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In 1984 the Ministry of Education in British Columbia decided to introduce a
Science and Technology course at Grade 11. The course focuses upon the
relationships among science, technology, and society. Its introduction
accompanied a policy decision mandating all Grade 11 students to take some
science; about a fifth of Grade 11 students in the province take the course.
Previous researchers have reported that the course suffers from a lack of
academic status, In this paper I speculate that a contributing factor may be a
deeply ingrained cultural one, namely that Aristotelian conceptions of the
superiority of pure science over practical knowledge continue to affect the
status of school subjects. I also question whether the course presents an
accurate portrayal of the nature of technology and of the relationship between
technology and science.

En 1984 le ministeére de I’éducation de la Colombie Britanique a introduit un
cours de science et technologie en onzi¢me année. Le cours veut préciser les
relations entre la science, la technologie, et la société. Une décision exigeait
que tous les étudiant-es de la onzieéme année prennent une partie de science.
Environ un cinquiéme des étudiant-es de la onzieéme année de la province suit
ce cours. Des recherches précédentes ont montré que ce cours manquait de
statut académique. Dans cet article, je soutiens que la cause de cela pourrait
étre un facteur purement culturel, c’est-a-dire que la conception aristotélitienne
qui croit en la supériorité des sciences pures sur les sciences appliquées
continue d’influencer le statut des matieres scolaires. Je me demande
également si le cours présente un profil adéquat de la nature de la technologie
et des relations entre la technologie et la science.

Curriculum evaluation can be done in many different ways. One could
administer instruments to assess the objectives of a course and then
interpret the findings. One could observe classrooms in action, talk with

teachers and students, and record impressions. One might adopt a
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historical approach, in order to trace the development of ideas in the
minds of those who initiated and implemented the curriculum. In this
paper, however, I utilize none of these approaches. I exemplify the least
expensive form of curriculum evaluation there is: armchair philosophizing.
The focus of my enquiry is the Grade 11 Science and Technology course in
British Columbia; my research method has been to look at curriculum
documents, read papers by other researchers, talk with people who know
something about the course, and then think.

Philosophical enquiry can take many forms. Normative philosophy is
concerned with questions of value; analytical philosophy, with meaning.
Ontology asks about the nature of things; epistemology inquires into how
we know what we know. These philosophical areas generate questions for
educators interested in science and techmology. Some are ontological:
What is science, what is technology, and how do they differ? Some are
epistemological: How do we gain scientific knowledge and technological
capability? What is their relationship: Is technology an outcome of
science, or vice versa, or is the relationship more complex? Others belong
to the normative school: What is the relative value of science and
technology? Are they of equal value? Is technology more valuable
because it generates solutions to practical problems? Or is science more
valuable because it is in some way intellectually more powerful than tech-
nology? Perhaps the earliest known work in this field is the book of
Ecclesiastes, attributed to King Solomon (although it may have been written
centuries later), in which the author describes the pursuit of knowledge and
the pursuit of human comfort as equally futile ("Vanity of vanities") and
recommends the religious life instead.

Frankena (1970) observes that epistemological theories are neither
necessary nor sufficient to establish conclusions about education; these
must be derived from normative or value premises. He notes Aristotle’s
argument that ethics and politics, not epistemology, determine what is to
be studied, by whom, and to what extent. Nevertheless, one can find
examples of curriculum writers using epistemological positions to defend
normative positions. An illustration in the science/technology field can be
seen in the writings of Professor Eric Rogers, director of the Nuffield
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Physics Project in the 1960s. Rogers is discussing the education of the
technologist; from the context, he appears to be using the term to mean
engineers.

The technologist must have a tremendous knowledge of science; and
he must understand that science which he puts to such good use.
He too needs an early beginning in understanding and much study
of pure science — study with real delight if he is to keep and use
it. Furthermore I fear the technologist is sterile: One generation of
technologists cannot breed the next generation — for the latter will
be far behind the frontiers, and will lack the deeper understanding
which is part of their preparation. It is the pure scientists who
must give the next generation of technologists essential training.
(McCulloch, Jenkins, & Layton, 1985, pp. 96-97)

The epistemological position here is quite explicit: Technology depends
upon science; therefore learning science must precede the development of
technological capability. Rogers defends this position with a normative
argument: Scientific knowledge is more useful than technological skill, at
least at the earlier stages of education, because of its greater power or
fertility. Not surprisingly, the physics course developed under his direction
emphasized "pure” academic physics, virtually unrelated to technological
issues.

The Introduction of STS-Based Curricula

International Trends. The introduction of a science-technology-society
(STS) based course into the British Columbia (BC) curriculum during the
mid-1980s was part of an international movement that had been under way
for many years. As early as 1957, the Science Masters Association in
England had recognized that science was a humanitarian and philosophical
study which ought to provide "knowledge of modern scientific and
technological developments and their implications for society now and in
the future" (McCulloch, Jenkins, & Layton, 1985, p. 36), but this statement
remained as a platitude for more than a decade.

During the early 1970s, the Schools Council Integrated Science Project
in England developed a course in which STS ideas were included, and
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within a few years, a conference in the Netherlands received reports from
numerous countries indicating widespread implementation of similar
developments (Haggis & Adey, 1978). Various factors influenced the
uptake of STS: The recognition that science and technology were now
interwoven into the economic, political and ethical problems of the time,
and that curricula ought to reflect this (Layton, 1972); the effects of
increased school retention rates, the challenge of designing curricula
suitable for a wider range of student ability; the problem of declining
student interest in science and science enrollments not keeping pace with
rising school enrollments.

STS in British Columbia. In the mid-1970s, BC introduced provincial
assessment programs in which a sample of students was tested every four
years in various subjects at selected grade levels, and the data reviewed by
Interpretation Panels. The Science assessments in 1978 and 1982 included
questions testing student understanding of science and technology issues.
The 1978 panel recommended that junior secondary science curricula be
revised to "help students relate science to current issues and practical
applications" (Hobbs et al,, 1978, p. 44). The 1982 panel (Taylor, 1982)
expressed a similar view. Gaskell (1982) regards these views as a response
to a perceived crisis in science education, due to societal concern about
science and declining public interest in school science programs. Two years
later, STS made its way onto the national agenda, when the Science
Council of Canada (1984) issued a report calling on science educators to
provide a more accurate view of the practice, uses, and limitations of
science.

Science and Technology 11

A committee to develop an STS-based course known as Science and
Technology 11 (SAT11) was formed by the BC Ministry of Education in
1984. Gaskell (1989) has described the origins of the course; in addition
to the influence of international trends, there was also a significant local
factor, namely the decision by the government in 1984 to require that some
science (and mathematics) be taken by all Grade 11 students in order to
qualify for high school graduation in Grade 12. Prior to this, only English
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and Social Studies had been compulsory; about 30% of the graduating class
had taken no science beyond Grade 10. Gaskell notes that the Ministry
had-indicated that

the course would be designed for students who were not proceeding
to university and the course was not on the list of acceptable
courses for students in the top stream of a proposed three tier
structure. While the proposal for streaming was eventually
dropped, the course has continued to be perceived as one intended
for less academically able students — indeed, the provincial
universities have refused subsequent Ministry of Education requests
that the course be accepted as fulfilling university entrance
requirements for a grade eleven science. (p. 3)

The SAT11 committee consisted of teachers with backgrounds in science,
industrial education, home economics, and physical education, with some
input from university scholars. It developed a curriculum guide and an
Instructional Resources Manual (Ministry of Education, 1986a,b) and 16
Teacher Resource Modules containing instructional materials. Of these, five
were designated as core modules, requiring about 60 hours of class time.
Teacherswere free to select four further options, totalling another 40 hours
of class time, from the remaining modules. The modules were classified
according to their context under three headings (see Box 1). The
curriculum guide lists three major goals, sub-divided into a total of thirteen
intended learning outcomes, and also identifies between four and six major
objectives for each module.
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BOX 1 — Teacher Resource Modules for
Science and Technology 11
(Ministry of Education, 1986a, p. 6)

Module 1

Introduction to Science and
Technology 11 (core module)

Personal Connections

Module 2

Module 3

Module 4

Module §

Health Technologies (core module)
Recreational Technology

Shelter ~— Technology of the Home

Technology for the Home

Local/Vocational Connections

Module 6

Module 7

Module 8

The Computer in the Workplace
(core module)

Forestry
Resource Management*

*This module differs from the
others in that no teacher materials
are provided; instead, teachers are
expected to build their own module,
centred around a local resource
industry.
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Global Connections

Module 9 Telecommunications (core module)

Module 10 Transportation

Module 11 Military and Defence Technology

Module 12 Energy and Environmental
Trade-offs

Module 13 | Waste - Technology’s by-product

Module 14 Food Production and Distribution

Module 15 Space

Module 16 The Future (core module)

Some positive features of the course. SATI11 attempts to link science
with the world in a meaningful way, an emphasis that most modern science
educators would applaud. The course reflects a reaction against courses
which have presented science as a set of "academic" topics whose
interconnections and relationships with the student’s world are only dimly
perceived. A significant strength of the Instructional Resources Manual is
that the curriculum is viewed as encompassing an approach to teaching and
learning, and not simply as a body of subject matter content. The Manual
is essentially a book of advice to teachers about how to establish classroom
conditions which are intended to promote meaningful learning, group
discussion, and exploration of complex issues which may have open-ended
answers. It emphasizes the value of developing a cooperative classroom
environment; it suggests approaches designed to help both lower- and
higher-achieving students; it advocates continuous, descriptive student
assessment. The Manual outlines procedures which could be used in the
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classroom to deal with STS issues (e.g., brainstorming, group discussion,
oral presentations by students, debating, research projects, role playing,
media analysis, field studies, computer conferencing, and computer
simulations).

The curriculum was put together quickly, and was ready for implement-
ation in 1985-86. Within a year, almost 20% of Grade 11 students in the
province were taking the course; these were generally students who
previously would have taken no science at all at that level.

Gaskell’s Evaluative Study. Given all these positive features, one might
have hoped that this curriculum innovation would have met with
considerable success; unfortunately, there have been some difficulties with
its implementation. In a nutshell, the problem is that the course suffers
from a lack of academic status and resources. Part of the problem is that
SAT11 does not lead to any corresponding Grade 12 course, unlike the
traditional separate science subjects (physics, chemistry, biology and
geology). One Vancouver school refuses to offer the course, for fear that
it will weaken enrollments in its Grade 11 Earth Science course, which
might in turn make its Grade 12 Geology course unviable. Another part of
the problem is the refusal of the three BC universities to recognize it as
an acceptable science for their admission requirements. The future
scientist or science teacher is therefore virtually excluded from taking the
course. (This would not matter if such people studied STS issues in their
specialist science courses at school or university, but it is doubtful whether
they do.)

Gaskell (1989) studied the implementation of SAT11 in one urban
school district, and found little support for it. Few resources were allocated
to the course; most science teachers preferred to continue to teach their
specialties to academically able students. These students were encouraged
to take the specialist sciences; mandatory graduation requirements left little
space in the timetable for elective courses, and it was therefore difficult for
an able student taking a specialist science to take SAT11 as well. The
course was rarely taught by teachers with a science background; it was
often allocated to teachers of other subjects to make up their workload.
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No cohesive and influential professional group that cares deeply about the
maintenance and development of the course therefore exists. Gaskell refers
to an "ironic paradox": A central argument for introducing the course was
that the critical nature of the science-related issues facing societies requires
that all students must take some semior high school science, but this
mandatory requirement, coupled with a policy which excludes specialist
science students from the course has actually led to a situation where the
course may not survive because of the lack of support for it.

Some Philosophical Issues

My purpose in this paper is to explore three philosophical issues — one
normative and two epistemological — related to the course. The
normative issue involves the problem uncovered by Gaskell, namely the low
academic status of the course. The epistemological issues are whether the
course provides students with a valid introduction to the nature of
technology and whether it presents an accurate portralt of the
science/technology relationship.

SATI1 is "Pseudo-Science." Let us examine the status issue first. A
comment made by a science department head in the Gaskell (1989) study
provides a fruitful starting point for the discussion. It encapsulates the
conclusion that Gaskell reached, namely that the course suffered from a
status problem among teachers. "We tried to make the implementation of
this program as painless as possible so that Science and Technology doesn’t
take up any of the science rooms ... it’s sort of a pseudo-science really” (p.
5).

Various metaphors can be used to describe the school curriculum. One
is to see it as a type of Testament, a document handed down by a powerful
Authority. Another is to regard the curriculum as a filter for letting
through selected content from the vast body of available organized
knowledge. Perhaps a more apt metaphor here is to view the curriculum
as an arena where contending social and political forces do battle.
Hargreaves (1989) notes that school subjects are "more than just groupings
of intellectual thought. They are social systems also. They compete for
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power, prestige, recognition and reward within the secondary or high school
system"” (p. 56).

McCulloch, Jenkins and Layton (1985) make a similar point; some
areas of the curriculum, and some forms of knowledge, are regarded as
more worthwhile than others. The science head’s comments illustrate this:
The science rooms are for the (more valued) "real" sciences, a club to
which SAT11 does not belong (and probably will not be allowed to belong).
The "painless" introduction of SAT11 is almost certainly a reference to the
feelings of the science staff not involved in teaching the course, rather than
to the feelings of those teachers attempting to introduce the new program.

Since the comment is not amplified, we have no way of knowing the
head’s reasons for his designation of SAT11 as a "pseudo-science,” but we
could speculate that it might mean one of three things: SATI11 is not
based on any "genuine" scholarly discipline; it is a genuine scholarly
discipline, but not a science (e.g., it is about science, but not a science
itself); it is a science but an "inferior" one. The first connotation, although
logically possible, seems implausible. It would mean that the knowledge
base of SAT11 was illegitimate, akin to creation science or astrology, and
therefore had no place at all in an institution abiding by the usual canons
of scholarship. There is no reason to suspect that this is what the science
head meant: If he did, he would probably have argued for the course’s
elimination, not for its painless introduction.

The second connotation is that SAT11 is a respectable area of study,
but not a science. Perhaps it is a kind of social studies course, which
assumes that students have gained sufficient scientific knowledge from their
earlier secondary school science courses, and which focusses upon social
issues in which science and technology play a central role. If so, this might
justify the universities’ refusal to accept the course as meeting minimal
science requirements. Doubt would then also be cast upon the Ministry’s
justification for classifying SAT11 as a science course for graduation
purposes. Since, as we have already noted, the course appears to be poorly
resourced, the interpretation that SAT11 is not real science could become
self-fulfilling and lead to the demise of the program. Curricelum
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innovation is unlikely to become secure in a climate which labels a course
as a science but fails to convince people that it really is one.

There is a third possibility: That STS is intellectually respectable and
contains genuine science, but that it is less valuable, "tainted" in some way,
because of its link with the world of industry and the everyday world of the
learner. At first sight, this might seem a ludicrous interpretation, yet it
reflects an attitude which is founded upon some very ancient normative
underpinnings, and has remained deeply ingrained in powerful sectors of
various Western societies.

Technology and Science: A Conflict of Values. Almost 2500 years ago,
Aristotle, in his Nicomachean Ethics (Book I, Chapters 1-2) argued that
science was pursued for its own sake, while techne — art or skill based on
knowledge — was a means to an end, knowledge whose purpose was to
improve human comfort or survival. For Aristotle, knowledge which was
an end in itself (e.g, science or philosophy) was to be valued over
knowledge which was a means to an end. This was an elaboration of the
Platonic distinction between the work of the mind and the work of the
hand, the former possessing higher status. Two millennia later, Francis
Bacon in his Novum Organum (1620) would reject this view, arguing that
material goods were more effective than abstract knowledge in advancing
social progress.

The tension between these two philosophic positions has continued
through the centuries. Echoes of the conflict can be heard in discussions
of the esteem of various careers and of the educational programs that lead
to them, up to the present day. McCulloch, Jenkins and Layton (1985)
argue that conflicts over status, resources, and territory have usually been
won by academic disciplines at the expense of utilitarian concerns;
abstract, theoretical knowledge is held in higher esteem than knowledge
about industry or the everyday world of the learner. They note that, while

the politics of school science and technology has been influenced
mainly by national concerns, it has been particularly stimulated by
a continuing debate over the relationship of ‘science’ and
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The idea that pure science is the source of technological innovation has
had some distinguished advocates. Vannevar Bush, a United States
presidential advisor on science policy in the 1940s, argued that

basic research leads to new knowledge .... It creates the fund from
which the practical applications of knowledge must be drawn. New
products and new processes do not appear full-grown. They are
founded on new principles and new conceptions, which in turn are
painstakingly developed by research in the purest realms of science.
(Bush, 1945, pp. 13-14)

This is, of course, the classic utilitarian argument for supporting basic
research, and one much favored by the science research lobby. The same
epistemological position underlies the views of Professor Eric Rogers,
quoted earlier. It is hardly surprising, therefore, to find the
technology-as-applied-science view strongly entrenched in school curricula.
Gardner (1990) points out that technological artefacts are commonly
presented in school science texts as illustrations of scientific principles:
The blast furnace exemplifies reduction/oxidation reactions; the telescope,
the laws of refraction; the electric bell, the laws of electromagnetism. The
implication, usually unstated, is that these artefacts are physical outcomes
of the scientific principles that explain their operations. Such approaches
can of course be defended: Teachingstudents a relevant scientific principle
can help them to understand how the technology works.

There are, however, several objections that can be raised to presenting
technology as applied science. The first is that, for most of recorded
history, it is simply untrue that technology has resulted from the application
of scientific principles. Humans were making iron thousands of years
before the chemistry of redox reactions was understood; telescopes were
made before the laws of refraction had been formulated. Edwin Layton
(1977) notes that Benjamin Franklin’s invention of the lightning rod in the
18th century was a rare instance at the time of a technological innovation
based upon science; most inventions were based "almost wholly on the
empirical insights of craftsmen, with no discernible scientific input" (p. 208).
It was not until the growth of science-based technologies such as electricity
and chemistry in the 19th century that science began to make major
























297 The Journal of Educational Thought, Vol. 27, No. 3, December 1993

highest good of all." It would appear that the ghosts of Aristotle and
Francis Bacon are still contending.

Educational Implications and Some Suggestions

What are the implications of all this for the teaching of SAT11 (and
other, similar courses on science, technology and society)? If school
curricula which deal with ST issues are to provide faithful representations
of the relationship between technology and science, then the inadequate
picture of technology as applied science will have to be replaced by a more
complex view of technology and science as largely initially independent
communities which have become interdependent during the past two
centuries.

Academic educators are often accused of being long on critical analysis
and short on practical advice. (One teacher, attending an academic
conference on education, is said to have remarked that he came to the
Pentagon and found the generals playing chess.) I want to conclude,
therefore, by offering some suggestions for improving the quality of the
SAT11 course. Clearly, this will require a combination of approaches. The
curriculum content and its associated documents might be revised, to give
more emphasis to technological capability and studies of the technological
process. The academic status problem will have to be addressed, in the
long term, by educating a body of teachers with recognized university
studies in the STS field. In the short term, there is an obvious need for
inservice courses and teacher networks so that good ideas can be
introduced and shared. These efforts could be supported by having
education authorities and universities prepare case study materials which
introduce students to the history and philosophy of science and technology,
in ways that reflect current scholarship in the field.

Note: This paper is an abridged and amended version of a paper, "From
Aristotle to British Columbia: Some Reflections on a Grade 11 Science
and Technology Course," presented at the joint National Science Teachers’
Association/British Columbia Science Teachers’ Association area
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