and (2) nationally where it sustains the dominant socio-economic intrastructure of that society (McGinn,
1991). For instance, governments support R & D in order to maintain that country's competitive edge in
the world market place (Ziman, 1984).
Government, industry, and the military have become the dominant patrons of scientific activity.
Science of the 1990s occurs in an interactive world of politics, economics, and war. Only a small minority
of academic scientists undertake pure research. Even these scientists are mindful, however, of the political
lobbying required to obtain funds. One conclusion seems inescapable: the social significance of scientific
knowledge now takes on a new 20th century reality.

While World War II was having an impact on the interactions between science and society, a new
academic discipline emerged -- the sociology of science (Layton, chapter 4; Ziman, 1984). Anthropological
studies into the social construction of scientific knowledge (for example, Latour and Woolgar, 1979)
described two types of science: "public science" and "private science" (Holton, 1978). Public science is
the science reported in journals, at conferences, and in textbooks. Private science, on the other hand, is
what actually occurs in labs. It is recorded in personal notebooks, conversations, e-mail, and letters. What
did the anthropologists discover about scientists? In contrast to the public face of science -- that objective,
rational, open-minded, free communication, and honest face, which we recall was established in response
to the social demands of a 17th century Europe -- private science was found to harbor subjectivity, arational
thought, closed-mindedness, secrecy, and behavior less than honest (Gauld, 1982).
Today we recognize two social contexts of science; an external context in which science interacts
with technology, economics, politics, law, ethics, and other facets of society; and an internal context in
which historical and social dynamics mediate the production of knowledge (Rosenthall, 1989; Ziman,
1984).
Science still strives for power and dominion over nature, but in the new context of research and
development where technology, values, and social responsibility play an increasingly important role
(Mendelsohn, 1976). Thus, a new social contract between science and society seeks a balance between, on
the one hand, power and dominion over nature, including economic well being, and on the other hand,
stewardship of the earth and quality of life.

Summary
Science today differs dramatically from the "science" of 1660 and 1860. Each stage in the evolution
of science has been shaped and reshaped by social forces, both external and internal to science. This is
schematically represented in Figure 2.1 by the arrows between "social forces" and "science." The social
forces of 1600 gave birth to the institutionalization of science (box I). The social forces of 1800 precipitated
the professionalization of science (box P). And lastly, the social forces of the 20th century molded the
socialization of science (box S).
_______________________________________
Figure 2.1 fits here
_______________________________________

Figure 2.1 serves as a framework for the next section. The argument turns to the social forces of
the last three decades, and the consequence of those social forces in reshaping the high school science
curriculum.

The High School Science Curriculum
As described above, the social context of 17th century Europe shaped the institutionalization of
science. Similarly the social context of the 19th century shaped the fundamental tenets of the high school
science curriculum. Figure 2.1 depicts this influence by the arrow from box P (the professionalization of
science) to triangle I/P (the institutionalization and professionalization of the high school science
curriculum). Figure 2.1 provides a framework with which we can understand current practices and
anticipate future changes.
What can we understand about the science curriculum given its 19th century origins? We can now
recognize why today's curriculum includes pure abstractions that demonstrate the aesthetic unity of the
disciplines, and why practical knowledge and social concerns are all but excluded. We can now see why
the curriculum portrays science as a purely rational and objective inquiry into absolute knowledge. We can
now recognize this portrayal as the public facade of 19th century science. We can also appreciate how the
social upheavals of the 17th and 19th centuries shaped this facade.
Moreover, we can now recognize that this facade of school science -- 19th century academic
idealism -- is inconsistent with the realities of post World War II science. In other words, school science is
seriously out of date. Like the saber-tooth curriculum, the school science curriculum embraces outmoded
content and values. No wonder we hear the criticism that school science is sterile, false and boring (Science
Council of Canada, 1984).
Several serious attempts have been made to modify the high school curriculum in North America
over the past 50 years (Hurd, 1986). Educators have tried to replace the curriculum's 19th century academic
isolationism with a 20th century authenticity that reflects the humanization/socialization that science itself
has undergone. But every attempt has failed (Hurd, 1986). Those "conservatives" (as Benjamin called
them) with vested interests in the saber-tooth curriculum possessed greater political power than the
"liberals" who tried to implement an up-to-date curriculum.
Nevertheless we have reason to be optimistic about the latest struggle to modify the science
curriculum.

During the past three decades a number of new social forces have become evident.

Synergetically they may cause the extinction of the saber-tooth curriculum.

John Ziman explains in chapter 3 that student motivation in the sciences has decreased, as evidenced
by a depletion in enrollment and an apparent attrition in academic achievement. Research tends to show
that school science actually discourages imaginative and creative students, particularly women and
minorities, from entering the profession (Bondi, 1985; Majumdar, Rosenfeld, Rubba, Miller and Schmalz,
1991; Oxford University, 1989). School science, therefore, undermines the development of future scientists
and engineers. This is evident in the United States with its nation-at-risk crisis, in which the decline in both
enrollment and student capabilities threatens to compromise that nation's place in the competitive market
of our global village (Hurd, 1989; Majumdar et al., 1991). Industry and labor support science and
technology education in order to maintain a sound economy (Bondi, 1985; De Vore, 1992).
The environmental movement has raised the public's consciousness concerning the stewardship of
the earth. In ubiquitous conflicts between corporate profits and environmental agendas, scientists have been
seen to participate on all sides of an issue (Globe & Mail, 1983; Jacobson, 1983). As a consequence, the
attentive public has changed its perception of science from an image of objective isolation to one with social
agendas.
Furthermore, two new academic fields have articulated the social nature of science. The social
studies of science field explores the internal sociology of science, while the science policy studies field
concentrates on social issues external, but related to science (Spiegel-Rösing, 1977). For instance, David
Layton in chapter 4 discusses the social studies of science and how the "Social Responsibility in Science"
movement activated STS programs at universities and colleges. In chapter 5, I show how the two fields
help define STS teaching.
Concomitantly, a "science-for-all" education movement has surfaced in many countries (Fensham,
1992). The science-for-all impetus in Canada, for instance, took the unusual form of a national science
education policy calling for a socially relevant science curriculum (Science Council of Canada, 1984). A
science-for-all education contrasts with an elitist view of education -- science for the few. Joan Solomon
traced the historical roots of this contrast in chapter 1. "The few" refers to students who prepare for, and
survive, the university screening mechanism that artificially selects students who look very similar to the
very academic scientists who sustain that screening mechanism (Tobias, 1990).
Practical capability (Harrison, 1980; Layton, 1991) is the most recent social issue to challenge
science education, as described by David Layton in chapter 4. Today's pressure to synthesize science and
technology education is not unlike the earlier 20th century pressure that merged science and technology
into the institution we call research and development (R & D).

In summary, the past three decades have witnessed the emergence of substantial social forces: (1)
a pervasive decline in the interest and understanding of science; (2) an awakening recognition of science as
a human, social, and technological endeavor; (3) an egalitarian movement in public education; and (4) a
proposal to synthesize science and technology education. Each country has its own unique set of social
forces that impinge upon its 19th century school science curriculum. Many countries are beginning to
change their traditional science curriculum.
When designing a new curriculum, countries share a common trend towards teaching science
embedded in technological and social contexts familiar to students (Bybee, 1985a; Eijkelhof and Kortland,
1988; Fensham, 1992; Hofstein, Aikenhead and Riquarts, 1988;

National Science Teachers Association,

1982; Piel, 1981; Ziman, 1980). This new curriculum movement advocates teaching science in a sciencetechnology-society (STS) approach. An STS science curriculum conveys to students an image of science
that honestly reflects science's social character -- the 20th century socialization of science.
This new curriculum is depicted in Figure 2.1 by the "STS" triangle. The socialization of science
(box S) constitutes a pervasive pressure on today's school science curriculum. The arrow between box S
and triangle STS represents this pressure. The triangle has broken lines, indicating a tentative status. Will
the social forces of the past three decades, including the social nature of science itself, establish a
"socialized" science curriculum -- an STS science curriculum? How much longer can 19th century school
science masquerade as legitimate science?
Reform has already begun as evidenced by the successful initiatives discussed throughout this book.
STS science educators are closing the gap between 19th century school science and 20th century authentic
science.

Chapter 2
The Social Contract of Science: Implications for Teaching Science
Glen Aikenhead

In his 1939 book, The Saber-Tooth Curriculum, Harold Benjamin sketched a parable of stagnate
curriculum reform. Let me quote a synopsis:
Three fundamentals marked the first educational curriculum: (1) catching fish with the bare hands,
(2) clubbing tiny horses to death, and (3) frightening saber-toothed tigers with torches.
By studying those three subjects in their "schools" the stone-age people got along fairly well until
there came a changed condition caused by the movement of ice from the north, the forerunner of the ice
age.
The streams became muddied and fish could not be seen to catch with the bare hands, so someone
invented the net, made of vines. The tiny horses fled and the antelope replaced them. The stone-agers
invented antelope snares. The saber-toothed tigers died of pneumonia, but the big ice bear replaced them,
and the stone-age men dug pits to trap them. So net-making, twisting antelope snares and digging bear pits
became the three essentials of life.
But the schools continued to teach fish-catching with the hands, horse-clubbing, and tiger-scaring
because they had taught them for years. Some "liberal" wanted to teach net-making, snare-making, and pitdigging but he was met with opposition. Some even wanted to do away entirely with the old subjects, but
they aroused a storm and were called radicals.
The old subjects must be retained for their "cultural value," the school people contended. The
proposed new subjects had no place in the curriculum.
The conservatives said: "Training to catch non-existent fish with bare hands is the best way to
achieve muscular coordination and agility; training in clubbing horses that do not exist is an education in
stealth and ingenuity; practising to frighten tigers that do not exist develops courage. Some things are
fundamental and sacred in education and must not be changed." (Benjamin, 1948, pp. 53-54)
This chapter develops the argument that the high school science curriculum, as normally taught
today, is a saber-tooth curriculum. Because the curriculum was established in the 19th century, and

although times have changed dramatically, the fundamental and sacred aspects of the 19th century science
curriculum remain with us today.
The argument proceeds in two interconnected parts. The first part traces the evolution of science
from its status as "natural philosophy" in renaissance society to its modern status in the 1990s. The
evolution of science demonstrates how social events have shaped the very nature of science itself. This
historical analysis establishes a framework for the second part of the argument which demonstrates how
social events over the last three decades will likely reshape the high school science curriculum. The
argument concludes that a science-technology-society (STS) science curriculum will replace the saber-tooth
curriculum, for the same reason that over a hundred years ago science replaced natural philosophy.
The historical analysis explaining the evolution of science draws heavily upon a series of lectures
given by Everett Mendelsohn (1975a, b, c, 1976), professor of history of science at Harvard University.
This historical analysis of science provides new insights into today's high school science curriculum. The
analysis gives a context for understanding why science teachers tend to teach as they do, why educators are
calling for a change in this teaching, and why an STS curriculum is the natural focus for such a change.

The Evolution of Science
Over the past five hundred years, historical events have helped to shape the very nature of science
itself (Cohen, 1960; Dampier, 1948; Elkana & Mendelsohn, 1981; Mendelsohn, 1975a, b, c, 1976;
Middleton, 1963). Three instances will be examined:
1. How the social context of 17th century Europe, dominated by the Counter-Reformation,
gave birth to the institutionalization of natural philosophy (the "science" at that time);
2. How the social context of 19th century Europe, dominated by the Industrial Revolution,
precipitated the professionalization of science (when the term "science" came into common
use);
3. How the social context of the 20th century, dominated by World War II, molded the
socialization of science (the "science" of our everyday world today).
These three episodes caused mutations to science's fundamental characteristics. These critical episodes will
be examined, one at a time, to see how they guided the evolution of science and how they profoundly altered
science's social contract with society.

Our story begins with the Renaissance, a time when Aristotle's philosophy of the world governed
people's conceptions of matter, motion, and the heavens. Some scholars added incrementally to Aristotle's
intellectual heritage; for example, Bernard Sylvester (12th century), Roger Bacon (13th century), Nicole
Oresme (14th century), Leonardo da Vinci (15th century), Copernicus (16th century), and finally, Johannes
Kepler and Galileo Galilei (early 17th century). Their individual efforts began to define a new type of
philosophy -- natural philosophy. Natural philosophy rejected authority based on scripture and old
philosophers, in favor of authority based on one's empirical experience with nature.
The renaissance explorers of nature (da Vinci, Kepler, Copernicus, etc.) were unimpeded by any
social contract with their society. They were only hobbyists enjoying intellectual diversion. Their musings
were not seen initially as interfering with traditional philosophy. As the 17th century approached, however,
the political climate changed. The Reformation led to the Counter-Reformation. A social contract would
have to be negotiated between natural philosophy and society.

The Institutionalization of "Science"
During the first half of the 17th century, a number of natural philosophers worked towards
organizing themselves into a politically acceptable public enterprise. Leaders in this effort included
Mersenne, Descartes, Bacon, Huygens, Boyle, and Hooke. In 1662, British natural philosophers were
formally incorporated into The Royal Society. They were followed in 1666 by the French natural
philosophers who formed the Academie de Science in Paris. What content did they include in their new
type of knowledge? What content did they leave out? What were the social forces at the time? How did
these forces determine what would be included, and what would be excluded?
First, let us examine the social forces. Seventeenth century Europe was a time of insecurity and
anxiety. People were coping with the Counter-Reformation, wars, fires, and epidemics. It was a period of
instability -- social, intellectual, and political instability. Traditional sources of authority had been
undermined. Natural philosophers of earlier generations had contributed to this revolution. Some had been
condemned. Some had even been burned.
In 1660, however, a new social order was in place. Cromwell's rule had ended in England. The
church and crown were reestablished. World exploration and colonialization had given rise to a new
mercantile middle class.

What did natural philosophers offer this new society in return for allowing the natural philosophers
to institutionalize their new way of thinking? What compromises did the natural philosophers have to
make?
The promise that natural philosophy offered society is best summarized by Francis Bacon when he
wrote about three kinds of ambition. The third and most noble ambition was for man "to establish and
extend the power and dominion of the human race over the universe. ... We cannot command nature except
by obeying her and understanding her" (quoted in Mendelsohn, 1975c, p. 9). In short, knowledge is power!
"Scientia est potentia." Not only is knowledge power, but within the domain of Christendom, with its
Judao-Christian ethic, you could exploit nature with a mood of indifference to the feelings of natural objects.
Therefore, natural philosophers offered 17th century society three gifts: (1) a new way of knowing
characterized by a new type of authority, an authority based on observation and rationalism, and not on
scriptures and social position; (2) the goal and ability to achieve power and dominion over nature, and (3)
a mood of indifference towards any responsibility to nature or to those who might be affected by the new
rational knowledge.
But there was a compromise. In order to establish a niche in society, natural philosophers had to
make peace with the newly established religious and secular authorities. The compromise was clear.
Natural philosophers would avoid discussing religion, politics, and morals. These topics would be
excluded, along with subjectivity and arational thinking. The public face of The Royal Society was
therefore established. The social contract of natural philosophy was finalized: natural philosophy would
deal only with objective rational knowledge acquired through direct experience with nature, and in return,
natural philosophy would provide other social institutions with power and dominion over nature.
Mendelsohn (1975b) calls it the positivist compromise.
Natural philosophy, as a social institution, was established across Europe. Its social contract with
17th century society kept natural philosophy out of trouble with the new authorities. Moreover, natural
philosophy provided a new middle class with useful, practical knowledge which carried no moral
responsibility. To be sure, discussions about moral responsibility were defined by the social contract to be
beyond the scope of natural philosophy. In short, the precursor to science had been declared objective and
value free, because its political survival depended on it.
The social and historical events of the 17th century helped to shape the characteristics and
limitations of what we call science today. In the meantime, other historical events would reshape the nature
of science.

The Professionalization of "Science"
The 17th and 18th centuries saw natural philosophers gain power and dominion over nature. By the
end of the 18th century, their successful techniques and knowledge were redirected by others -technologists -- towards power and dominion over human productivity itself. This gave rise to the Industrial
Revolution and gave new power to the social institution of technology. Technology became so successful
that it challenged the social niche that natural philosophy had gained 200 years earlier. Industrialists saw
natural philosophy as the handmaiden of technology. Natural philosophers would have none of it.
They reacted to the attempted subordination in several ways: by retreating into the cloisters of the
universities, by calling themselves "scientists" (to distinguish themselves from natural philosophers), by
creating a public face of "pure science," by isolating themselves from the "vulgarities of practical
knowledge," and by establishing a tight rein over who would have access to becoming a scientist and what
standards would apply. Natural philosophy had evolved into a profession.
The Industrial Revolution caused natural philosophy to redefine its boundaries and to renegotiate its
mission in society. By redefining its boundaries, what did science include? What did it exclude?
Science focused its efforts on intellectual curiosity and knowledge for knowledge sake, a marked
departure from its Baconian tradition of practical knowledge. Moreover, science distanced itself further
from value-laden discourse, from the consumers of its knowledge, and from social responsibility. Science
eschewed its technological and social connections.
Scientists established a self-serving hierarchical position by defining technology as "applied
science." The misconception continues to plague technology and science education today (Collingridge,
1989; Fleming, 1989; McGinn, 1991; Snow, 1987).
By 1860, a reshaped domain of knowledge had been constituted. Biology, chemistry, geology, and
physics were enshrined as disciplines when they became new administrative units within the university.
Natural philosophy had become professionalized science.
Coincidentally, the high school science curriculum was being introduced into public schools for the
first time. The university's administrative model for science was copied by the high schools. Biology,
chemistry, geology, and physics became the only valid ways to view nature. Like 19th century science,
high school science eschewed practical knowledge and ignored values and social relevance.

A conclusion seems warranted. Similar to science itself, the high school science curriculum was
shaped by the social forces that existed at the time of its inception. This happened to the high school
curriculum when science was retreating into the universities to protect itself from a take-over bid by
technology.

As a consequence, the legitimacy of school science was defined by the 19th century

professionalization of university science, and the purpose of school science was to prepare students for
university science.

The Socialization of Science
The 20th century brought a host of new social forces. World War II likely reshaped science more
than any other single historical event. World War II ensured the marriage of aloof scientific expertise with
life-or-death practical problems of technology. This unlikely marriage irrevocably bound science and
technology into a strong social unit called research and development (R & D). This marriage necessitated
a new social contract between science and society.
The transformation of science during World War II is epitomized by one of the most dramatic events
that occurred: the production and deployment of the atomic bomb. It was a corner around which humanity
turned. Science constructed the corner and guided humanity around it. The splendid isolation, which
scientists by and large enjoyed since the 19th century, was evaporated by a mushroom shaped cloud.
By the end of World War II, "small science" had become "big science" (Price, 1963). Big science
had profound implications. It meant big budgets; large partnerships with government, industry, and the
military; and a narrowed gap between "pure" and "applied" science. Big science meant the creation of
national wealth and military superiority. As a result, scientific knowledge today has political currency on
two levels: (1) internationally where it is traded in the diplomatic halls of foreign policy (Dickson, 1984),
and (2) nationally where it sustains the dominant socio-economic intrastructure of that society (McGinn,
1991). For instance, governments support R & D in order to maintain that country's competitive edge in
the world market place (Ziman, 1984).
Government, industry, and the military have become the dominant patrons of scientific activity.
Science of the 1990s occurs in an interactive world of politics, economics, and war. Only a small minority
of academic scientists undertake pure research. Even these scientists are mindful, however, of the political
lobbying required to obtain funds. One conclusion seems inescapable: the social significance of scientific
knowledge now takes on a new 20th century reality.

While World War II was having an impact on the interactions between science and society, a new
academic discipline emerged -- the sociology of science (Layton, chapter 4; Ziman, 1984). Anthropological
studies into the social construction of scientific knowledge (for example, Latour and Woolgar, 1979)
described two types of science: "public science" and "private science" (Holton, 1978). Public science is
the science reported in journals, at conferences, and in textbooks. Private science, on the other hand, is
what actually occurs in labs. It is recorded in personal notebooks, conversations, e-mail, and letters. What
did the anthropologists discover about scientists? In contrast to the public face of science -- that objective,
rational, open-minded, free communication, and honest face, which we recall was established in response
to the social demands of a 17th century Europe -- private science was found to harbor subjectivity, arational
thought, closed-mindedness, secrecy, and behavior less than honest (Gauld, 1982).
Today we recognize two social contexts of science; an external context in which science interacts
with technology, economics, politics, law, ethics, and other facets of society; and an internal context in
which historical and social dynamics mediate the production of knowledge (Rosenthall, 1989; Ziman,
1984).
Science still strives for power and dominion over nature, but in the new context of research and
development where technology, values, and social responsibility play an increasingly important role
(Mendelsohn, 1976). Thus, a new social contract between science and society seeks a balance between, on
the one hand, power and dominion over nature, including economic well being, and on the other hand,
stewardship of the earth and quality of life.

Summary
Science today differs dramatically from the "science" of 1660 and 1860. Each stage in the evolution
of science has been shaped and reshaped by social forces, both external and internal to science. This is
schematically represented in Figure 2.1 by the arrows between "social forces" and "science." The social
forces of 1600 gave birth to the institutionalization of science (box I). The social forces of 1800 precipitated
the professionalization of science (box P). And lastly, the social forces of the 20th century molded the
socialization of science (box S).
_______________________________________
Figure 2.1 fits here
_______________________________________

Figure 2.1 serves as a framework for the next section. The argument turns to the social forces of
the last three decades, and the consequence of those social forces in reshaping the high school science
curriculum.

The High School Science Curriculum
As described above, the social context of 17th century Europe shaped the institutionalization of
science. Similarly the social context of the 19th century shaped the fundamental tenets of the high school
science curriculum. Figure 2.1 depicts this influence by the arrow from box P (the professionalization of
science) to triangle I/P (the institutionalization and professionalization of the high school science
curriculum). Figure 2.1 provides a framework with which we can understand current practices and
anticipate future changes.
What can we understand about the science curriculum given its 19th century origins? We can now
recognize why today's curriculum includes pure abstractions that demonstrate the aesthetic unity of the
disciplines, and why practical knowledge and social concerns are all but excluded. We can now see why
the curriculum portrays science as a purely rational and objective inquiry into absolute knowledge. We can
now recognize this portrayal as the public facade of 19th century science. We can also appreciate how the
social upheavals of the 17th and 19th centuries shaped this facade.
Moreover, we can now recognize that this facade of school science -- 19th century academic
idealism -- is inconsistent with the realities of post World War II science. In other words, school science is
seriously out of date. Like the saber-tooth curriculum, the school science curriculum embraces outmoded
content and values. No wonder we hear the criticism that school science is sterile, false and boring (Science
Council of Canada, 1984).
Several serious attempts have been made to modify the high school curriculum in North America
over the past 50 years (Hurd, 1986). Educators have tried to replace the curriculum's 19th century academic
isolationism with a 20th century authenticity that reflects the humanization/socialization that science itself
has undergone. But every attempt has failed (Hurd, 1986). Those "conservatives" (as Benjamin called
them) with vested interests in the saber-tooth curriculum possessed greater political power than the
"liberals" who tried to implement an up-to-date curriculum.
Nevertheless we have reason to be optimistic about the latest struggle to modify the science
curriculum.

During the past three decades a number of new social forces have become evident.

Synergetically they may cause the extinction of the saber-tooth curriculum.

John Ziman explains in chapter 3 that student motivation in the sciences has decreased, as evidenced
by a depletion in enrollment and an apparent attrition in academic achievement. Research tends to show
that school science actually discourages imaginative and creative students, particularly women and
minorities, from entering the profession (Bondi, 1985; Majumdar, Rosenfeld, Rubba, Miller and Schmalz,
1991; Oxford University, 1989). School science, therefore, undermines the development of future scientists
and engineers. This is evident in the United States with its nation-at-risk crisis, in which the decline in both
enrollment and student capabilities threatens to compromise that nation's place in the competitive market
of our global village (Hurd, 1989; Majumdar et al., 1991). Industry and labor support science and
technology education in order to maintain a sound economy (Bondi, 1985; De Vore, 1992).
The environmental movement has raised the public's consciousness concerning the stewardship of
the earth. In ubiquitous conflicts between corporate profits and environmental agendas, scientists have been
seen to participate on all sides of an issue (Globe & Mail, 1983; Jacobson, 1983). As a consequence, the
attentive public has changed its perception of science from an image of objective isolation to one with social
agendas.
Furthermore, two new academic fields have articulated the social nature of science. The social
studies of science field explores the internal sociology of science, while the science policy studies field
concentrates on social issues external, but related to science (Spiegel-Rösing, 1977). For instance, David
Layton in chapter 4 discusses the social studies of science and how the "Social Responsibility in Science"
movement activated STS programs at universities and colleges. In chapter 5, I show how the two fields
help define STS teaching.
Concomitantly, a "science-for-all" education movement has surfaced in many countries (Fensham,
1992). The science-for-all impetus in Canada, for instance, took the unusual form of a national science
education policy calling for a socially relevant science curriculum (Science Council of Canada, 1984). A
science-for-all education contrasts with an elitist view of education -- science for the few. Joan Solomon
traced the historical roots of this contrast in chapter 1. "The few" refers to students who prepare for, and
survive, the university screening mechanism that artificially selects students who look very similar to the
very academic scientists who sustain that screening mechanism (Tobias, 1990).
Practical capability (Harrison, 1980; Layton, 1991) is the most recent social issue to challenge
science education, as described by David Layton in chapter 4. Today's pressure to synthesize science and
technology education is not unlike the earlier 20th century pressure that merged science and technology
into the institution we call research and development (R & D).

In summary, the past three decades have witnessed the emergence of substantial social forces: (1)
a pervasive decline in the interest and understanding of science; (2) an awakening recognition of science as
a human, social, and technological endeavor; (3) an egalitarian movement in public education; and (4) a
proposal to synthesize science and technology education. Each country has its own unique set of social
forces that impinge upon its 19th century school science curriculum. Many countries are beginning to
change their traditional science curriculum.
When designing a new curriculum, countries share a common trend towards teaching science
embedded in technological and social contexts familiar to students (Bybee, 1985a; Eijkelhof and Kortland,
1988; Fensham, 1992; Hofstein, Aikenhead and Riquarts, 1988;
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1982; Piel, 1981; Ziman, 1980). This new curriculum movement advocates teaching science in a sciencetechnology-society (STS) approach. An STS science curriculum conveys to students an image of science
that honestly reflects science's social character -- the 20th century socialization of science.
This new curriculum is depicted in Figure 2.1 by the "STS" triangle. The socialization of science
(box S) constitutes a pervasive pressure on today's school science curriculum. The arrow between box S
and triangle STS represents this pressure. The triangle has broken lines, indicating a tentative status. Will
the social forces of the past three decades, including the social nature of science itself, establish a
"socialized" science curriculum -- an STS science curriculum? How much longer can 19th century school
science masquerade as legitimate science?
Reform has already begun as evidenced by the successful initiatives discussed throughout this book.
STS science educators are closing the gap between 19th century school science and 20th century authentic
science.

Chapter 2
The Social Contract of Science: Implications for Teaching Science
Glen Aikenhead

In his 1939 book, The Saber-Tooth Curriculum, Harold Benjamin sketched a parable of stagnate
curriculum reform. Let me quote a synopsis:
Three fundamentals marked the first educational curriculum: (1) catching fish with the bare hands,
(2) clubbing tiny horses to death, and (3) frightening saber-toothed tigers with torches.
By studying those three subjects in their "schools" the stone-age people got along fairly well until
there came a changed condition caused by the movement of ice from the north, the forerunner of the ice
age.
The streams became muddied and fish could not be seen to catch with the bare hands, so someone
invented the net, made of vines. The tiny horses fled and the antelope replaced them. The stone-agers
invented antelope snares. The saber-toothed tigers died of pneumonia, but the big ice bear replaced them,
and the stone-age men dug pits to trap them. So net-making, twisting antelope snares and digging bear pits
became the three essentials of life.
But the schools continued to teach fish-catching with the hands, horse-clubbing, and tiger-scaring
because they had taught them for years. Some "liberal" wanted to teach net-making, snare-making, and pitdigging but he was met with opposition. Some even wanted to do away entirely with the old subjects, but
they aroused a storm and were called radicals.
The old subjects must be retained for their "cultural value," the school people contended. The
proposed new subjects had no place in the curriculum.
The conservatives said: "Training to catch non-existent fish with bare hands is the best way to
achieve muscular coordination and agility; training in clubbing horses that do not exist is an education in
stealth and ingenuity; practising to frighten tigers that do not exist develops courage. Some things are
fundamental and sacred in education and must not be changed." (Benjamin, 1948, pp. 53-54)
This chapter develops the argument that the high school science curriculum, as normally taught
today, is a saber-tooth curriculum. Because the curriculum was established in the 19th century, and

although times have changed dramatically, the fundamental and sacred aspects of the 19th century science
curriculum remain with us today.
The argument proceeds in two interconnected parts. The first part traces the evolution of science
from its status as "natural philosophy" in renaissance society to its modern status in the 1990s. The
evolution of science demonstrates how social events have shaped the very nature of science itself. This
historical analysis establishes a framework for the second part of the argument which demonstrates how
social events over the last three decades will likely reshape the high school science curriculum. The
argument concludes that a science-technology-society (STS) science curriculum will replace the saber-tooth
curriculum, for the same reason that over a hundred years ago science replaced natural philosophy.
The historical analysis explaining the evolution of science draws heavily upon a series of lectures
given by Everett Mendelsohn (1975a, b, c, 1976), professor of history of science at Harvard University.
This historical analysis of science provides new insights into today's high school science curriculum. The
analysis gives a context for understanding why science teachers tend to teach as they do, why educators are
calling for a change in this teaching, and why an STS curriculum is the natural focus for such a change.

The Evolution of Science
Over the past five hundred years, historical events have helped to shape the very nature of science
itself (Cohen, 1960; Dampier, 1948; Elkana & Mendelsohn, 1981; Mendelsohn, 1975a, b, c, 1976;
Middleton, 1963). Three instances will be examined:
1. How the social context of 17th century Europe, dominated by the Counter-Reformation,
gave birth to the institutionalization of natural philosophy (the "science" at that time);
2. How the social context of 19th century Europe, dominated by the Industrial Revolution,
precipitated the professionalization of science (when the term "science" came into common
use);
3. How the social context of the 20th century, dominated by World War II, molded the
socialization of science (the "science" of our everyday world today).
These three episodes caused mutations to science's fundamental characteristics. These critical episodes will
be examined, one at a time, to see how they guided the evolution of science and how they profoundly altered
science's social contract with society.

Our story begins with the Renaissance, a time when Aristotle's philosophy of the world governed
people's conceptions of matter, motion, and the heavens. Some scholars added incrementally to Aristotle's
intellectual heritage; for example, Bernard Sylvester (12th century), Roger Bacon (13th century), Nicole
Oresme (14th century), Leonardo da Vinci (15th century), Copernicus (16th century), and finally, Johannes
Kepler and Galileo Galilei (early 17th century). Their individual efforts began to define a new type of
philosophy -- natural philosophy. Natural philosophy rejected authority based on scripture and old
philosophers, in favor of authority based on one's empirical experience with nature.
The renaissance explorers of nature (da Vinci, Kepler, Copernicus, etc.) were unimpeded by any
social contract with their society. They were only hobbyists enjoying intellectual diversion. Their musings
were not seen initially as interfering with traditional philosophy. As the 17th century approached, however,
the political climate changed. The Reformation led to the Counter-Reformation. A social contract would
have to be negotiated between natural philosophy and society.

The Institutionalization of "Science"
During the first half of the 17th century, a number of natural philosophers worked towards
organizing themselves into a politically acceptable public enterprise. Leaders in this effort included
Mersenne, Descartes, Bacon, Huygens, Boyle, and Hooke. In 1662, British natural philosophers were
formally incorporated into The Royal Society. They were followed in 1666 by the French natural
philosophers who formed the Academie de Science in Paris. What content did they include in their new
type of knowledge? What content did they leave out? What were the social forces at the time? How did
these forces determine what would be included, and what would be excluded?
First, let us examine the social forces. Seventeenth century Europe was a time of insecurity and
anxiety. People were coping with the Counter-Reformation, wars, fires, and epidemics. It was a period of
instability -- social, intellectual, and political instability. Traditional sources of authority had been
undermined. Natural philosophers of earlier generations had contributed to this revolution. Some had been
condemned. Some had even been burned.
In 1660, however, a new social order was in place. Cromwell's rule had ended in England. The
church and crown were reestablished. World exploration and colonialization had given rise to a new
mercantile middle class.

What did natural philosophers offer this new society in return for allowing the natural philosophers
to institutionalize their new way of thinking? What compromises did the natural philosophers have to
make?
The promise that natural philosophy offered society is best summarized by Francis Bacon when he
wrote about three kinds of ambition. The third and most noble ambition was for man "to establish and
extend the power and dominion of the human race over the universe. ... We cannot command nature except
by obeying her and understanding her" (quoted in Mendelsohn, 1975c, p. 9). In short, knowledge is power!
"Scientia est potentia." Not only is knowledge power, but within the domain of Christendom, with its
Judao-Christian ethic, you could exploit nature with a mood of indifference to the feelings of natural objects.
Therefore, natural philosophers offered 17th century society three gifts: (1) a new way of knowing
characterized by a new type of authority, an authority based on observation and rationalism, and not on
scriptures and social position; (2) the goal and ability to achieve power and dominion over nature, and (3)
a mood of indifference towards any responsibility to nature or to those who might be affected by the new
rational knowledge.
But there was a compromise. In order to establish a niche in society, natural philosophers had to
make peace with the newly established religious and secular authorities. The compromise was clear.
Natural philosophers would avoid discussing religion, politics, and morals. These topics would be
excluded, along with subjectivity and arational thinking. The public face of The Royal Society was
therefore established. The social contract of natural philosophy was finalized: natural philosophy would
deal only with objective rational knowledge acquired through direct experience with nature, and in return,
natural philosophy would provide other social institutions with power and dominion over nature.
Mendelsohn (1975b) calls it the positivist compromise.
Natural philosophy, as a social institution, was established across Europe. Its social contract with
17th century society kept natural philosophy out of trouble with the new authorities. Moreover, natural
philosophy provided a new middle class with useful, practical knowledge which carried no moral
responsibility. To be sure, discussions about moral responsibility were defined by the social contract to be
beyond the scope of natural philosophy. In short, the precursor to science had been declared objective and
value free, because its political survival depended on it.
The social and historical events of the 17th century helped to shape the characteristics and
limitations of what we call science today. In the meantime, other historical events would reshape the nature
of science.

The Professionalization of "Science"
The 17th and 18th centuries saw natural philosophers gain power and dominion over nature. By the
end of the 18th century, their successful techniques and knowledge were redirected by others -technologists -- towards power and dominion over human productivity itself. This gave rise to the Industrial
Revolution and gave new power to the social institution of technology. Technology became so successful
that it challenged the social niche that natural philosophy had gained 200 years earlier. Industrialists saw
natural philosophy as the handmaiden of technology. Natural philosophers would have none of it.
They reacted to the attempted subordination in several ways: by retreating into the cloisters of the
universities, by calling themselves "scientists" (to distinguish themselves from natural philosophers), by
creating a public face of "pure science," by isolating themselves from the "vulgarities of practical
knowledge," and by establishing a tight rein over who would have access to becoming a scientist and what
standards would apply. Natural philosophy had evolved into a profession.
The Industrial Revolution caused natural philosophy to redefine its boundaries and to renegotiate its
mission in society. By redefining its boundaries, what did science include? What did it exclude?
Science focused its efforts on intellectual curiosity and knowledge for knowledge sake, a marked
departure from its Baconian tradition of practical knowledge. Moreover, science distanced itself further
from value-laden discourse, from the consumers of its knowledge, and from social responsibility. Science
eschewed its technological and social connections.
Scientists established a self-serving hierarchical position by defining technology as "applied
science." The misconception continues to plague technology and science education today (Collingridge,
1989; Fleming, 1989; McGinn, 1991; Snow, 1987).
By 1860, a reshaped domain of knowledge had been constituted. Biology, chemistry, geology, and
physics were enshrined as disciplines when they became new administrative units within the university.
Natural philosophy had become professionalized science.
Coincidentally, the high school science curriculum was being introduced into public schools for the
first time. The university's administrative model for science was copied by the high schools. Biology,
chemistry, geology, and physics became the only valid ways to view nature. Like 19th century science,
high school science eschewed practical knowledge and ignored values and social relevance.

A conclusion seems warranted. Similar to science itself, the high school science curriculum was
shaped by the social forces that existed at the time of its inception. This happened to the high school
curriculum when science was retreating into the universities to protect itself from a take-over bid by
technology.

As a consequence, the legitimacy of school science was defined by the 19th century

professionalization of university science, and the purpose of school science was to prepare students for
university science.

The Socialization of Science
The 20th century brought a host of new social forces. World War II likely reshaped science more
than any other single historical event. World War II ensured the marriage of aloof scientific expertise with
life-or-death practical problems of technology. This unlikely marriage irrevocably bound science and
technology into a strong social unit called research and development (R & D). This marriage necessitated
a new social contract between science and society.
The transformation of science during World War II is epitomized by one of the most dramatic events
that occurred: the production and deployment of the atomic bomb. It was a corner around which humanity
turned. Science constructed the corner and guided humanity around it. The splendid isolation, which
scientists by and large enjoyed since the 19th century, was evaporated by a mushroom shaped cloud.
By the end of World War II, "small science" had become "big science" (Price, 1963). Big science
had profound implications. It meant big budgets; large partnerships with government, industry, and the
military; and a narrowed gap between "pure" and "applied" science. Big science meant the creation of
national wealth and military superiority. As a result, scientific knowledge today has political currency on
two levels: (1) internationally where it is traded in the diplomatic halls of foreign policy (Dickson, 1984),
and (2) nationally where it sustains the dominant socio-economic intrastructure of that society (McGinn,
1991). For instance, governments support R & D in order to maintain that country's competitive edge in
the world market place (Ziman, 1984).
Government, industry, and the military have become the dominant patrons of scientific activity.
Science of the 1990s occurs in an interactive world of politics, economics, and war. Only a small minority
of academic scientists undertake pure research. Even these scientists are mindful, however, of the political
lobbying required to obtain funds. One conclusion seems inescapable: the social significance of scientific
knowledge now takes on a new 20th century reality.

While World War II was having an impact on the interactions between science and society, a new
academic discipline emerged -- the sociology of science (Layton, chapter 4; Ziman, 1984). Anthropological
studies into the social construction of scientific knowledge (for example, Latour and Woolgar, 1979)
described two types of science: "public science" and "private science" (Holton, 1978). Public science is
the science reported in journals, at conferences, and in textbooks. Private science, on the other hand, is
what actually occurs in labs. It is recorded in personal notebooks, conversations, e-mail, and letters. What
did the anthropologists discover about scientists? In contrast to the public face of science -- that objective,
rational, open-minded, free communication, and honest face, which we recall was established in response
to the social demands of a 17th century Europe -- private science was found to harbor subjectivity, arational
thought, closed-mindedness, secrecy, and behavior less than honest (Gauld, 1982).
Today we recognize two social contexts of science; an external context in which science interacts
with technology, economics, politics, law, ethics, and other facets of society; and an internal context in
which historical and social dynamics mediate the production of knowledge (Rosenthall, 1989; Ziman,
1984).
Science still strives for power and dominion over nature, but in the new context of research and
development where technology, values, and social responsibility play an increasingly important role
(Mendelsohn, 1976). Thus, a new social contract between science and society seeks a balance between, on
the one hand, power and dominion over nature, including economic well being, and on the other hand,
stewardship of the earth and quality of life.

Summary
Science today differs dramatically from the "science" of 1660 and 1860. Each stage in the evolution
of science has been shaped and reshaped by social forces, both external and internal to science. This is
schematically represented in Figure 2.1 by the arrows between "social forces" and "science." The social
forces of 1600 gave birth to the institutionalization of science (box I). The social forces of 1800 precipitated
the professionalization of science (box P). And lastly, the social forces of the 20th century molded the
socialization of science (box S).
_______________________________________
Figure 2.1 fits here
_______________________________________

Figure 2.1 serves as a framework for the next section. The argument turns to the social forces of
the last three decades, and the consequence of those social forces in reshaping the high school science
curriculum.

The High School Science Curriculum
As described above, the social context of 17th century Europe shaped the institutionalization of
science. Similarly the social context of the 19th century shaped the fundamental tenets of the high school
science curriculum. Figure 2.1 depicts this influence by the arrow from box P (the professionalization of
science) to triangle I/P (the institutionalization and professionalization of the high school science
curriculum). Figure 2.1 provides a framework with which we can understand current practices and
anticipate future changes.
What can we understand about the science curriculum given its 19th century origins? We can now
recognize why today's curriculum includes pure abstractions that demonstrate the aesthetic unity of the
disciplines, and why practical knowledge and social concerns are all but excluded. We can now see why
the curriculum portrays science as a purely rational and objective inquiry into absolute knowledge. We can
now recognize this portrayal as the public facade of 19th century science. We can also appreciate how the
social upheavals of the 17th and 19th centuries shaped this facade.
Moreover, we can now recognize that this facade of school science -- 19th century academic
idealism -- is inconsistent with the realities of post World War II science. In other words, school science is
seriously out of date. Like the saber-tooth curriculum, the school science curriculum embraces outmoded
content and values. No wonder we hear the criticism that school science is sterile, false and boring (Science
Council of Canada, 1984).
Several serious attempts have been made to modify the high school curriculum in North America
over the past 50 years (Hurd, 1986). Educators have tried to replace the curriculum's 19th century academic
isolationism with a 20th century authenticity that reflects the humanization/socialization that science itself
has undergone. But every attempt has failed (Hurd, 1986). Those "conservatives" (as Benjamin called
them) with vested interests in the saber-tooth curriculum possessed greater political power than the
"liberals" who tried to implement an up-to-date curriculum.
Nevertheless we have reason to be optimistic about the latest struggle to modify the science
curriculum.

During the past three decades a number of new social forces have become evident.

Synergetically they may cause the extinction of the saber-tooth curriculum.

John Ziman explains in chapter 3 that student motivation in the sciences has decreased, as evidenced
by a depletion in enrollment and an apparent attrition in academic achievement. Research tends to show
that school science actually discourages imaginative and creative students, particularly women and
minorities, from entering the profession (Bondi, 1985; Majumdar, Rosenfeld, Rubba, Miller and Schmalz,
1991; Oxford University, 1989). School science, therefore, undermines the development of future scientists
and engineers. This is evident in the United States with its nation-at-risk crisis, in which the decline in both
enrollment and student capabilities threatens to compromise that nation's place in the competitive market
of our global village (Hurd, 1989; Majumdar et al., 1991). Industry and labor support science and
technology education in order to maintain a sound economy (Bondi, 1985; De Vore, 1992).
The environmental movement has raised the public's consciousness concerning the stewardship of
the earth. In ubiquitous conflicts between corporate profits and environmental agendas, scientists have been
seen to participate on all sides of an issue (Globe & Mail, 1983; Jacobson, 1983). As a consequence, the
attentive public has changed its perception of science from an image of objective isolation to one with social
agendas.
Furthermore, two new academic fields have articulated the social nature of science. The social
studies of science field explores the internal sociology of science, while the science policy studies field
concentrates on social issues external, but related to science (Spiegel-Rösing, 1977). For instance, David
Layton in chapter 4 discusses the social studies of science and how the "Social Responsibility in Science"
movement activated STS programs at universities and colleges. In chapter 5, I show how the two fields
help define STS teaching.
Concomitantly, a "science-for-all" education movement has surfaced in many countries (Fensham,
1992). The science-for-all impetus in Canada, for instance, took the unusual form of a national science
education policy calling for a socially relevant science curriculum (Science Council of Canada, 1984). A
science-for-all education contrasts with an elitist view of education -- science for the few. Joan Solomon
traced the historical roots of this contrast in chapter 1. "The few" refers to students who prepare for, and
survive, the university screening mechanism that artificially selects students who look very similar to the
very academic scientists who sustain that screening mechanism (Tobias, 1990).
Practical capability (Harrison, 1980; Layton, 1991) is the most recent social issue to challenge
science education, as described by David Layton in chapter 4. Today's pressure to synthesize science and
technology education is not unlike the earlier 20th century pressure that merged science and technology
into the institution we call research and development (R & D).

In summary, the past three decades have witnessed the emergence of substantial social forces: (1)
a pervasive decline in the interest and understanding of science; (2) an awakening recognition of science as
a human, social, and technological endeavor; (3) an egalitarian movement in public education; and (4) a
proposal to synthesize science and technology education. Each country has its own unique set of social
forces that impinge upon its 19th century school science curriculum. Many countries are beginning to
change their traditional science curriculum.
When designing a new curriculum, countries share a common trend towards teaching science
embedded in technological and social contexts familiar to students (Bybee, 1985a; Eijkelhof and Kortland,
1988; Fensham, 1992; Hofstein, Aikenhead and Riquarts, 1988;
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1982; Piel, 1981; Ziman, 1980). This new curriculum movement advocates teaching science in a sciencetechnology-society (STS) approach. An STS science curriculum conveys to students an image of science
that honestly reflects science's social character -- the 20th century socialization of science.
This new curriculum is depicted in Figure 2.1 by the "STS" triangle. The socialization of science
(box S) constitutes a pervasive pressure on today's school science curriculum. The arrow between box S
and triangle STS represents this pressure. The triangle has broken lines, indicating a tentative status. Will
the social forces of the past three decades, including the social nature of science itself, establish a
"socialized" science curriculum -- an STS science curriculum? How much longer can 19th century school
science masquerade as legitimate science?
Reform has already begun as evidenced by the successful initiatives discussed throughout this book.
STS science educators are closing the gap between 19th century school science and 20th century authentic
science.

Chapter 20

Collaborative Research and Development to Produce an STS Course for School Science

Glen Aikenhead

This chapter describes how a practical deliberative enquiry guided the development of an STS
science textbook for the high school.

In its education study Science for Every Student, the Science Council of Canada (1984) called for a
renewal of science education, advising educators to teach scientific concepts and skills embedded in social
and technological contexts relevant to all students. Curriculum theorist Joseph Schwab (1974) had argued
the need for educators (1) to engage in practical deliberative enquiry (as opposed to theory-generating
enquiry), and (2) to pay closer attention to what happens with students in the classroom. Both Schwab's
points define the present study: a practical deliberative enquiry with students to produce an STS science
textbook commensurate with recommendations proposed by the Science Council of Canada.
Deliberative enquiry guided the Science Council of Canada's education study and influenced a
subsequent science education study undertaken by the Saskatchewan Department of Education. Because
both deliberative enquiries define the context of the present study, they are summarized briefly before
addressing the present study.

National and Provincial Deliberations
The Science Council of Canada put Schwab's deliberative enquiry approach into action during a
unique science education study that spanned five years, 1979-1984 (Orpwood, 1985). The study ensured
that significant problems were identified, that appropriate data were collected, and that these problems and
data were considered by the diverse stakeholders (including students) attending two-day deliberative
conferences held across Canada in 1983. The deliberative conferences unfolded as Schwab (1978) had
predicted:
Deliberation is complex and arduous. ... It must try to identify the desiderata in the case. It must
generate alternative solutions. ... It must then weigh alternatives and their costs and consequences
against one another, and choose, not the right alternative, for there is no such thing, but the best one.
(pp. 318-319)

This "best" solution included the following recommendations (Science Council of Canada, 1984). Along
with scientific concepts and skills, students should learn an appreciation for: (1) authentic science -- the
nature of science and scientists, including the way science generates and uses its knowledge; (2) technology
in Canada; and (3) the interrelationships among science, technology and society.
These recommendations, as well as the process of deliberation itself, greatly influenced a provincial
project that was designed to change the science curriculum in Saskatchewan (Hart, 1989).

In the

Saskatchewan science study, conducted between 1986 and 1987, an overwhelming 92% of Saskatchewan
science teachers participating in the deliberative inquiry endorsed the goal of "scientific literacy" defined
as a balance among seven subgoals:
1.

the nature of science itself

2.

the key facts, principles and concepts of science

3.

the intellectual processes used in doing science

4.

the interactions among science, technology, society, and the environment

5.

the values that underlie science

6.

the manipulative skills required for doing science

7.

personal interests and attitudes toward scientific and technological matters.

Although 88% of the teachers believed that a science-technology-society-environment (STSE)
emphasis to the curriculum should be adopted (the Saskatchewan equivalent of STS), teachers expressed
many concerns about: (1) the balance between an STSE emphasis and other emphases; for example, a solid
foundation for the next level of science study (Roberts, 1988); (2) the evaluation of students with respect to
STSE goals; (3) the availability of appropriate teaching materials; and (4) the need to teach controversial

issues. In other words, teachers were positive but certainly cautious about changing their science curriculum
towards an STSE approach.
The Saskatchewan study had established the goal of "scientific literacy" and a curriculum emphasis
on STSE. Saskatchewan science teachers expressed, among other things, a need for classroom materials - such as a textbook -- to support them in their efforts to implement a new science curriculum.

The Study: Definition and Purpose
A curriculum exits in three different phases or forms: (1) the intended curriculum developed by
curriculum specialists or committees authorized by governments; (2) the curriculum as taught by classroom
teachers, the translation of the intended curriculum by teachers when they prepare and teach lessons; and
(3) the curriculum as learned by students. Ideally, the intended, taught, and learned curricula should be
similar. In reality, however, they differ widely (Cronin-Jones, 1991).
The similarity among the intended, taught, and learned curricula may be strengthened by using
classroom materials -- for instance, a textbook -- designed to give students experiences that clearly convey
the intended curriculum (Aikenhead, chapter 16) A textbook influences the content of the taught and
learned curricula whenever the textbook is a teacher's primary resource, a condition found in most North
American high school science classes (Gallagher, 1991).
In Saskatchewan's deliberative meetings, curriculum developers and classroom instructors
discussed what ought to be taught in science classes. Although the perceived needs and interests of students
were given high priority, students were not involved in the provincial process of curriculum deliberation.
However, students can play a significant role in determining the quality of the learned curriculum
(Aikenhead, 1982; Eijkelhof, chapter 19; Kortland, 1992; Solomon, 1983). This role was explored in the
present study by involving students in a new type of deliberative process: a collaboration with textbook

authors to produce classroom materials that strengthen the similarity among the intended, the taught, and
the learned curricula.
In the study, the textbook developer (Glen Aikenhead) consulted and negotiated with students and
teachers. Students worked through, and deliberated over, draft versions of the textbook. Students offered
concrete guidance on how to achieve the intended curriculum. As described below in the Results section,
students contributed significantly to the textbook's content, structure, and language.
The study was primarily concerned with students learning a curriculum that had been rationalized
by two successive Schwabian deliberations.

The study, however, went beyond practical enquiry

characterized by defensible decision making. The study included research and development that led to the
publication of an academic STS textbook and teacher's guide, Logical Reasoning in Science & Technology,
LoRST (Aikenhead, 1991a, b). The study not only focused on the classroom experiences of students (the
learned curriculum) but also collaborated with those students and their teachers in a type of practical enquiry
to produce classroom materials that were: (1) in harmony with the intended curriculum, (2) usable by
teachers with limited inservice training, and (3) consistent with students' views on relevancy and practical
appropriateness. This chapter describes this deliberative research and development process.

Overview of the Study
The research and development of LoRST followed a three-stage sequence that took advantage of
the classroom realism well known to teachers and students. These phases are summarized here. In phase
1 (an eight-week project), I wrote and taught draft #1 in a local high school in 1987. Based on this classroom
collaboration with students, the text was modified and expanded to yield draft #2. By initiating the project
in a classroom setting: (1) the classroom materials evolved on the spot with average grade 10 students, (2)
appropriate teaching strategies were identified (Aikenhead, 1988b), and (3) a rough draft of the teacher's
guide was written. This second draft of LoRST was used in 1988 (phase 2, a twenty-week project) by three

volunteer teachers who received no inservice training. The teachers taught in three different schools,
representing a full cross section of student background and abilities. Classes were observed daily as
teachers used draft #2 of the text and teacher's guide. This collaboration with students and teachers led to
another revision of the student materials and teaching strategies. As a result of this closely monitored
project, LoRST was polished into draft #3. In 1989-90 (phase 3), draft #3 was field tested across
Saskatchewan and evaluated by 30 teachers both sympathetic to, and critical of, an STS approach to
teaching science. Teacher feedback resulted in further revisions to LoRST. The resulting material (student
text and teacher's guide) was published in 1991 and adopted by Saskatchewan as a principal textbook for
grade 10. Two other provinces adopted LoRST in 1993.
The former grade 10 syllabus in Saskatchewan had been a traditional physical science course with
an emphasis on chemistry. The LoRST project was initiated with the assumption that a similar content
would be the basis of the new curriculum (a false assumption, as it turned out).
The three-phased research and development process that produced LoRST will be much easier to
understand if one has an idea of the product of the study -- the textbook.

Product of the Study
LoRST teaches scientific content in conjunction with critical reasoning skills to a target audience of
grade 10 students of average (or above average) academic ability. (For a detailed description of LoRST see
Aikenhead, 1992b.) Students learn scientific facts, concepts and principles from physics, chemistry and
biology in a way that connects those facts, concepts and principles with the students' everyday world. The
interdisciplinary nature of LoRST places it in category 5 of the STS science scheme presented as Table 5.1
in chapter 5.

The textbook begins with courtroom testimony by scientific experts -- a social context familiar to
students. This creates the need to know a host of science concepts and logical reasoning skills. In LoRST,
the social issue of drinking and driving creates the need to know (1) the technology of the breathalyzer; (2)
how science and technology interact with each other, and how they both interact with various aspects of
society; and (3) scientific content such as mixtures, concentration, chemical reactions, photometry,
electrical circuits, and the biology of body cells and systems. While the content is "driven by" the social
issue of drinking and driving, the content is not limited to that social issue. For instance, students solve
concentration problems in the world of recipes, false advertising, toxic chemicals, and farm fertilizers.
Classification of mixtures is introduced in the context of the Red Cross and is developed via the technology
of salad dressings. Electricity concepts are learned in order to bridge the gap between atomic theory and
the household appliances familiar to adolescents (both female and male). Heat and temperature are taught
in an historical context, accompanied by inquiry labs requiring students to construct relevant concepts.
LoRST's emphasis on logical reasoning reflects the mandate to improve students' critical thinking
skills (Aikenhead, 1990; Byrne & Johnstone, 1978; National Science Foundation, 1990). Specific critical
reasoning skills are taught in Unit 3, "Science & Critical Thinking: The Logic Game." These skills are then
applied throughout the book. More important than the individual reasoning skills themselves is the increase
in students' predisposition (habits of the mind) to analyze, to question, and to articulate a reasoned argument
(McPeck, 1981).

Results
This section describes specific instances of collaboration in which students and teachers contributed
to the content, structure and language of the final product -- Logical Reasoning in Science & Technology.
While each page in the textbook has a unique story to tell about how it evolved over the three phases of the
study, only a few typical examples are described here. (More details are provided by Aikenhead, 1991c.)

The examples address four topics: selection of the content, structuring the content, students "editing" the
language of the textbook, and lastly, contributions by teachers.

Selection of Content
The social issue of drinking and driving was selected as an organizing STS theme in LoRST. The
issue is of critical importance to every community. Alcohol is the most fatal toxic chemical in the
environment when it pollutes a driver's body. The issue of drinking and driving also demands particularly
realistic decisions by students, rather than the more idealistic, hypothetical decisions sometimes associated
with global issues (Carter, 1991). Students in grade 10 know that they will soon take personal action based
on their own decisions about alcohol and driving. Thus, an action orientation to decision making is
particularly realistic for students (Rubba, 1991). Questionnaire feedback from 91 students participating in
phase 2 indicated that most (83%) found the issue of alcohol and driving to be relevant and enjoyable,
though they would have preferred studying science via the issues of sex and drugs.
During phase 1 of the R & D study, students vigorously quizzed me about facts and principles related
to how alcohol would affect their bodies. This was science content not found in the old curriculum and
therefore not intended for LoRST. (It is now part of the new curriculum.) Students' interest and curiosity
convinced me to compose a new unit, "How Alcohol Affects the Body." It was added to the end of LoRST
version #1. I designed this new unit in a way that systematically addressed students' questions, but also
applied previously learned physical science content to biological systems; for instance, concepts such as
diffusion, chemical changes, and parallel and series circuits.
To provide practice at applying physical science content to the everyday world, some decisionmaking activities were developed in version #2. Students fell short of my expectations on how easily they
could reach a decision. When I clarified these expectations (the intended curriculum) during a class
discussion, students pointed out that more guidance was needed to lead them through what they perceived

to be unfamiliar territory. In other words, students suggested how the learned curriculum could be more
consistent with the intended curriculum. As a consequence, another unit, "Decision Making," was tacked
on to the end of LoRST version #2. It described a ten-step sequence to follow when making a decision
(Aikenhead, 1985a).
Not only did students initiate the development of these two new units, they contributed to the content
of other units. In a section on electricity, for instance, students were the source of questions that now appear
in the text. During phase 1 of the study, I overheard a conversation between two girls about accidentally
plugging a hair dryer into a 220 volt source. "It killed my hair dryer", one said. Version #2 of LoRST
incorporated her story into a question that asked why 200 volts would "kill" a hair dryer.
Structuring the Content
Three examples of structuring the content in LoRST will further clarify the deliberative process that
characterized the research and development study.
A post-lab discussion of an activity called "Experimenting with Mixtures" provided a forum for
identifying the activity's successes and difficulties. Students expressed frustration over my expectation that
they could inductively derive a distinction between homogeneous and heterogeneous mixtures. Students'
preconceptions of mixtures were far richer and more complex than the scientific dichotomy of
homogeneous/heterogeneous. "Why couldn't we just read about it before the activity?" they asked. The
section was revised accordingly.
The second example of structuring content in LoRST deals with a section on electricity. In version
#1, students were given the challenging task to explore electricity ("bulbs and batteries" revisited) and to
write up what they discovered. This approach was fashioned after the Nuffield science projects in the U.K.
in which students learned almost all their science content from lab activities. The expectation of the LoRST
research and development project, however, was to turn the students' work produced during version #1 into
an activity for version #2. With appropriate editing, version #2 incorporated the students' work into a single

activity comprised of five interconnecting parts that took about five hours to complete. The students who
studied version #2 did not like this long and involved activity. Instead, they wanted an activity to be more
focused on one particular topic. Therefore, the five-part activity of version #2 was restructured into four
activities embedded in didactic text that introduced or reinforced the four activities. In doing so, the topic
of electricity was reorganized around two themes: scientific theory and scientific law. These themes
reinforced the textbook's epistemic distinction between theories and laws.
The third illustration of students structuring text content occurred when one of LoRST's activities
failed. I wanted students to analyze a current article from the New England Journal of Medicine to see a
1990 example of the tentativeness of science, and learn more about scientists participating in consensus
making. I wrote a synopsis of the article. The first time students read it, they could not decide whether the
conclusion reached was logical or not. (The conclusion was somewhat controversial within the scientific
community.) During a classroom discussion of the article, I acknowledged the impasse the class had come
to, and wondered aloud how the impasse might be resolved. One student pointed out that there were actually
two main conclusions to the article, not one; and that one conclusion was logical while the other one was
not. Her analysis was written into the next version of LoRST. Now students are given two conclusions
and asked to comment on the logic of each conclusion. Difficult science content can sometimes be clarified
by students themselves, and then be restructured to conform with an adolescent logical perspective.
Teachers were often helpful at identifying student problems and at articulating student concerns.
Throughout phase 2, students' problems and preconceptions led me to reformulate the content and to
restructure the text. In other words, collaboration with students and teachers identified problems, generated
alternatives, and the best solutions were chosen. A Schwabian type of practical enquiry was working.

Students "Editing" the Textbook

Students will gladly express confusion or frustration over something they do not understand. By
sitting in their classroom day in and day out, one can detect not only their confusions or frustrations, but
also how they spontaneously clarify or correct the problems. Typical examples will illustrate the point.
Lab instructions were modified when I observed students making "errors" or making impromptu
improvements to the instructions. The intent of LoRST was to have students reason with scientific ideas
rather than simply memorize them.

Consequently, the LoRST lab instructions were written much

differently than lab instructions designed to have students verify facts.

Teachers' extemporaneous

modifications to labs (in phase 2) also contributed to the clarity and efficiency of LoRST's lab instructions.
Another issue (related to the language in LoRST) deals with the text's writing style. Young, Ruck
and Crocker (1991, p. 46) claim, "Science texts violate students' expectations because the language is unlike
anything they have previously encountered. The way science books present ideas is a discrepant event in
the students' experience." The traditionally formal, succinctly dense, science language makes textbooks
science-centered, not student-centered. Rather than requiring students to completely change their reading
style in order to understand the science text language, one can modify the text's language to conform more
with student expectations. This has been achieved in LoRST. The text is unusually narrative (sometimes
even chatty), filled with visual imagery, and structured from a student's perspective. Thus, students
indirectly influenced the writing style of LoRST because of the student-centered approach to the use of
language.
However, students had a direct effect on the writing style as well. Occasionally, the text is literally
interrupted by a comment from a student, usually at some key point in the development of an idea. For
instance, the water content of body tissue is studied in LoRST. The textbook points out that a 70 kg female
athlete (high muscle content) would be less affected by an alcoholic beverage than a 70 kg pot-bellied male
(high fat content), all other variables being equal. Then a cartoon-like balloon interrupts the paragraph and
points to a silhouette of a student's head in the margin. Inside the balloon the following passage appears:

"That can't be true," he protested. "I read in a book that women are more affected by alcohol than men"
(Aikenhead, 1991a, p. 223). The text then responds in a dialogue fashion and introduces students to the
idea of a statistical fact, the type to which the student was referring. This dialogue between student and
textbook paraphrases an actual classroom interaction. The dialogue emphasizes a discrepancy between a
student's preconception about scientific facts (they are either true or false) and the curriculum's conception
of scientific facts (they are context dependent and probabilistic). This style of highlighting discrepancies
between the intended curriculum and students' preconceptions was inadvertently suggested to me by the
poignancy of certain key student/teacher exchanges that took place in the classroom. These exchanges are
recaptured in LoRST as a dialogue between the student and the textbook. The practical enquiry of
collaborating with students allowed me to build on students' natural reaction to classroom events, and to
judiciously incorporate some of those reactions into the text.
The informal, unorthodox, narrative writing style in LoRST received strong endorsement from the
91 students surveyed in phase 2. Ninety-two percent thought the style made the textbook easier to
understand, while five percent thought it made it more difficult.

Teacher Contributions
It is evident from the examples cited above how the three teachers in phase 2 of the study contributed
to the development of LoRST. Their contributions normally arose spontaneously during classroom action,
where idiosyncrasies and constraints abound. Helped only by a rough draft of the teacher's guide for
LoRST, these teachers explored new territory of STS instruction. By observing each lesson (the taught
curriculum) and by listening to a teacher's out of class comments, I modified the teacher's guide in several
ways: by clarifying directions, by adding specific teaching suggestions, and by writing background
information. Day by day the teachers also identified problems for me to solve in the student text.

The revision of LoRST at the end of phase 2 would certainly have been suitable for most grade 10
students. After all, students themselves had contributed to its content, structure and language. But would
LoRST work with other teachers? Critics of STS claim it would not (Walberg, 1991).
Phase 3 of the study, a province-wide field test of manuscript version #3, involved 30 teachers
chosen by Saskatchewan Education, some of whom were supportive but others who were sceptical or even
critical of an STS approach. Phase 3 was not an investigation into teacher implementation of LoRST nor
an evaluation of LoRST. Rather, it was a practical enquiry into developing LoRST further. A few examples
of collaboration in phase 3 will illustrate how LoRST was improved.
Unlike the day-to-day collaboration with students and teachers in phases 1 and 2, in phase 3 teachers
only identified problems. (Financial and human resources were limited.) The solutions to these problems
were left for me to engineer. A short case study about the topic of heat will illustrate typically what
happened in phase 3.
A workshop had been organized to help teachers with some "new" content in LoRST -- the explicit
treatment of critical thinking in a unit called "The Logic Game." The teacher's guide suggested that students
read, analyze, and discuss. This logic game unit had been very successful in another project with average
students (Aikenhead, 1979a). That success had been attributed to the fact that the logic content that students
read, analyzed, and discussed, did not come from science but from the everyday world of adolescent
experience. At the workshop, however, one teacher emphatically explained his class's negative reaction to
this logic content, "When my students come into science class, they want to light bunsen burners and get
the right answers." Because the teacher was conscientiously implementing the new curriculum, and because
he likely represented a prevailing view among science teachers, his comment was taken seriously. Thus,
my objective was to design:
1. Activities in which students light bunsen burners and get the right answers.

2. Activities that correlate with the content in "The Logic Game" unit, but could also function
independently of this content in case teachers do not teach the logic unit.
3. Activities that reflect a constructivist and STS perspective.
4. Activities that correspond to the emerging curriculum.
One new activity, "The Law of Heating (and Cooling) Bodies," was designed according to the four
specifications stated above. The activity extrapolates from the student's everyday world of temperature
changes in syrup, cooking oil, and water, to the realm of scientific thinking about specific heat capacities.
Students, acting as research teams, explore the variables that seem to affect heat transfer. (Exploration
rather than verification occurs.) Bunsen burners are lit! Each research team works on one of the variables.
Then all teams get together at an "international conference" where the class reaches a consensus on what to
believe about which variables affect heat transfer. To prepare for their conference, students analyze the
heat data. Students must reason on the basis of the assumption: "One gram of substance rising one degree
Celsius takes in a certain number of joules of heat." After reaching a consensus, students are introduced to
the term "specific heat capacity." Next, the heat transfer equation is presented as a mathematical wording
to the Law of Heating (and Cooling) Bodies. Finally, several math problems are solved to gain a facility at
using the heat transfer equation. Students get right answers! The teacher who wanted students to light
bunsen burners and get the right answer had his specifications met.
Two further activities on heat were developed and cycled through the three phases of the deliberative
enquiry process in order to complete a systematic treatment of heat and temperature (Aikenhead, 1992a).
The phase 3 collaboration with the 30 teachers led to the production of several other activities that would
not have otherwise been developed. The collaboration also resulted in LoRST looking more like a
traditional science text (for example, chapter titles were changed to conform to traditional expectations) but
without compromising the harmony between the intended and learned curricula achieved in phases 1 and
2. None of the changes undermined the book's relevancy and practicality to students.

Conclusions
The ultimate purpose of the LoRST research and development project was to strengthen the
cohesion between (1) the intended curriculum, advocated by the Science Council of Canada and defined by
Saskatchewan's Department of Education, and (2) the curriculum learned by students. Accordingly, LoRST
was developed to help teachers translate (modulate) the intended curriculum into a taught curriculum, in a
way that more accurately portrays the intended curriculum (Roberts, 1980).
The practical enquiry demonstrated that students can contribute significantly to a textbook's content,
structure, and language. By engaging students in tasks in the natural setting of their classroom, an author
can attend to information that spontaneously emerges during instruction or to information that thoughtfully
evolves from informal discussions with students. Students were most helpful in (1) reflecting on how well
the tasks met the provincial curriculum's objectives (that is, the consistency between the learned and
intended curricula), and (2) suggesting, indirectly or directly, how to improve on the text material. In a
somewhat similar fashion, Kortland's (1992) environmental education project also demonstrates how
student interviews and classroom observations can judiciously guide the development of instructional
materials.
Further research is needed to shed more light on the learned curriculum that results from using STS
materials such as LoRST. One promising avenue of research is the systematic identification of classroom
events that appear to have an impact on students' reconceptionalizations of science and STS content. Case
studies of a small number of students can clarify the classroom events that affect their understanding of, for
instance, the nature of heat, the role of assumptions in scientific thinking, or the nature of scientific decision
making. (See, for example, studies by Larochelle and Désautels, 1991; Roth and Roychaudhury, 1993; and
Shapiro, 1989.) A case study of students learning science can portray the different ways in which students'
feelings, world views, and preconceptions interact with the teacher's taught curriculum, fellow students, and

the classroom events supplied by a textbook. These interactions provide rich data for better understanding
the learned curriculum of an STS science course.

References

Addinell, S., & Solomon, J. (1983). Science in a social context: Teacher's guide. Oxford: Basil
Blackwell.
Aikenhead, G.S. (1973). The measurement of high school students' knowledge about science and
scientists. Science Education, 57(4), 539-549.
Aikenhead, G.S. (1974). Course evaluation. Journal of Research in Science Teaching, 11(1), 23-30.
Aikenhead, G.S. (1979a). Science: A way of knowing. The Science Teacher, 46(6), 23- 25.
Aikenhead, G.S. (1979b). Using qualitative data in formative evaluation. The Alberta Journal of
Educational Research, 25(2), 117-129.
Aikenhead, G.S. (1982). A retrospective account of the development of a novel curriculum in science:
Prospects for change. In R. Butt, J. Olson & J. Daignault (eds.), Insiders' realities, outsiders' dreams:
Prospects for curriculum change. Vancouver, BC: Centre for the Study of Curriculum and
Instruction, University of British Columbia.
Aikenhead, G.S. (1985a). Collective decision making in the social context of science. Science
Education, 69(4), 453-475.
Aikenhead, G.S. (1985b). Science curricula and preparation for social responsibility. In R.W. Bybee
(ed.), Science-technology-society. 1985 NSTA Yearbook. Washington, DC: National Science
Teachers' Association.
Aikenhead, G.S. (1986). The content of STS education. STS Research Network Missive, 2(3), 18-23.

Aikenhead, G.S. (1988a). An analysis of four ways of assessing student beliefs about STS
topics. Journal of Research in Science Teaching, 25(8), 607-629.
Aikenhead, G.S. (1988b). Teaching science through a science-technology-society-environment
approach: An instruction guide. Regina, Saskatchewan: SIDRU, Faculty of Education,
University of Regina.
Aikenhead, G.S. (1990). Scientific/technological literacy, critical thinking, classroom practice.
In S. Norris & L. Phillips (eds.), Foundations of literacy policy in Canada. Calgary, Alberta:
Detselig Enterprizes.
Aikenhead, G.S. (1991a). Logical reasoning in science & technology. (Student Text) Toronto:
John Wiley of Canada.
Aikenhead, G.S. (1991b). Logical reasoning in science & technology. (Teacher's Guide)
Toronto: John Wiley of Canada.
Aikenhead, G.S. (1991c, June). Transposing STS science curriculum policy into a high school
textbook. A paper presented to the annual meeting of the Canadian Society for the Study of
Education, Queen's University, Kingston, Canada.
Aikenhead, G.S. (1992a). How to teach the epistemology and sociology of science in a historical
context. In S. Hills (ed.), The history and philosophy of science in science education, vol. 1.
Kingston, Canada: Faculty of Education, Queen's University.
Aikenhead, G.S. (1992b). Logical reasoning in science and technology. Bulletin of Science,
Technology & Society, 12(3), 149-159.
Aikenhead, G.S. (1992c). The integration of STS into science education. Theory into Practice,
31(1), 27-35.
Aikenhead, G.S., & Fleming, R.W. (1975). Science: A way of knowing. Saskatoon, Canada:
Curriculum Studies, University of Saskatchewan.
Aikenhead, G.S., & Ryan, A.G. (1989). The development of a multiple-choice instrument for
monitoring views on science-technology-society topics. Ottawa: Social Sciences and
Humanities Research Council of Canada.
Aikenhead, G.S., & Ryan, A.G. (1992). The development of a new instrument: "Views on
science-technology-society" (VOSTS). Science Education, 76(5), 477-491.
Aikenhead, G.S., Fleming, R.W., & Ryan, A.G. (1987). High school graduates' beliefs about
science-technology-society. Part I. Methods and issues in monitoring students views.
Science Education, 71(2), 145-161.
Aikenhead, G.S., Ryan, A.G., & Désautels, J. (1989, April). Monitoring student views on
science-technology-society topics: The development of multiple-choice items. A paper
presented to the annual meeting of the National Association for Research in Science
Teaching, San Francisco.

51

Aikenhead, G.S., Ryan, A., & Fleming, R. (1989). Views on science-technology-society (form
CDN.mc.5). Saskatoon, Canada: Department of Curriculum Studies, University of
Saskatchewan.
Amara, J.M. (1987). Indigenous technology of Sierra Leone and the science education of girls.
International Journal of Science Education, 9(3), 317-324.
American Association for the Advancement of Science (AAAS). (1989). Science for all
Americans. Washington, DC: AAAS.
American Chemical Society. (1988a). ChemCom: Chemistry in the community. Dubuque,
Iowa: Kendall/Hunt.
American Chemical Society. (1988b). ChemCom: Chemistry in the community. Teacher's
guide. Dubuque, Iowa: Kendall/Hunt.
Anyon, J. (1979). Ideology and United States history textbooks. Harvard Educational Review,
49(3), 361-386.
Arditti, R. (1979). Feminism and science. In R. Arditti, P. Brennan & S. Cavrak (eds.), Science
and liberation. Boston: South End Press.
Arnstein, S.R. (1977). A ladder of citizen participation. In G. Boyle, D. Elliot & R. Roy (eds.),
The politics of technology. London: Longman in association with The Open University
Press.
Association for Science Education. (1981). Science in society: Teacher's guide. London:
Heinemann Educational Books.
Association for Science Education. (1990). Gender and science education. Hatfield, Herts,
U.K.: The Association for Science Education.
Association for Science Education. (1991). Policy statement. Primary science. Hatfield, Herts,
U.K.: The Association for Science Education.
Attfield, R. (1983). The ethics of environmental concern. Oxford: Blackwell.
Bacon, F. (1605). The advancement of learning. London: Dent and Sons.
Banerjee, A.C., & Yager, R. (1992). Improvement in students perceptions of their science
teachers, the nature of science, and science careers with science-technology-society
approaches. In R.E. Yager (ed.), The status of STS: Reform efforts around the world.
ICASE 1992 Yearbook. Knapp Hill, South Harting, Petersfield GU31 5LR, U.K.:
International Council of Associations for Science Education.
Barnes, D., & Todd, F. (1977). Communication and learning in small groups. London:
Routledge and Kegan Paul.
Benjamin, H. (1948). The saber-tooth curriculum. In D. Harl & C. Drieder (eds.), American
public education. New York: John Wiley.

52

Bernstein, R. (1991). The new constellation. Cambridge: Pollity Press.
Binadja, A. (1992). Development of science process skills when science is taught with a focus
on science-technology-society. In R.E. Yager (ed.), The status of STS: Reform efforts
around the world. ICASE 1992 Yearbook. Knapp Hill, South Harting, Petersfield GU31
5LR, U.K.: International Council of Associations for Science Education.
Blandow, D., & Dyrenfurth, M. (eds.) (1992). Technological literacy, competence and
innovation in human resource development. In the Proceedings of the First International
Conference on Technology Education. Columbia, MO: Applied Expertise Associates.
Bloch, E. (1986). Scientific and technological literacy: The need and the challenge. Bulletin of
Science, Technology & Society, 6(2 & 3), 138-145.
Bondi, H. (1985). Society's view of science. In G.B. Harrison (ed.), World trends in science
and technology education. Nottingham, U.K.: Trent Polytechnic.
Booth, A., & Jacobs, H. (1990). Ties that bind: Native American beliefs as a foundation for
environmental consciousness. Environmental Ethics, 12(1), 27-34.
Boston Women's Health Collective. (1971). Our bodies, ourselves. New York: Random
House.
Breakwell, G. (1990, March). Young people's attitudes to scientific change. A paper given at
the Public Understanding of Science conference, London Science Museum.
Bredderman, T. (1982). Activity science -- the evidence shows it matters. Science and Children,
20(1), 39-41.
Bredderman, T. (1983). Effects of activity based elementary science on student outcomes: A
quantitative synthesis. Review of Educational Research, 53(4), 499-518.
Bruffee, K.A. (1992). Science in a postmodern world. Change, 24(6), 18-25.
Bruner, J. (1966). Toward a theory of instruction. Cambridge, MA: Harvard University Press.
Buseri, J.C. (1987). The influence of culture on pupils' questioning habits in Nigerian secondary
schools. International Journal of Science Education, 9, 579-584.
Bybee, R.W. (ed.) (1985a). Science-technology-society. 1985 NSTA Yearbook. Washington,
DC: National Science Teachers Association.
Bybee, R.W. (1985b). The Sisyphean question in science education: What should the
scientifically and technologically literate person know, value and do -- as a citizen? In
Bybee, R.W. (ed.), Science-technology-society. 1985 NSTA Yearbook. Washington, DC:
National Science Teachers Association.
Bybee, R.W. (1987). Science education and the science-technology-society (STS) theme.
Science Education, 71(5), 667-683.

53

Bybee, R.W., Harms, N., Ward, B., & Yager, R. (1980). Science, society, and science education.
Science Education, 64(3), 377-395.
Bybee, R.W., & Mau, T. (1986). Science and technology related to global problems: An
international survey of science educators. Journal of Research in Science Teaching, 23(7),
599-618.
Byrne, M.S., & Johnstone, A.H. (1978). Critical thinking and science education. Studies in
Higher Education, 12(3), 325-339.
Byrne, M.S., & Johnstone, A.H. (1988). How to make science relevant. School Science
Review, 70(251), 43-46.
Calderhead, J. (ed.) (1982). Exploring teachers' thinking. London: Cassell.
Cannon, S.F. (1978). Science in culture: The early Victorian period. New York: Science
History Publications.
Carlsen, W.S., Kelly, G.J., & Cunningham, C.M. (1992, March). ChemCom in sociocultural
context: Part III. Interdisciplinary analysis of a science-technology-society curriculum. A
paper presented at the annual meeting of the National Association for Research in Science
Teaching, Boston, MA.
Carson, R. (1962). Silent spring. Greenwich, Connecticut: Faucett.
Carter, C. (1991). STS and access to scientific knowledge. Theory into Practice, 30(4), 273279.
Chamberlain, P.J. (1985). Integrated science as a preparation for 'A' level physics, chemistry and
biology. Research in Science and Technological Education, 3(2), 153-158.
Chambers, D.W., & Turnbull, D. (1989). Science worlds: An integrated approach to social
studies of science teaching. Social Studies of Science, 19(2), 155-179.
Champagne, A.B., & Klopfer, L.E. (1982). A causal model of students' achievement in a college
physics course. Journal of Research in Science Teaching, 19(4), 299-309.
Champagne, A.B., & Newell, S.T. (1992). Directions for research and development: Alternative
methods of assessing scientific literacy. Journal of Research in Science Teaching, 29(8),
841-860.
Cheek, D.W. (1992a). Evaluating learning in STS education. Theory into Practice, 31(1), 64-72.
Cheek, D.W. (1992b). Experiencing the culture of science and technology through adolescent
investigations of local STS issues. In S. Hills (ed.), The history and philosophy of science in
science education, vol. 1. Kingston, Canada: Faculty of Education, Queen's University.
Cheek, D.W. (1992c). Thinking constructively about science, technology and society education.
Albany, NY: SUNY Press.

54

Chemical Education for Public Understanding. (1991). What is CEPUP? Berkeley, CA:
Lawrence Hall of Science.
Chiappetta, E.L., Sethna, G.H., & Fillman, D.A. (1991). A quantitative analysis of high school
chemistry textbooks for scientific literacy themes and expository learning aids. Journal of
Research in Science Teaching, 28(10), 939-951.
Cohen, I.B. (1960). The birth of a new physics. Garden City, NJ: Anchor Books.
Collingridge, D. (1989). Incremental decision making in technological innovations: What role
for science: Science, Technology, & Human Values, 14(2), 141-162.
Collins, H.M. (1985). Changing order: Replication and induction in scientific practice.
London: Sage.
Collins, J., & Smithers, A. (1984). Person orientation and science choice. European Journal of
Science Education, 6(1), 55-65.
Comber, L., & Keeves, J. (1973). Science education in nineteen countries. Stockholm:
Almquist and Wiksell.
Commission of the European Communities. (1977). Science and European public opinion.
Brussels: Commission of the European Communities.
Cozzens, S. (1990). The disappearing disciplines of STS. Bulletin of Science, Technology &
Society, 10(1), 1-5.
Cronin-Jones, L.L. (1991). Science teacher beliefs and their influence on curriculum
implementation: Two case studies. Journal of Research in Science Teaching, 28(3), 235250.
Cummings, W.K., Gophinathan, S., & Tomoda, Y. (eds.) (1988). The revival of values
education in Asia and the West. Oxford: Pergamon Press.
Cunningham, C.M., Carlsen, W.S., & Kelly, G.J. (1992, March). ChemCom in sociocultural
context: Part I. General curriculum analysis. A paper presented at the annual meeting of the
National Association for Research in Science Teaching, Boston, MA.
Dart, F.E., & Pradham, P.L. (1976). Cross cultural teaching in science. Science, 155, 649-656.
Dampier, W.C. (1948). A history of science. New York: Cambridge University Press.
De Vore, P.W. (1992). Technological literacy and social purpose. Theory into Practice, 31(1),
59-63.
Dickson, D. (1984). The new politics of science. New York: Pantheon Books.
Doyle, W., & Ponder, G. (1977). The practicality ethic in teacher decision making. Interchange,
8(3), 1-12.

55

Driver, R., & Oldham, V. (1986). A constructivism approach to curriculum development in
science. Studies in Science Education, 66, 623-633.
Durant, J.R., Evans, G.A., & Thomas, G.P. (1989). The public understanding of science.
Nature, 340, 11-14.
Durbin, P.T. (1991). Defining STS: Can we reach consensus? Bulletin of Science, Technology
& Society, 11(4 & 5), 187-190.
Dyrenfurth, M.J., & Kozak, M.R. (eds.) (1991). Technological literacy. 40th Yearbook Council
on Technology Teacher Education. Peoria, Il.: Macmillan/McGraw-Hill.
Ehrenreich, B., & English, D. (1978). For her own good: 150 years of the experts' advice to
women. Gardin City, NY: Doubleday, Anchor Press.
Eijkelhof, H.M.C. (1986). Dealing with acceptable risk in science education: The case of
ionizing radiation. In M.J. Frazer & A. Kornhauser (eds.), Ethics and social responsibility in
science education. Oxford: Pergamon Press.
Eijkelhof, H.M.C. (1990). Radiation and risk in physics education. Utrecht, The Netherlands:
Centre for Science and Mathematics Education, Utrecht University.
Eijkelhof, H.M.C., & Kortland, K. (1987). Physics in its personal, social and scientific context.
Bulletin of Science, Technology & Society, 7(1/2), 125-136.
Eijkelhof, H.M.C., & Kortland, K. (1988). Broadening the aims of physics education. In P.J.
Fensham (ed.), Development and dilemmas in science education. New York: Falmer Press.
Eijkelhof, H.M.C., & Lijnse, P. (1988). The role of research and development to improve STS
education: Experiences from the PLON project. International Journal of Science Education,
10(4), 464-474.
Eijkelhof, H.M.C., Klaassen, C.W.J.M., Lijnse, P.L., & Scholte, R.L.J. (1990). Perceived
incidence and importance of lay-ideas on ionizing radiation: Results of a Delphi-study
among radiation-experts. Science Education, 74(2), 183-195.
Eijkelhof, H.M.C., & Millar, R. (1988). Reading about Chernobyl: The public understanding of
radiation and radioactivity. School Science Review, 70(251), 35-41.
Eijkelhof, H.M.C., Van der Valk, A.E., & Lijnse, P.L. (1992, June). The effects of a new
teaching strategy on recognizing lay-ideas on ionizing radiation and the ability to make risk
assessments. A paper presented to the European Conference on Educational Research,
Enschede (NL).
Eiser, J.R. (1986). Social psychology. Cambridge: Cambridge University Press.
Elkana, Y., & Mendelsohn, E. (1981). Sciences and cultures, anthropological and historical
studies of the sciences. (Sociology of the Sciences Yearbook, Vol. V.) Boston: Dordrecht.

56

Erickson, G., & Erickson, L. (1984). Females and science achievement: Evidence explanation
and implications. Science Education, 68(1), 63-89.
Fee, E. (1980). Nineteenth-century craniology: The study of the female skull. Bulletin of the
History of Medicine, 53, 415-433.
Fee, E. (1981, January). Is feminism a threat to scientific objectivity? A paper presented at the
annual meeting of the American Association for the Advancement of Science, Toronto.
Fensham, P.J. (1988). Approaches to the teaching of STS in science education. International
Journal of Science Education, 10(4), 346-356.
Fensham, P.J. (1992). Science and technology. In P.W. Jackson (ed.), Handbook of research on
curriculum (pp. 789-829). New York: Macmillan Publishing Co.
Finley, F., Lawrenz, F., & Heller, P. (1992). A summary of research in science education -1990. Science Education, 76(3).
Fishbein, M. (1975). Beliefs, attitudes, intentions and behaviour: An introduction to theory and
research. Reading, MA: Addison-Wesley.
Fleming, R.W. (1986). Adolescent reasoning in socio-scientific issues. Part I. Journal of
Research in Science Teaching, 23(8), 677-688.
Fleming, R.W. (1989). Literacy for a technological age. Science Education, 73(4), 391-404.
Fourez, G. (1989). Scientific literacy, societal choices, and ideologies. In A.B. Champagne,
B.E. Lovitts & B.J. Calinger (eds.), Scientific literacy. Washington, DC: American
Association for the Advancement of Science.
Furnham, A., & Gunter, B. (1987). Young people's political knowledge. Educational Studies,
13, 91-104.
Gallagher, J.J. (1991). Prospective and practicing secondary school science teachers' knowledge
and beliefs about the philosophy of science. Science Education, 75(1), 121-133.
Gallagher, J., & Dawson, G. (eds.) (1984). Science education and cultural environments in the
Americas. Washington, DC: National Science Teachers Association.
Gauld, C. (1982). The scientific attitude and science education: A critical reappraisal. Science
Education, 66(1), 109-121.
Gay, J. & Cole, M. (1967). The new mathematics and an old culture: A study of learning among
the Kpelle of Liberia. New York: Holt, Rinehard and Winston.
George, J.M., & Glasgow, J. (1987, December). Street science in two Carribean territories:
Implications for teaching towards common science syllabi. A paper presented at the Second
Regional Consultation on Science Education in Latin America and the Caribbean, Kingston,
Jamaica.

57

Gibbs, J., Arnold, L., & Burkhart, J. (1984). Sex differences in the expression of moral
judgement. Child Development, (55), 1040-1043.
Gilligan, C. (1983). In a different voice. Cambridge, MA: Harvard University Press.
Gilliom, M.E., Helgeson, S.L., & Zuga, K.F. (guest eds.) (1991). Theory into Practice (special
issue on STS), 30(4).
Gilliom, M.E., Helgeson, S.L., & Zuga, K.F. (guest eds.) (1992). Theory into Practice (special
issue on STS), 31(1).
Glaser, B.G. (1969). The constant comparative method of qualitative analysis. In G.J. McCall &
J.L. Simmons (eds.), Issues in participant observation: A text and reader. Reading, MA:
Addison-Wesley.
Glasser, R. (1991). The maturing of the relationship between the science of learning and
cognition and educational practice. Learning and Instruction, 1, 129-144.
Globe and Mail (editorial). (1983, March 2). Political science. The Globe and Mail (Toronto,
Canada), p. 6.
Grant, M. (1987). Changing the polarity. International Journal of Science Education, 9(3), 335342.
Grosvenor, G. (1988). Pandas in Panama? National Geographic, 174(5), President's page.
Hager, W.R., & Von Braun, M. (1989). Motivating minority and disadvantaged students in
science and mathematics: Idaho summer camp. In Pre-College education of minorities in
science and engineering: Conference proceedings. Newark, NJ: New Jersey Institute of
Technology.
Hall, W. (1973). Patterns teacher's handbook. London: Longman.
Haraway, D. (1978). Animal sociology and the natural economy of the body politic. Parts I and
II. Signs: Journal of Women in Culture and Society, 4(1), 21-60.
Haraway, D. (1990). Primate visions. New York: Reidel.
Harding, J. (1983). Switched-off: The science education of girls. London: Longman for the
Schools Council.
Harding, J.M., Kelly, P.J., & Nicodemus, R.B. (1976). The study of curriculum change. Studies
in Science Education, 3, 1-32.
Harding, S. (1991). Whose science? Whose knowledge?: Thinking from women's lives.
Ithaca, NY: Cornell University Press.
Harré, R. (1983). Personal being. Oxford: Blackwell.
Harrison, G.B. (1980). The role of technology in science education. In C. McFadden (ed.),
World trends in science education. Halifax, Canada: Atlantic Institute of Education.

58

Hart, E.P. (1989). Toward renewal of science education: A case study of curriculum policy
development. Science Education, 73(5), 607-634.
Hart, E.P., & Robottom, I.M. (1990). The science-technology-movement in science education:
A critique of the reform process. Journal of Research in Science Teaching, 27(6), 575-588.
Hartsock, N. (1983). The feminist standpoint. In S. Harding & M. Hintikka (eds.), Discovering
reality. New York: Reidel.
Haste, H. (1993). Moral creativity and education for citizenship. Creativity Research Journal, 6,
(in press).
Head, J. (1985). The personal response to science. Cambridge: Cambridge University Press.
Head, J., & Ramsden, J. (1990). Gender, psychological type and science. International Journal
of Science Education, 12(1), 115-121.
Hines, J., Hungerford, H., & Tomera, A. (1987). Analysis and synthesis of research on
responsible environmental behaviour. Journal of Environmental Education, 18(1), 1-8.
Hodge, B., & Tripp, D. (1986). Children and television. Cambridge: Polity Press.
Hofstein, A., Aikenhead, G., & Riquarts, K. (1988). Discussions over STS at the fourth IOSTE
symposium. International Journal of Science Education, 10(4), 357-366.
Holman, J. (1986). Science and technology in society: General guide for teachers. Hatfield,
Herts, U.K.: The Association for Science Education.
Holton, G. (1978). The scientific imagination: Case studies. Cambridge: Cambridge University
Press.
Holton, G., Rutherford, J., & Watson, F. (1970). The Project Physics Course. New York: Holt,
Rinehart & Winston.
Horton, R. (1970). African traditional thought and western science. In B. Wilson (ed.),
Rationality. Oxford: Blackwell.
Horton, R. (1971). African traditional thought and western science. In M.F.E. Young (ed.),
Knowledge and control: New directions for sociology of education. London: CollierMacmillan.
Hueftle, J.S., Rakow, S.J., & Welch, W.W. (1983). Images of science. Minneapolis, MN:
Minnesota Research and Evaluation Center, University of Minnesota.
Hunt, J.A. (1988). SATIS approaches to STS. International Journal of Science Education,
10(4), 409-420.
Hunt, J.A., & Lenton, G. (1992). SATIS 16-19 on trial in the U.K. In R.E. Yager (ed.), Status of
STS: Reform efforts around the world. 1992 ICASE Yearbook. Knapp Hill, South Harting,
Petersfield GU31 5LR, U.K.: ICASE.

59

Hurd, P. (1971). New directions in teaching secondary school science. Chicago: Rand
McNally.
Hurd, P. (1986). Perspectives for the reform of science education. Phi Delta Kappan, 67(5),
353-358.
Hurd, P. (1989). Science education and the nation's economy. In A.B. Champagne, B.E. Lovitts
& B.J. Calinger (eds.), Scientific literacy. Washington, DC: American Association for the
Advancement of Science.
Iozzi, L. (1979). Moral judgment, verbal ability, logical reasoning ability, and environment
issues. Unpublished doctoral dissertation, Rutgers University, New Jersey.
Iozzi, L. (1984). Summary of research in environmental education. Monographs in
Environmental Education and Environmental Studies. ERIC Clearing-house of Science
Mathematics and Environmental Education. Columbus, Ohio: Ohio State University.
Jacobson, J.F. (1983). When scientists testify for hire. Science 83, 4(6), 18.
Jegede, O.J. (1988). The development of the science, technology and society curricula in
Nigeria. International Journal of Science Education, 10(4), 399-408.
Jegede, O.J., & Fraser, B.J. (1989). Influence of socio-cultural factors on secondary school
students attitude towards science. Research in Science Education, 19, 155-163.
Jegede, O.J., & Okebukola, P.A.O. (1988). The educology of socio-cultural factors in science
classrooms. International Journal of Educology, 2(2), 93-107.
Jegede, O.J., & Okebukola, P.A.O. (1989). Some socio-cultural factors militating against drift
towards science and technology in secondary schools. Research in Science and
Technological Education, 7(2), 141-151.
Jegede, O.J., & Okebukola, P.A.O. (1990). The relationship between African traditional
cosmology and student's acquisition of a science process skill. International Journal of
Science Education, 12(1), 37-47.
Jegede, O.J., & Okebukola, P.A.O. (1991). The effect of instruction on socio-cultural beliefs
hindering the learning of science. Journal of Research in Science Teaching, 28(3), 275-285.
Jegede, O.J., & Okebukola, P.A.O. (1993). Measuring the effects of socio-cultural factors in
non-western science classrooms. The Hong Kong Journal of Educational Research, (in
press).
Jenkins, E. (1990, April). Domestic energy and the elderly: The understanding of energy. A
paper given at the Public Understanding of Science conference, Science Museum, London.
Jesuitas, P.P. (1988). Science and technology for living. In D. Layton (ed.), Innovations in
science and technology education. Vol. II. Paris: UNESCO.

60

Johnson, S., & Murphy, P. (1986). The underachievement of girls in physics: Towards
explanations. European Journal of Science Education, 8(4), 401-411.
Jörg, T., & Wubbels, Th. (1987). Physics a problem for girls, or girls a problem for physics?
International Journal of Science Education, 9(3), 297-307.
Kahle, J.B. (1987). SCORES: A project for change? International Journal of Science
Education, 9(3), 325-333.
Kahle, J.B. (1988). Gender and science education II. In P.J. Fensham (ed.), Development and
dilemmas in science education. New York: Falmer Press.
Keeves, L.P. (1990, June). Science education: Towards the future. A paper presented at the
First Major STS Conference in South America, the Ministry of Education, Brasilia, Brazil.
Keller, E.F. (1977). The anomaly of a woman in physics. In S. Ruddick & P. Daniels (eds.),
Working it out: 23 women, writers, scientists and scholars talk about their lives. New York:
Pantheon Books.
Keller, E.F. (1985). Reflections on gender and science. New Haven, CN: Yale University
Press.
Kelly, A. (1981). The missing half: Girls and science. Manchester: Manchester University
Press.
Kelly, G.J., Carlsen, W.S., & Cunningham, C.M. (1993). Science education in sociocultural
context: Perspectives from the sociology of science. Science Education, 77(2), 207-220.
Kelly, P. (1991). Perceptions and performance: An impact assessment of CEPUP in schools.
Lawrence Hall of Science, Berkeley: Chemical Education for Public Understanding Program
(CEPUP).
Klopfer, L.E. (1966). History of science cases. Chicago: Science Research Associates.
Klopfer, L.E., & Cooley, W.W. (1963). "The History of Science Cases" for high school in the
development of student understanding of science and scientists. Journal of Research in
Science Teaching, 1(1), 33-47.
Knamiller, G. (1989). Linking school science and technology with school science in Malawi.
Science Education Newsletter, (84), 1-3.
Kohlberg, L. (1984). Child psychology and childhood education. New York: Longman.
Kohlberg, L., & Candee, D. (1984). The relationship of moral judgement to moral action. In L.
Kohlberg (ed.), Essays on moral development, Vol. 2. San Francisco: Harper and Row.
Kortland, K. (1992). Environmental education: Sustainable development and decision making.
In R.E. Yager (ed.), The status of STS: Reform efforts around the world. ICASE 1992
Yearbook. Knapp Hill, South Harting, Petersfield GU31 5LR, U.K.: International Council
of Associations for Science Education.

61

Kranzberg, M. (1991). Science-technology-society: It's as simple as XYZ! Theory in Practice,
30(4), 234-241.
Kuhn, T. (1970). The structure of scientific revolutions (2nd ed.). Chicago: University of
Chicago Press.
Lakatos, I. (1970). Falsification and the methodology of scientific research programmes. In I.
Lakatos & A. Musgrave (eds.), Criticism and the growth of knowledge. Cambridge:
Cambridge University Press.
Lambert, H., & Rose, H. (1990, April). Disembodied knowledge? Making sense of medical
knowledge. A paper given at the Public Understanding of Science conference, London
Science Museum.
Larochelle, M., & Désautels, J. (1991). "Of course, it's obvious": Adolescents' ideas of
scientific knowledge. International Journal of Science Education, 13(4), 373-389.
Latour, B., & Woolgar, S. (1979). Laboratory life: The social construction of scientific facts.
London: Sage.
Layton, D. (1986). Empowerment of people: The educational challenge of science for specific
social purposes (SSSP). Bulletin of Science, Technology & Society, 6(2/3), 210-218.
Layton, D. (1988). Revaluing the T in STS. International Journal of Science Education, 10(4),
367-378.
Layton, D. (1991). Science education and praxis: The relationship of school science to practical
action. Studies in Science Education, 19, 43-79.
Layton, D. (ed.) (1993a). Innovations in science and technology education. Vol. V. Paris:
UNESCO.
Layton, D. (1993b). Technology's challenge to science education. Buckingham, U.K.: Open
University Press.
Layton, D., Davey, A., & Jenkins, E. (1986). Science for specific social purpose (SSSP):
Perspectives on adult scientific literacy. Studies in Science Education, 13, 27-52.
Lederman, N.G. (1992). Students' and teachers' conceptions of the nature of science: A review
of the research. Journal of Research in Science Teaching, 29(4), 331-359.
Leopold, A. (1949). A sand county almanac. Oxford: Oxford University Press.
Lepkrowski, W. (1989). Scholars ponder the goals of science, technology and society programs.
Chemical & Engineering News, 67(12), 14-15.
Lewis, J. (1978). Teaching the relevance of science for society. In J. Lewis & P.J. Kelly (eds.),
Science and technology education and future human needs. London: Pergamon.
Lewis, J. (Proj. Dir.). (1981). Science in society. London: Heinemann Educational Books.

62

Lewis, J. (1985). Science and society. In G.B. Harrison (ed.), World trends in science and
technology education. Nottingham: Trent Polytechnic.
Lijnse, P. (1990). Energy between the life-world of pupils and the world of physics. Science
Education, 74(5), 571-583.
Lijnse, P.L., Eijkelhof, H.M.C., Klaassen, C.W.J.M., & Scholte, R.L.J. (1990). Pupils' and massmedia ideas about radioactivity. International Journal of Science Education, 12(1), 67-78.
Lloyd, A. (1990, August 28). A discovery that came too late. The Independent (U.K.), p. 19.
Lloyd, A., & Hall, C. (1990, August 28). Breakthrough in gene defects gives hope to children.
The Independent (U.K.), p. 3.
Longino, H. (1990). Science as social knowledge: Values and objectivity in scientific inquiry.
Princeton, NJ: Princeton University Press.
Lovelock, J. (1979). Gaia: A new look at life on earth. Oxford: Oxford University Press.
Lucas, A.M. (1983). Scientific literacy and informal education. Studies in Science Education,
10, 1-36.
Lucas, A.M. (1985). Who needs to know what about weather? In J.M. Walker (ed.), Weather
education: Proceedings of the first international conference on school and popular
meteorological education. Bracknell, U.K.: Royal Meteorological Society.
Lucas, A.M. (1987a). Public knowledge of biology. Journal of Biological Education, 21, 41-45.
Lucas, A.M. (1987b). Public knowledge of radiation. Biologist, 34, 125-129.
Lucas, A.M. (1987c). Interactions between formal and informal sources of learning science. In
D. Evered and M. OConnor (eds.), Communicating science to the public. Chichester, U.K.:
Wiley, Ciba Foundation Conference.
Lucas, A.M. (1988). Public knowledge of elementary physics. Physics Education, 23, 10-16.
Lucas, A.M. (1989). Public understanding of science and the "official" English model of
science. In D.E. Herget (ed.), The history and philosophy of science in science teaching.
Tallahasee, U.S.A.: Science Education and Department of Philosophy, Florida State
University.
Lucas, A.M. (1991). `Info-tainment' and informal sources for learning science. International
Journal of Science Education, 13(4), 495-504.
Lucas, A.M., McManus, P.M., & Thomas, G. (1986). Investigating learning from informal
sources: Listening to conversations and observing play in science museums. European
Journal of Science Education, 8(4), 341-352.
Macgill, S. (1987). The politics of anxiety. London: Pion.
MacIntyre, A. (1985). After virtue: A study in moral theory. (2nd ed.) London: Duckworth.

63

Macoby, E., & Jacklin, C. (1975). The psychology of sex differences. London: Wiley.
Maddock, M.N. (1981). Science education: An anthropological view-point. Studies in Science
Education, 8, 1-26.
Majumdar, S.K., Rosenfeld, L.M., Rubba, P.A., Miller, E.W., & Schmalz, R.F. (eds.) (1991).
Science education in the United States: Issues, crises and priorities. Easton, PA: The
Pennsylvania Academy of Science.
Malcolm, C.K., Cole, J., Hogendoorn, B., O'Keefe, D., & Reid, I. (1987). The science
framework P-10. Melbourne, Victoria: Ministry of Education (Schools Division).
Malinowski, B. (1948). Magic, science and religion. Boston: Beacon.
Marks Greenfield, P. (1984). Mind and media. London: Fontana.
Matthews, M.R. (1990). History, philosophy and scinece teaching: A rapprochement. Studies in
Science Education, 18, 25-51.
Mbiti, J.S. (1969). African religion and philosophy. London: Heinermann.
McCammon, S., Golden, J., & Wuensch, K.L. (1988). Predicting course performance in
freshman and sophomore physics courses: Women are more predictable than men. Journal
of Research in Science Teaching, 25(6), 501-510.
McConnell, M.C. (1982). Teaching about science, technology and society at the secondary
school level in the United States: An educational dilemma for the 1980s. Studies in Science
Education, 9, 1-32.
McCormack, M.N., & Yager, R.E. (1989). A new taxonomy of science education. The Science
Teacher, 56(2), 47-48.
McGinn, R.E. (1991). Science, technology, and society. Englecliffs, NJ: Prentice Hall.
McManus, P.M. (1988). Do you get my meaning? Perception, ambiguity and the museum
visitor. ILVS Review, 1, 62-75.
McPeck, J.E. (1981). Critical thinking and education. Oxford: Martin Robertson Press.
McQuail, D. (1984). Communication. Harlow, U.K.: Longman.
Meadows, D.H., Meadows, D.L., Randers, J., & Behrens, W.W. (1972). The limits to growth.
Washington, DC: Potomac Associates.
Mendelsohn, E. (1975a). Contemporary problems of science. Hyattsville, Maryland, U.S.A.:
Current Information Associates (P.O. Box 23).
Mendelsohn, E. (1975b). Science in the 19th century. Hyattsville, Maryland, U.S.A.: Current
Information Associates (P.O. Box 23).

64

Mendelsohn, E. (1975c). The emergence of modern science. Hyattsville, Maryland, U.S.A.:
Current Information Associates (P.O. Box 23).
Mendelsohn, E. (1976). Values and science: A critical reassessment. The Science Teacher,
43(1), 20-23.
Merton, R. (1942). Science and technology in a democratic order. Journal of Legal and Political
Sociology, 1, 115-126.
Mesaros, R.A. (1988). The effect of teaching strategies on the acquisition and retention of
knowledge. (Doctoral dissertation, University of Pennsylvania, 1987). Dissertation
Abstracts International, 49(2), 229-A.
Meyers, H.M. (1992). STS and science concepts. In R.E. Yager (ed.), The status of STS:
Reform efforts around the world. ICASE 1992 Yearbook. Knapp Hill, South Harting,
Petersfield GU31 5LR, U.K.: International Council of Associations for Science Education.
Michael, M. (1992). Lay discourses of science: Science-in-general, science-in-particular and
self. Science, Technology & Human Values, 17(3), 313-333.
Middleton, W.E.K. (1963). The scientific revolution. Toronto: Canadian Broadcasting
Corporation.
Middleton, J., Ziderman, A., & Van Adams, A. (1991). Vocational and technical education and
training. A World Bank Policy Paper. Washington, DC: World Bank.
Millar, R., & Wynne, B. (1988). Public understanding of science: From contents to processes.
International Journal of Science Education, 10(4), 388-398.
Miller, J.D. (1983). Scientific literacy: A conceptual and empirical review. Daedalus, 96(1),
29-48.
Miller, J. (1989). Who is scientifically literate? A paper presented to the AAAS Science
Education Forum, American Association for the Advancement of Science, Washington, DC,
October.
Mitschke, V.J. (1993). Teacher practical knowledge: Teachers' reasons for selecting
instructional methods. Unpublished M.Ed. Dissertation, University of Saskatchewan,
Saskatoon, Canada.
Moore, J.H. (1991). Science education, the national economy, and international competitiveness.
In S.K. Majumdar, L.M. Rosenfeld, P.A. Rubba, E.W. Miller & R.F. Schmalz (eds.), Science
education in the United States. Easton, PA: The Pennsylvania Academy of Science.
Moscovici, S. (1976). Social influence and social change. London: Academic Press.
Mukund, K. (1988). The Hoshangabad science teaching programme, Economic and Political
Weekly, (Oct. 15), 2147-2150.
Mulkay, M. (1975). Norms and ideology in science. Social Science Information, 15, 637-656.

65

Murphy, P. (1990). Gender gap in the national curriculum. Physics World, (January), 11-12.
National Science Board. (1988). Science indicators. Washington, DC: Government Printing
Office.
National Science Foundation. (1983). Educating Americans for the 21st century. Washington,
DC: National Science Board.
National Science Foundation (NSF). (1990). NSF to support statewide reforms in science, math,
and engineering education. NSF Directions, 3(3), 1.
National Science Teachers Association (NSTA). (1982). Science-technology-society: Science
education for the 1980s (NSTA Position Statement). Washington, DC: National Science
Teachers Association.
National Science Teachers Association (NSTA). (1990). Position paper on STS. Bulletin of
Science, Technology & Society, 10(5 & 6), 249-250.
National Science Teachers Association (NSTA). (1991). NSTA position statement: Laboratory
science. NSTA Reports. (Oct/Nov).
Nganunu, M. (1988). An attempt to write a science curriculum with social relevance for
Botswana. International Journal of Science Education, 10(4), 441-448.
Northern Examination Board. (1988). Science, technology and society: Syllabus for the 1988
GCSE examination. Manchester (12 Harter Street), U.K.: Associated Lancashire Schools
Examining Board.
Nuffield Physics, (1967). Teachers' guide IV. London: Longman.
Nuffield Secondary Science. (1971). Teachers' guide. London: Longman.
Nuffield Modular Sciences (1992-93). Pathways through science. (A series of 13 modules).
London: Longman.
Odhiambo, T.R. (1972). Understanding of science: The impact of the African view of nature.
In P.G.S. Gilbert & M.N. Lovegrove (eds.), Science education in Africa. London:
Heinemann.
Ogawa, M. (1989). Family-based STS education: A new approach. Bulletin of Science,
Technology & Society, 9(4), 239-244.
Ogbu, J.U. (1992). Understanding cultural diversity and learning. Educational Researcher,
21(8), 5-14, 24.
Ogden, W.R. (1975). Secondary school chemistry teaching, 1918-1972: Objectives as stated in
periodical literature. Journal of Research in Science Teaching, 12(3), 235-246.
Ogunniyi, M.B. (1988a). Adapting western science to traditional African culture. International
Journal of Science Education, 10(1), 1-9.

66

Ogunniyi, M.B. (1988b, September). Sustaining students' interests in science and technology:
The socio-cultural factors. A lead paper presented at the 29th Annual Conference of the
Science Teachers' Association of Nigeria, Ibadan.
Okebukola, P.A.O., & Jegede, O.J. (1990). Eco-cultural influences on students' concept
attainment in science. Journal of Research in Science Teaching, 27(7), 661-669.
Olson, J. (ed.) (1982). Innovation in the science curriculum. London: Croom Helm.
Oppenheimer, F. (1985). Teaching and learning. Exploratorium, 9, 8-9.
Orpwood, G. (1985). Toward the renewal of Canadian science education. I. Deliberative
inquiry model. Science Education, 69(4), 477-489.
Oxford University Department of Educational Studies. (1989). Enquiry into the attitudes of
sixth-formers towards choice of science and technology courses in higher education. Oxford,
U.K.: Department of Educational Studies.
Paden, R. (1992). Nature and morality. Environmental Ethics, 14(3), 239-251.
Passmore, J. (1974). Man's responsibility for nature. London: Duckworth.
Peaker, C. (1967). Children and their primary school. The Plowden Committee Report.
London: HMSO.
Pedersen, J.E. (1992). The jurisprudential model of study for STS issues. In R.E. Yager (ed.),
The status of STS: Reform efforts around the world. ICASE 1992 Yearbook. Knapp Hill,
South Harting, Petersfield GU31 5LR, U.K.: International Council of Associations for
Science Education.
Pell, A. (1985). Enjoyment and attainment in secondary school physics. British Education
Research Journal, 11(2), 123-132.
Penick, J.E. (1992). STS instruction enhances student creativity. In R.E. Yager (ed.), The status
of STS: Reform efforts around the world. ICASE 1992 Yearbook. Knapp Hill, South
Harting, Petersfield GU31 5LR, U.K.: International Council of Associations for Science
Education.
Piel, E.P. (1981). Interaction of science, technology, and society in secondary schools. In N.
Harms & R. Yager (eds.), What research says to the science teacher, Volume 3. Washington,
DC: National Science Teachers Association.
Piel, J.E. (1993). Decision making: A goal of STS. In R.E. Yager (ed.), The science,
technology, society movement. Washington, DC: National Science Teachers Association.
Pinch, T.J. (1992). Opening black boxes: Science, technology and society. Social Studies of
Science, 22(3), 487-510.

67

PLON (1984). Ioniserende Straling. Utrecht: Rijksuniversiteit Utrecht, Vakgroep NatuurkundeDidactiek. English version (1988): Ionizing Radiation. Melbourne: Monash University,
Faculty of Education.
Popper, K.R. (1959). The logic of scientific discovery. New York: Harper & Row.
Popper, K.R. (1963). Conjectures and refutations: The growth of scientific knowledge.
London: Routledge and Kegan Paul.
Posner, G.J. (1992). Analyzing the curriculum. New York: McGraw Hill.
Price, D. (1963). Little science, big science. New York: Columbia University Press.
Rampal, A. (1991). Deliverance from the 'delivery' metaphor: Curriculum innovation in India.
Journal of Education for Teaching, 17(3), 237-244.
Rampal, A. (1992a). A possible 'orality' for science? Interchange, 23(3), 227-244.
Rampal, A. (1992b). School science in search of a democratic order? Social Scientist, 20(7/8),
50-74.
Rampal, A. (1992c). The image of science and scientists: A study of school teachers' views. I.
Characteristics of scientists. Science Education, 76(4), 415-436.
Ramsay, J. (1993). The science education reform movement: Implications for social
responsibility. Science Education, 72(2), 235-258.
Ramsden, J.M. (1992). If it's enjoyable, is it science? Science Science Review, 73(265), 65-71.
Ravetz, J.R. (1971). Scientific knowledge and its social problems. New York: Oxford
University Press.
Rawls, J. (1971). A theory of justice. Cambridge, MA: Harvard University Press.
Razali, S. (1986). Comparison of perceptions of the importance of high school chemistry among
various instructors and students in the United States and Malaysia. Unpublished doctoral
dissertation, The University of Iowa.
Riesch, W., & Westphal, W. (1975). Modellhafte schülervorstellungen zur ausbreitung
radioaktiver strahlung. Der Physikunterricht, 9(4), 75-85.
Roberts, D.A. (1980). Theory, curriculum development, and the unique events of practice. In H.
Munby, G. Orpwood & T. Russell (eds.), Seeing curriculum in a new light: Essays from
science education. Toronto: OISE Press
Roberts, D.A. (1983). Scientific literacy. Ottawa: Science Council of Canada.
Roberts, D.A. (1988). What counts as science education? In P.J. Fensham (ed.), Development
and dilemmas in science education. New York: Falmer Press.
Roberts, H. (ed.) (1981). Feminist methodology. London: Routledge and Kegan Paul.

68

Roeder, J.L. (editor-in-chief) (1993). Teachers Clearinghouse Newsletter. 1 West 88 St, New
York, 10024.
Rose, H. (1979). Hyper-reflexivity: A new danger for the countermovements. In H. Nowotny
& H. Rose (eds.), Countermovements in the sciences: Sociology of science yearbook.
Dordrecht: Reidel.
Rose, H. (in press). Love, power and knowledge: Feminist science criticism and feminist
science theory. Cambridge: Polity.
Rose, H., & Rose, S. (1979). The myth of the neutrality of science. In R. Arditti, P. Brennan &
S. Cavrak (eds.), Science and liberation. Boston: South End Press.
Rosenthal, D.B. (1989). Two approaches to STS education. Science Education, 73(5), 581-589.
Roszak, T. (1972). Where the wasteland ends. London: Faber and Faber.
Roth, W-M., & Roychoudhury, A. (1993). The nature of scientific knowledge, knowing, and
learning: The perspectives of four physics students. International Journal of Science
Education, 15 (in press).
Roy, R. (1988). S-STS project final report (NSF #SPE-8317984). Washington, DC:
National Science Foundation.
Roy, R., & Barchi, B. (1990). National STS network final report (NSF # TPE-8751239).
Washington, DC: National Science Foundation.
Rubba, P.A. (1987a). Perspectives on science-technology-society instruction. School Science
and Mathematics, 87(3), 181-185.
Rubba, P.A. (1987b). The current state of research in precollege STS education: A position
paper. Bulletin of Science, Technology & Society, 7(1/2), 248-252.
Rubba, P.A. (1991). Integrating STS into school science and teacher education: Beyond
awareness. Theory into Practice, 30(4), 303-308.
Rubba, P.A., McGuyer, M., & Wahlund, T.M. (1991). The effect of infusing STS vignettes into
the genetics unit of biology on learner outcomes in STS and genetics. Journal of Research in
Science Teaching, 28(6), 537-552.
Rubba, P.A., & Wiesenmayer, R.L. (1985a). A goal structure for precollege STS education: A
proposal based upon recent literature in environmental education. Bulletin of Science,
Technology & Society, 5(6), 573-580.
Rubba, P.A., & Wiesenmayer, R.L. (1985b). The implications of recent research in
environmental education for Science-Technology-Society. Bulletin of Science, Technology
& Society, 5(6), 573-580.
Runciman, W.G. (1989). A treatise on social theory. Cambridge: Cambridge University Press.

69

Rutherford, F.J. (1988). STS ... Here today and ... ? Bulletin of Science, Technology & Society,
8(2), 126-127.
Ryan, A.G., & Aikenhead, G.S. (1992). Students' preconceptions about the epistemology of
science. Science Education, 76(6), 559-580.
Salomon, J-J. (1973). Science and politics. London: Macmillan Press.
Sayre, A. (1975). Rosalind Franklin and DNA: A vivid view of what it is like to be a gifted
woman in an especially male profession. New York: W.W. Norton.
School Council Integrated Science Project. (1973). Patterns. London: Longman.
Schutz, A., & Luckmann, T. (1973). Structures of the life world. London: Heinemann.
Schwab, J.J. (1974). Decision and choice: The coming duty of science teaching. Journal of
Research in Science Teaching, 11(4), 309-317.
Schwab, J.J. (1978). Science, curriculum, and liberal education. Chicago: University of
Chicago Press.
Science Council of Canada. (1984). Science for every student: Educating Canadians for
tomorrow's world (Report No. 36). Ottawa, Canada: Science Council of Canada.
Science Field of Study Committee. (1989). Chemistry in the science field. Melbourne, Victoria:
Victorian Curriculum and Assessment Board.
Science Through STS Project. (1985). Task force establishes materials review process. S-STS
Reporter, 1(3), 5-6.
Science Through STS Project. (1986). A one-year course in STS. S-STS Reporter, 2(4), 7-21.
Secretary's Commission on Achieving Necessary Skills (SCANS). (1991). What work
requires of schools. Washington, DC: U.S. Government Printing Office.
SEPUP Annual Report (1992). Science education for public understanding program. Lawrence
Hall of Science, Berkeley: University of California at Berkeley.
Shapiro, B.L. (1989). What children bring to light: Giving high status to learners' views and
actions in science. Science Education, 73(6), 711-733.
Shipman, M.D. (1972). Contrasting views of a curriculum project. Journal of Curriculum
Studies, 4(2), 145-153.
Shymansky, J.A., Hedges, L.V., & Woodworth, G. (1990). A reassessment of inquiry-bases
science curricula of the 60's on student performance. Journal of Research in Science
Teaching, 27(2), 127-144.
Silverstone, R. (1985). Framing science: The making of a BBC documentary. London: British
Film Institute.

70

Sjφberg, S., & Imsen, G. (1988). Gender and science education. I. In P.J. Fensham (ed.),
Development and dilemmas in science education. New York: Falmer Press.
Skilbeck, M. (1984). School-based curriculum development. London: Harper.
Smail, B. (1984). Girl-friendly science: Avoiding sex bias in the curriculum. London:
Longman for the Schools Council.
Snow, R.E. (1987). Core concepts for science and technology literacy. Bulletin of Science,
Technology & Society, 7(5/6), 720-729.
Solomon, J. (1981). Science and society studies in the curriculum. School Science Review,
(82), 213-220.
Solomon, J. (1983). Science in a social context (SISCON)-in-schools. Oxford: Basil Blackwell.
Solomon, J. (1984). Prompts, cues and discrimination: The utilization of two separate
knowledge systems. European Journal of Science Education, 6(3), 277-284.
Solomon, J. (1985). Learning and evaluation: A study of school children's views on the
social uses of energy. Social Studies of Science, 15(2), 343-371.
Solomon, J. (1987). Social influences on the construction of pupil's understanding of science.
Studies in Science Education, 14, 63-82.
Solomon, J. (1988a). Science technology and society courses: Tools for thinking about social
issues. International Journal of Science Education, 10(4), 379-387.
Solomon, J. (1988b). The dilemma of science, technology and society education. In P.J.
Fensham (ed.), Development and dilemmas in science education. New York: Falmer Press.
Solomon, J. (1989). The social construction of school science. In R. Millar (ed.), Doing science:
Images of science in science education. New York: Falmer Press.
Solomon, J. (1991). Exploring the nature of science. London: Blackie & Son.
Solomon, J. (1992a). Getting to know about energy. London: Falmer Press.
Solomon, J. (1992b). How does society decide? Hatfield, Herts, U.K.: The Association for
Science Education.
Solomon, J. (1992c). The classroom discussion of science-based social issues presented on
television: Knowledge, attitudes and values. International Journal of Science Education,
14(4), 431-444.
Solomon, J. (1992d). What is science? Hatfield, Herts, U.K.: The Association for Science
Education.
Solomon, J. (1992e). What is technology? Hatfield, Herts, U.K.: The Association for Science
Education.

71

Solomon, J. (1993). Teaching science, technology and society. Buckingham, U.K.: Open
University Press.
Solomon, J., Duveen, J., Scot, L., & McCarthy, S. (1992). Teaching about the nature of science
through history: Action research in the classroom. Journal of Research in Science Teaching,
29(4), 409-421.
Solomon, J., & Harrison, H. (1991). Talking about science based issues: Do boys and girls
differ? British Educational Research Journal, 17 (3), 283-294.
Spector, R.S., & Gibson, C.W. (1991). A qualitative study of middle school students' perception
of factors facilitating learning of science: Grounded theory and existing practice. Journal of
Research in Science Teaching, 28(2), 111-121.
Spiegel-Rösing, I. (1977). The study of science, technology and society (SSTS): Recent trends
and future challenges. In I. Spiegel-Rösing & D. Price (eds.), Science, technology and
society: A cross-disciplinary perspective. London: Sage Publications.
Stanley, J.C., & Stanley, B.S. (1986). High school biology, chemistry, or physics learned well in
three weeks. Journal of Research in Science Teaching, 23(3), 237-250.
Stéhélin, L. (1976). Sciences, women and ideology. In H. Rose & S. Rose (eds.), The
radicalisation of science. London: Macmillan.
Strauss, A.L. (1987). Qualitative analysis for social scientists. Cambridge: Cambridge
University Press.
Strike, K., & Posner, G. (1982). Conceptual change and science teaching. European Journal of
Science Education, 4(3), 231-240.
Stuart, T.C. (1977). A comparison of high school and college chemistry courses in New Mexico.
Journal of Chemical Education, 54, 373-374.
Susilo, H. (1976). A comparison of perceptions of the importance of high school biology among
various instructors and students in the United States and Indonesia. Unpublished doctoral
dissertation. The University of Iowa.
Sutton, C. (1992). Words, science and learning. Buckingham: Open University Press.
Tanaka, J., & Taigen, J. (1986, July/August). Predictability of college chemistry grades based on
high school variables. A paper presented at the 9th Biennial Conference on Chemical
Education, Montana State University, Bozeman, MT.
Taylor, P. (1986). Respect for nature. Princeton, N.J.: Princeton University Press.
Thatcher, M. (1971, November). The essentials of a good education in a technological age. The
Seventeenth Annual Ford Lecture to Youth. Royal Festival Hall, London.
Thier, H.D. (1991). 4-2-1 CEPUP Fellows. Lawrence Hall of Science, Berkeley: University of
California at Berkeley.

72

Thier, H.D., & Hill, T. (1988). Chemical education in schools and the community: The CEPUP
project. International Journal of Science Education, 10(4), 421-430.
Thomas, P.A. (1985). Teaching rational argument skills in the context of science-related world
problems. Unpublished M.Ed. dissertation, University of Saskatchewan, Saskatoon, Canada.
Thomson, T.E. (1975). A survey of the status and needs opinion of science education in Oregon
during the 1973-74 school year. Unpublished doctoral dissertation, Oregon State University.
Tobias, S. (1990). They're not dumb, they're different. Tuscon, Arizona: Research Corporation.
Tulley, A. (1990). Seeing through the name. International Journal of Museum Management and
Curatorship, 9, 53-62.
UNESCO. (1993). Project 2000+: An international project on scientific and technological
literacy for all. Paris: UNESCO.
Urevbu, A.O. (1987a). School science in West Africa: An assessment of the pedagogical impact
of third world investment. International Journal of Science Education, 9(1), 3-12.
Urevbu, A.O. (1987b). Cross-cultural teaching of the interaction of science: An African
perspective. In I. Lowe (ed.), Teaching the interactions of science, technology and society.
Melbourne: Longman Cheshire Pty. Ltd.
UYSEG. (1991). Salters' science. York, U.K.: University of York Science Education Group
(UYSEG).
Varella, G.F. (1992). Greater ability to apply concepts using an STS approach to teaching
science. In R.E. Yager (ed.), The status of STS: Reform efforts around the world. ICASE
1992 Yearbook. Knapp Hill, South Harting, Petersfield GU31 5LR, U.K.: International
Council of Associations for Science Education.
Visavateeranon, S., & Finley, F.N. (1993, April). Effect of research experiences on teachers'
perceptions of the nature of science. A paper presented to the annual meeting of the National
Association of Research in Science Teaching, Atlanta, GA, U.S.A.
Vygotsky, L.S. (1978). Mind in society: The development of higher psychological processes.
Cambridge, MA: Harvard University Press.
Waks, L.J. (1987a). A technological literacy credo. Bulletin of Science, Technology & Society,
7(1/2), 357-366.
Waks, L.J. (1987b). Afterword: The STS prophets and their challenge to STS education.
Bulletin of Science, Technology & Society, 7(5/6), 1001-1008.
Waks, L.J., & Prakash, M.S. (1985). STS education and its three step-sisters. Bulletin of
Science, Technology & Society, 5(2), 105-116.
Walberg, H.J. (1991). Improving school science in advanced and developing countries.
Review of Educational Research, 61(1), 25-69.

73

Wallsgrove, R. (1980). The masculine face of science. In Brighton Women and Science Group
(ed.), Alice through the looking glass. London: Virago.
Weart, S.R. (1988). Nuclear fear: A history of images. Cambridge, Mass: Harvard University
Press.
Weisstein, N. (1977). Adventures of a woman in science. In S. Ruddick & P. Daniels (eds.),
Working it out: 23 women, writers, scientists and scholars talk about their lives. New York:
Pantheon Books.
Welch, W.W. (1969). Curriculum evaluation. Review of Educational Research, 39(3), 429-443.
Welch, W.W. (1973). Review of the research and evaluation program of Harvard Project
Physics. Journal of Research in Science Teaching, 10(4), 365-378.
Welch, W.W., & Rothman, A.I. (1968). The success of recruited students in a new physics
course. Science Education, 52(3), 270-273.
Whyte, J. (1986). Girls into science and technology. London: Routledge and Kegan Paul.
Wiesenmayer, R.L., Murrin, M., & Tomera, A. (1984). Environmental education research
related to issue awareness. In L.A. Iozzi (ed.), Monographs in Environmental Education and
Environmental Studies. Columbus, Ohio: ERIC Clearing-House of Science Mathematics
and Environmental Education, Ohio State University.
Wiesenmayer, R.L., & Rubba, P.A. (1990, April). The effects of STS issue investigation and
action instruction and traditional life science instruction on seventh grade students'
citizenship behaviors. A paper presented at the annual meeting of the National Association
for Research in Science Teaching, Atlanta, GA, U.S.A.
Wilsman, M.J. (1991). Summative evaluation report. Phase 3. Secondary grades STS project.
Madison, Wisconsin: Wisconsin Public Telecommunications for Education.
Wingfield, L., & Haste, H., (1987). Connectedness and separateness: Cognitive style or moral
orientation? Journal of Moral Education, 16(3), 214-225.
Wirth, A.G. (1991). Issues in the reorganization of work: Implications for education. Theory in
Practice, 30(4), 280-287.
Wober, J. (1985). The primacy of print over screen? London: Independent Broadcasting
Authority.
Woolf, V. (1952). Three guineas. London: The Hogarth Press.
Wooster, D. (1977). Nature's economy: A history of ecological ideas. Cambridge:
Cambridge University Press.
World Commission on Environment and Development. (1987). Our common future: The
Brundtland report. Oxford: Oxford University Press.

74

Wynne, B. (1990, April 5). The blind and the blissful. The Guardian.
Yager, R.E. (1983). In defense of societal issues as organizers for school science. School
Science and Mathematics, 83(3), 651-653.
Yager, R.E. (1992a). Science-technology-society as reform. In R.E. Yager (ed.), The status of
STS: Reform efforts around the world. ICASE 1992 Yearbook. Knapp Hill, South Harting,
Petersfield GU31 5LR, U.K.: International Council of Associations for Science Education.
Yager, R.E. (ed.) (1992b). Status of STS: Reform efforts around the world. 1992 ICASE
Yearbook. Knapp Hill, South Harting, Petersfield GU31 5LR, U.K.: ICASE.
Yager, R.E. (ed.) (1992c). The science, technology, society movement. Washington, DC:
National Science Teachers Association.
Yager, R.E., Blunck, S.M., Binadja, A., McComas, W.F., & Penick, J.E. (1988). Assessing
impact of STS instruction on 4-9 science in five domains. ERIC Document Reproduction
Service No. ED 292 641.
Yager, R.E., & Krajcik, J. (1989). Success of students in a college physics course with and
without experiencing a high school course. Journal of Research in Science Teaching, 26(7),
599-608.
Yager, R.E., & McCormack, A.J. (1989). Assessing teaching/learning successes in multiple
domains of science and science education. Science Education, 73(1), 45-58.
Yager, R.E., Snider, B., & Krajcik, J. (1988). Relative success in college chemistry for students
who experienced a high school course in chemistry and those who had not. Journal of
Research in Science Teaching, 25(5), 387-396.
Young, M. (1971). An approach to the study of curricula as socially organized knowledge. In
M. Young (ed.), Knowledge and control. London: Collier-Macmillan.
Young, P., Ruck, C., & Crocker, B. (1991). Reading science. The Science Teacher, 58(2), 4649.
Zar'our, G.I. (1972). Superstitions among certain groups of Lebanese Arab students in Beirut.
Journal of Cross-Cultural Psychology, 3(3), 273-82.
Ziman, J. (1980). Teaching and learning about science and society. Cambridge: Cambridge
University Press.
Ziman, J. (1984). An introduction to science studies: The philosophical and social aspects of
science and technology. Cambridge: Cambridge University Press.
Zoller, U., Ebenezer, J., Morely, K., Paras, S., Sandberg, V., West, C., Wolthers, T., & Tan, S.H.
(1990). Goal attainment in science-technology-society (STS) education and reality: The
case of British Columbia. Science Education, 74(1), 19-36.

75

Zoller, V., Donn, S., Wild, R., & Beckett, P. (1991). Students' versus their teachers' beliefs and
positions on science-technology-society oriented issues. International Journal of Science
Education, 13(1), 25-36.

76

