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Dear Dr. Smith: 

On behalf of the Science and Education Committee, I take great pleasure 

in transmitting this report to you. For nearly four years, the committee 

has worked hard to meet the aims sf the science education study that were 

approved by Council at its 75th meeting in May 1980,as follows: 

* 	 to establish a documented basis for describing the present purposes 

and general characteristics of science education in Canadian schools; 
to conduct an historical analysis of science education in Canada; 

* 	 to stimulate active deliberation concerning future options for science 
education in Canada. 

From the outset, we sought and reteived the cooperation sf the Council 
of Ministers of Education, Canada and the science teaching profession, 
without which the study could not have been conducted. To all these indi- 
viduals and institutions that have been deeply involved in our work, we 
are most indebted. 

Studying science education at both elementary and secondary levels, 
in a bilingual country, with 10provinces and two territories each of which 
is autonomous in matters of education presented a unique challenge. In 
meeting this challenge, the committee adopted a strategy called "deliber- 
ative inquiry," developed by Dr. Graham Orpwood, one of the study's 
project officers. This strategy was designed to generate, over the duration 
of the study's activity: 
0 a continuing commitment to deliberation and change on the part of 


all those with an interest in science education; 

a reliable database about science education as it is, the context in which 

any proposed changes must occur; 


e 	 a range of issues and alternative courses of action on which to focus 
deliberation. 

These three components set the pattern for phases 1 and 2 of the study, 
raising awareness of issues (phase 1) and research (phase 2). The two 
phases, which overlapped in time, resulted in the Following publications: 
e five issues of a newsletter; 

six discussion papers; 
two workshop proceedings (one of which, on the science education 
of women, also led to the publication of a statement of concern); 
a three-volume background study including: an analysis of science 
curriculum policies of all provinces and territories; an analysis of 
33 science textbooks, using a team of 18 specially trained analysts; 
a survey of science teachers that received a 61 per cent response rate 
(over 4000 respondents); a series of eight case studies of science 
teaching involving a team of nine researchers in eight different schools 
in all parts of Canada, 

The research program of the study was, in itself, a tremendous effort and 
represents one of the most comprehensive programs of original research 



in Canadian education. I feel that C~uncil may be justifiably proud of 
this accomplishment %or itself; indeed, the work has already begun to 
stimulate further research. 

All this activity, however, was but preparation for the third and crucial 
phase of the study, the deliberative phase. For this phase, the research 
data were published as a three-volume interim report and distributed to 
more than 300 individuals who had indicated their commitment to delib- 
eration about future directions for science education in their provinces 
and territories. These individuals brought their concerns far science 
education from all sorts of positions and perspectives: ministry officials, 
school administrators, teachers, university faculty, scientists, engineers, 
employers, trade unionists, parents and students were all represented at 
11 deliberative conferences, which took place in the spring of 1983. The 
interim report served as a foundation for the discussions and was the back- 
ground for the advice and recommendations that came forward. 

I cannot overstress the importance that the committee has attached 
to this advice and these recommendations. The conclusions from the delib- 
erative conferences gave the committee a sense of what those who have 
concerns for science educatisn see needs to be done and, moreover, how 
they see that it may be done. In a very real sense, the deliberative 
conferences were the climax of the committee's work, When they were 
over, we felt extrasaejjinarily well informed about science educatisn in 
Canada and ready to prepare this report. 

In transmitting the report to you, I wish to acknowledge the work 
sf my colleagues on the committee, who have worked together in an open 
and cooperative spirit and who now are unanimous in their support of 
the report. From its formation until February 1982, the committee was 
chaired by Dr. H. Rocke Robertson and Council owes a great deal to 
Dr. Robertson for his wise guidance in the formative stages of the 
cornmiltee's work. 

On behalf of the committee, I would also like to express appreciation 
to the project officers, Graham Orpwood and Jean-Pascal Souque, and 
to their research associates, Isme Aam and Janet Ferguson. Their team- 
work and support of the committee's work has enabled the completion 
of what we believe to be a significant contribution to the country and its 
young people, 

Yours sincerely, 

E. bwson Drake 

Chairman, 

Committee on Science and Education; and 

Department sf Biology, 

University of Prince Edward Island, 

Charlottetown, Prince Edward Island. 
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Chapter I 

Science Education for 
Tomorrods World 

Tomorrow's citizens and decision makers are in school today-are they 
receiving the education they will need in the 1990s and beyond? As the 
rate of c h a w  increasesand the world becomes ever more complex, Cana- 
dian students need more and better science education to prepare them for 
the future. 

Renewal in science education is essential: that is the conclusion of a 
four-year study involving research and deliberation on science education 
undertaken by the Science Council of Canada. The study, which has pro- 
duced one of the most comprehensive databases ever compiled in the field 
of Canadian education, had two main thrusts: to investigate the past and 
present place of science education in Canadian schools and to develop 
recommendations for its future directions. 

The research program included the examination of science curriculum 
guidelines in each province and territory,= an analysis of 30 commonly 
used science textbooks, a survey of teacher opinion and eight ease studies 
of science teaching in schools in various parts of,the country. The results 
of this research are published as a threevolume background study,Science 
Education in Canadian Schools. 

An interim report of this research was circulated to participants at 
11 deliberative conferences attended by ministry2 and school officials, 
teachers, parents, students, and representatives from universities, industry 
and labour. All concerned demonstrated an openness to change and a 
willingness to cooperate in searching for ways to improve our system of 
science education. The Science Council is confident that the needs and 
new directions identified at these conferences represent a consensus to 
which there is significant professional commitment. 

The present report summarizes the results of all this work, particu- 
larly the conclusions of these deliberative conferences. The report is 
organized as follows: 

Why Study Science? (Chapter 2 )  
Science Education Now (Chapters 3 and 4) 
Recommendations for Renewal (Chapters 5 and 6) 

Why Study Science? (Chapter 2) 

The Council believes that it is of national importance that aH Canadians 
receive a quality education in science and technology. For Canada to cope 
with social changes rooted in highly specialized technologies, its citizens 
need the best general education possible -an education comprising not 
only the traditional basics of language and mathematics, but also the new 
basics of our contemporary culture: science and technology. 



We therefore endorse the concept of "Science for All."* This does not 
mean ignoring individual differences among students, These must be 
understood, respected and provided for. Science for all means a first-class 
science education for every student: those in elementary schools as well 
as those in secondary schools; girls as well as boys; the most able students 
and those less able; those having special interests in science and scientific 
careers and those without these interests; students in all regions and 
provinces; francophones, anglophones, and those of native ancestry. 

Not only must science education be provided for all students, the aims 
and content sf school scienceprograms must be appropriate to their needs. 
The Council believes that the goal of scientific literacy for all can be 
achieved through a balanced curriculum in which science is taught with 
four broad aims in mind: 

to encourage full participation in a technological society; 
to enable further study in science and technology; 
to facilitate entry to the world of work; 
to promote intellectual and moral development of individuals. 

Consensus about these aims is important for two reasons. First, they 
provide a basis from which to examine present science programs. And 
second, they establish a backdrop against which recommendations for 
future change can be developed. 

Science Education Now (Chapters 3 and 4) 

The major findings of the study concern the serious gap between what 
science education is supposed to achieve and what it actually achieves. 
For example: 

science is rarely taught adequately (if at all) in elementary schools 
across the country; 
students entRusiastic a b u t  science and those achieving above-average 
marks complain about the lack of challenge in their schools; 
very little is being taught about the crucial interacticin among science, 
technology and society; 
many girls still do not see scientific or technological careers as being 
relevant to them, and turn away from science; both Canada and half 
of its citizens are the losers; 
teachers complain about the lack or ineffectiveness of inservice 
programs for their own development; 
there are few openings for young people entering the teaching force, 
and older teachers have little incentive to innovate or strive for 
excellence. 

* The American Association Csr the Advancement of Science and the National Science 
TeachersAssociationin the United States remt ly  adopted the proposition that "Everychild 
shall study science every day of every year." This is, of course, a statement of principle 
rather than a policy recommendation tor education. 



In addition, it was evident f r ~ m  the study" research that science is 
mostly taught with the aim of preparing students to study more science. 
Little evidence was found of teaching practices or textbooks designed to 
promote achievement of the other three important aims. 

Recommendations for Renewal (Chapters 5 and 6) 

In the light of its analysis of the present state of science education in our 
sehools, the Council recommends eight major initiatives that are u w n  tly 
required for the renewal of science education. These initiatives are 
summarized as follows: 

Science Education for Ail 
1. Guaranteeing science education in eveIy elementary school 
2.  Increasing the participation ofyoung women in science education 
3. Challenging high achievers and science enthusiasts 
Redirecting Science Education 
4 .  Presenting a more authentic view of science 
5. Emphasizing the science-technology*ociety connection 
6 .  Setting science education in a Canadian context 
7. Introducing technology education 

Monitoring Science Education 

8.  Ensuring quality in science education 

In addition to these general recommendations, the Council presents 
47 specific recommendations designed to implement these initiatives. These 
specific recommendations are directed at ministries of education, school 
boards, schools, universities, teachers (and teachers' unions), textbook 
publishers, industry, the federal government and other national bodies. 

The specific recommendations are concrete, realistic, and immediately 
applicable. Canadians must act on them now - any delay in renewing 
our science education systems threatens Canada's capacity to participate 
in a ehangiq world. And Canadians must act together - the renewal 
of science education in Canada can only take place with the active support 
and cooperation of all: individuals, groups and governments. To make 
these things happen is the chalknge today. 



I Chapter 2 

Why Study Science? 

Our research and deliberations suggest an emerging consensus about the 
aims of science education. In our judgement, Canada needs science 
education that can: 

develop citizens able to participate fully in the political and social 

choices facing a technological society; 

train those with a special interest in science and technology fields for 

further study; 

provide an appropriate preparation for the modern work world; 


* 	 stimulate inteIlectual and moral growth to help students develop into 
rational, au tonomous individuals. 

Science for the Informed Citizen 

In an age of technology, this goal for science education musk be among 
the most important. If we as a society fail to understand the interaction 
of science, technology and society, we surrender control QC the most potent 
forces shaping our world to a techn~cratic elite. Council endorses the view, 
expressed in the 1972 UNESCO report, Learning To Be, which stated: 

An understanding of technology is vital in the modern world and 

must be part of everyone's basic education. Lack of understand- 

h g  of technological methods makes one more and more dependent 

on others in daily life, narrows employment possibilities and 

increases the danger that the poten tially. harmful effects of the 

unrestrained application of technology - for example alienation 

of individuals or pollution -will finally become overwhelming. 

Most people benefit from technology passively, or submit to it, 

without understanding it. They cannot, therefore, contrsH it. 

Education in technology at the conceptual level should enable 

everyone to understand the ways in which he can change his 

environment.l 


There was international consensus on this point 12 years ago; yet Iittle 
has happened, at least in North America. 

We do not lack advice on this topic, however. In one of the discus- 
sion gapers commissioned during this study, Glen Aikenkead calls for a 
"'science and society curriculum [that] views science as a cultusaI ghenom- 
enon and within a socid ont text."^ In another, James Page echoes the 
conclusion of the Symons report, To Know Ourselves, that "Canadian 
school children learn virtually nothing about the accomplishment and 
impact of science in their own ~ount ry ."~  In a third, Donald George 
points out that "even informed public debate is not possible because sf 
the general indifference and ignorance about the nature of technology and 
its social effectsSu4 The deliberative conferences held in each province 
were in general agreemenr with these views. The deman$ for science to 



be taught in such a way that students learn about science and technology 
and about their influence on contemporary Canadian society was just 
about unanimous. * 

Science for Further Education 

Science education in elementary and secondary schools is also an important 
preparation for further studies in science and other subjects, Historically, 
one of the major functions of schools has been to prepare students to enter 
university or college. Now, educators are beginning to broaden the 
meaning of postsecondary study to encompass lifelong learning, and 
consequently to ask what kind of preparation is appropriate for this. 

Until recently, many m p I e  felt that learning scignce - usually 
physics, chemistry and biology - in the senior grades ofhigh school was 
important only to those who intended to study those subjects at university. 
Accordinglyl students whose interests or abilities were not oriented in this 
direction tended to take other subjects, leaving science to the 'Specialists." 
This trend was reinforced by new courses introduced in the 1960s and 
1990s;these courses emphasized the structure of the discipline, addressed 
relatively advanced theoretical concepts, and were explicitly designed to 
increase the supply of trained scientists and engineers. In the 1980s,society 
still needs well-educated students to enter scientific programs at univer- 
sity, of course, but educators are no longer convinced that students are 
ideally prepared by the courses developed in the 1960s(largely in the US 
and adapted or imported for Canadian schools). These courses lack a social 
(and particularly a Canadian) ont text,^.^ and also tend to overemphasize 
advanced theoretical conceptsg8 so that students who know nothing of 
the chemistry of domestic processes suck ad photography and cooking are 
taught about molecular orbitals. Ensuring excellence in the basic training 
of future scientists should not mean that students are subjected to 
abstractions they can scarcely comprehend or relate to their personal lives. 

Education in schooI (including education in science) must be perceived 
as one part, albeit a special and intensive part, of a process of lifelong 
learning. Science education throughout the high school years should be 
a preparation and encouragement for students to learn about science 
throughout their lives. 

Moreover, science studies in school should aIso be linked to other areas 
of study. A narrow focus on science as mainly for future scientists con- 
tributes to premature specialization and tends to isolate the variorls subject 
areas. The Science Council has received eloquent arguments favouring 
closer coordination between science and mathematics teaching,' science 

* Many other countries are gradually shifting towards a "xience-technology-sockty"(STS) 
orientation for science educatien.~ogresis particularly advanced in Europe and has 
gathered momentum in third world countriesas well, as can be seen from recent international 
conferences on science education in which Canadians h a w  been leading participants. This 
international climate is both stimulating and encouraging. 



and social studies,I0 science and engineering,I1 science and the 
h~rnani t ies .~~We believe that all students, regardless of career aspira- 
tions, will benefit from such cross-linking of knowledge areas. 

Finally, students should learn to question the basis of their own 
scientific knowledge.Science rests on assumptions about the nature of 
reality and about our ability to comprehend reality; these assumptions 
cannot be questioned from within the scientific framework. Several authors 
of our discussion papers suggest that developing students' ability to 
approach science critically can assist in broadening secondary school 
science courses and linking them with other parts of the curriculum. 
Ailkenhead, for example, talks of "Science: A Way of Kn0wing";~3 
Munby about "how we hold scientific knowledge";14 and Nadeau and 
DCsautels about a "valid concept of science."lJ The Council is convinced 
that such ideas can be the foundation of a broadly based science program 
that prepares students for a lifetime of learning and enables them to 
examine their own knowledge critically. 

Science for the World of Work 

Schools have always provided some sort of vocational or prevocational 
function. In practice, however, courses of an explicitly vocational nature 
have usually been designed for or relegated to students of lower academic 
ability; other at udents are steered towards academic courses leading to 
postsecondary education as the most appropriate preparation for entry 
into the workforce. Education for the world of work is important to society 
and to individuals: our economy needs appropriateIy trained human 
resources and individuals need employment that is financially and per-
sonally rewarding.If these needs are to be met, the Science Council believes 
that the relationship between secondary education (especially in science 
and technology) and the world of work must be radically rethought. 

This rethinking should be based on the fact that technology will be 
a key factor in the future employment of large numbers of our present 
school children. These students must learn how technology affects the 
workplace, how it will influence the nature ofwork, and what new career 
opportunities it creates. 

Students need this training for their own benefit. And society requires 
it, for among these students will be found the individuals who will be 
tomorrow's entrepreneurs and technical innsva tors. Indeed, the Science 
Council has often highlighted the importance of technological innovation 
in the development of Canadian industry and the critical role played by 
individual innovators. * 

* FOP e.uarnple, Guy Steed points out the "primary place of entrepreneurial individuals in 
successful technokgisal innovation."lbA blend of "judgement, grit, and sheer luck"17 results 
in the juxtaposition of information "in the mindsd imaginative people somewhere."'%nd 
a new idea is born. Prom the creativity of individuals, industries and society prosper. 



At issue for the present report is whether or not education in school 
can stimulate or contribute to the innovative capacity of individuals. On 
this subject, Marcel Risi, former commercial director of the Centre de 
recherche industrielle du Qu6bec (CRIQ), offers a critical analysis of the 
goals and methods of contemporary education. He writes: 

Training young pwple who will have to confront a working envi- 
ronment evolving so rapidly that the knowieelge they have 
acquired is frequently obsolete or no longer required is one of 
the challenges facing education .I9 

To meet this challenge, schools have traditionally taught ever more abstract 
concepts, the "big ideas" of science, rather than its concrete descriptive 
aspects. But Risi stresses that the red mistake is having students acquire 
knowledge for its own sake, without teaching why it should be acquired. 
He suggests that students should be given real problems and encouraged 
to seek and use information to develop innovative solutions. In such a . 

system, Risi points out: 
Fducation, Iike industry, will become holistic. In corporations, 
for example, it is not enough to combine disciplines and find the 
"recipe'" rather the task is to l e m  to combine, integrate and 
prioritize information flowing from the real world.20 
Clear1y,  the education he prescribes cannot be provided by traditional 

courses that focus on pure science, that is, on the discovery and acquisi-
tion of abstract knowledge. What he is suggesting is a shift towards an 
education that includes technology; hex  disciplinary knowledge is not 
simp1y gatheredha is applied to achieve a desired end, perhaps the design 
of a useful process or product. For example, electronics and materials tech- 
nology offer scope for students to design, construct and test products sf 
social value. Experimental courses of this type have been developed in 
some countries but iesistance is strong from the advocates of physics, 
chemistry and biology as the traditional basis of scientific education. As 
we look towards the future, can we limit students in grades 11 and 12 
to a choice of physics, chemistry or biology, as is typically the case in 
Canada today? Will this narrow choice serve the broader needs of students 
and the Canadian economy? 

In this new vision of education, emphasis shifts from the acquisition 
of information to its use. 1n the ernergiq information society, the differ- 
ence between the skilled and the unskilled will be based not on what is 
known or not known but on how well knowledge is put to use. More and 
more, information is being stored in readily accessible form in computer 
data banks.The successful members of our society will be those who can 
draw upon this information and synthesize it to solve problems. Already, 
40 per cent of Canadian workers are engaged in information-related occu- 
pations and this number continues to riwZ1 Education for the world of 
work must therefore increasingly stress the information-processing skills 
that the citizen of the future will require. 



Science for Personal Development 

Most of the subjects in the school curriculun are intended to contribute 
to the achievement of educational aims beyond the immediate one of learn- 
ing the subject matter itself; and science is no exception. Educators give 
particular importance to the intdlectual and moral development of the 
individual, that is, development of the mind, of rationality, an ability to 
think critically and so on. This view of the essential purpose of a liberal 
education dates back to the Creeks but its importance in contemporary 
society has been reiterated constantly during our deliberative conferences. 

Intdlectual develsprhent can be divided into two components: the 
pequisition of knowledge, the cumulative product of our tul t ure's intel- 
lectual efforts, and the development of intellectual skills. The two cannot 
be divorced from each other. The inquiry processes of science have been 
analyzed in terms of the skills that a scientist exhi bits when engaged in 
scientific inquiry. Because of this, many science educators have become 
preoccupied with helping students develop these process skills -observ-
ing, classifying, hypothesizing and so on. Although these skills are worth- 
while, two caveats are in order. First, some educators tend to forget that 
scientists use these skills in solving real problems of which they possess 
considerable background understanding and not in a substantive vacuum. 
Scientific observation, for example, has as much to do with what is in 
the observer's head as with what is done with the eyes." Second, science 
is not unique among the disciplines that use rational argument and critical 
thinking and therefore science education cannot be an exclusive vehicle 
for the development of these skills." Although science should play an 
important role in a student's general education, it must play this role in 
harmony with education in the arts and humanities. 

There are, however, contributions to a student's intellectual growth 
that only science can make. For science, though it shares certain features 
of rational thought with other fields, has a function and content that give 
it a significant place in our culture. Scientists study the physical envi- 
ronment and develop ideas that explain how things work. Similarly, in 
learning to cope with the world, young children develop their own 
explanations for phenomena, and these ideas enable them, more or less 
adequately, to understand and relate to their environment . Inasmuch as 
this activity parallels that of the scientist, at least in purpose, it is important 
for students to learn that they can understand and deal with the world 
by means of their own observations and constructed explanations, that 
all such explanatory frameworks have their limitations, and that science 
offers frameworks for explanation and control which, while also limited 
in scope, have been shown to possess particular explanatory power and 
which have thus become accepted by the scientific community and by 
society as a whole. 

Thus, science education encompasses both processes and knowledge 
that can nurture a child's intellectual growth, Not surprisingly, the value 
of science education for a child's intellectual development has been 
promoted by such distinguished contributors to the psychology of cognitive 



deveIoprnent as Jean Piaget and David Ausubel. If science education is 
to be sucsessful in achieving this goal, then instruction must start "where 
the child is,'Yn terms of both skills and knowledge. This pedagogical 
principle has profound implications for the science curriculum and its 
implementation. 

Scientific Literacy 

Science education must be the basis for informed participation in a 
technolsgical society, a part of a continuing process of education, a 
preparation for the world of work, and a means for students' personal 
development. The Science Council believes that these four aims of science 
education are vital for science programs in Canadian schools. 

Furthermore, the Science Council believes that a balance among all 
of these aims should guide the development of science programs. Council 
supports a concept of scientific literacy that has a composite nature. As 
Roberts has described in his discussion paper, thb is what the term has 
come to mean in much of the literature of science educatian.24 If all stu- 
dents are to benefit from an education in science, then the science pro- 
grams offered in schools must give substance to the full scope of the concept 
of scientific literacy outlined here. There is little point, for example, in 
justifying science education in schools on the basis that students need to 
understand the social impact of technological change if science courses 
do not respond to this need.An appropriate balance of all four aims for 
science education should therefore kevident at each level of schooling. 

High-quality science education is required at all 1eveIs and for all indi- 
viduals. Canada needs its most able students to be challenged and 
stimulated so that they succeed in science studies, but it also needs all its 
citizens to be scientifically literate. The Science Council is confident that 
these needs are not insompatibfe. 



The teaching of science, like any other institutionalizedactivity, takes place 
within,avariety of contexts, all of which influence both what is done and 
what can be done. 

Three contexts are particularly important to the success of science 
education: 

the human dimension, the intellectualand social climate of the school 
and especially the relationships among students, teachers, and 
administrators;

* the physical dimension, the concrete facilities and equipment for 
science education, including textbooks; and 
the political dimension, the degree of public support and confidence 
in science education. 
For example, when parents and school administrators place a premium 

on keeping students qukt and under complete control at all times, schools 
are likely to use didactic methods of science teaching rather than inquiry 
methods. As these two teaching methods are not merely alternative means 
to the same end but actually result in different outcomes, the context can 
affect which aims are achieved and which are not. Similarly, in schools 
in which textbooks and teaching omit m y  reference to the impact of seience 
and technology in Canada, students are unlikely to learn much of such 
things. If school examinations measure only the students' acquisition of 
scientific information, the same emphasiswill probably dominate the teach-
ing. In short, student ability and teacher competence, though necessary, 
are not sufficient to assure the attainment of any set of aims for science 
teaching; the contexts of instruction are all important to the success of 
science education. 

If improvements are to be effected in science education, then contex-
tual factors must reinforce rather than resist any changes. Understanding 
these factors was therefore a major purpose sf the research phase of the 
Science Council study. This chapter summarizes some of the background 
data collected by the study about the human, physical and political 
contexts of science education in Canada. 

Human Context 

Tke essence of all effective teaching, in science as in other subjects, is the 
relationship between teacher and student. Teachers who are bright, 
competent, excited by the subject matter, and sensitive to the needs of 
the students, are the ones who can work miracles even in the absence of 



ideal conditions for teaching. Correspondingly, teachers who are uncom- 
fortable with their own background knowledge or who are demoralized 
because of the working conditions can negatively influence students' 
attitudes towards science. 

If Canadian students are to become scientifically literate, then science 
teachers at all levels of the school system must be properly prepared to 
teach science and enthusiastic about participating in science teaching. The 
teachers themselves must be taught with the same scientific literacy in 
mind, they must be provided with the necesmry pedagogical support and 
training and the management of schoofs must exert a positive influence 
on their attitudes towards their work. The Science Council study there-
fore gathere$ information about teacher preparation, inservice training 
and morale. 

W i l e  most science teachers in Canada have university degrees and 
are committed to teaching, the extent to which they are adequately pre- 
pared for teaching science is problematic. Ofthose teaching science at the 
early-years level (grades 1-6, typically), more than two-thirds are uni-
versity graduates, and this proportion is higher if one considers the younger 
teachers only.' However, over half of them have had no university-level 
mathematics and nearly three-quarters, no universitydevel science. In the 
middle years (grades 7-9, typically), the situation is better, though still 
not entirely satisfactory from the p i n t  of view ofensuring a quality science 
education; at this level, one-third s f  all science teachers have had no math 
or science since high school. ?'hose who teach science in the senior years 
are relatively better qualified: 95 per cent have had at least same univer- 
sity science but often this training was received many years ago -more 
than 10years in the case of over one-ihird of the teachers. Further analysis 
of teachers' science backgrounds is difficult because degree programs are 
described differently across the country and some provinces do not collect 
this information about teachers. 

The Science Council aiso studied inservice training because many 
teachers 0%science have been teaching for a long time - over half for 
more than 10 years. Lengthy teaching experience can dearly have benefits 
for students' science education but it can also present problems if teachers 
become less able or wi l l i i  to change traditional methods sf teaching. For 
this reason, inservice education is important. At the moment, most teachers 
are very dissatisfied with the quality of the inservice educational programs 
provided for them. In our survey, at least two out of three described such 
programs as ineffective or nonexistent and this judgement was confirmed 
at each of our deliberative conferences. (It must be noted that inservice 
training isbut one aspect of a larger problem currently facing educational 
authorities: managing an aging teaching force.) 

The study also examined teacher morak and Cound that very few 
secondary school science teachers would prefer not to teach science: only 
1 out of 10in the middle years and tout sf 10 in the senior years. Those 
planning to continue their teachin8 career, however, often face a rather 
gloomy prospect. Several confided in us, during the deliberative confer- 
ences, that their morale was very low. They cited several causes -



discipline problems, low expectations of the school system and the 
phenomenon of "bumping." Bumping is a system, incorporated in many 
collective agreements with teachers' unions, in which protection from lay- 
offs is strictly by seniority; when enrolments fall, less experienced teachers 
have to give up their positions to their more senior so1leagues with no 
consideration for the younger teachers' qualifications, their enthusiasm 
or the quality of their work. The foliowing extract from the case study of 
the Bcole Lavoisier illustrates this phenomenon. 

Every teacher is quite powerless either to ha1 t the process or to 
have recourse from it. Only the most senior (with over 17 years' 
seniority at present) are spared. But even they, like the students, 
suffer the very serious effects of the process on the atmosphere 
sf the school: fear, suspicion, confrontation, discouragement -
all of which profoundly affect school life, not only from April 
to the end of the school year, but to some extent throughout the 
year. Protests have been lodged with all the authorities. Everyone 
considers "bumping" to be the worst calamity with which teachers 
are faced, the biggest cause of lack of commitment and lethargy. 
Neither teachers nor administrators can do anything to halt the 
implacable machine. Even if they are not directly affected, they 
all suffer the fallout. One teacher kold me, "Just try to talk about 
education in May. All anyone talks about is bumping, and it's 
understandable .'I2 

The Council believes that the deployment and layoff sf teakhers based 
solely on the seniority principle fails to acknowledge the merit of excel- 
lent teaching and prevents the introduction of innovative ideas by younger 
teachers. Change in this area is urgently required. 

Science education is strongly influenced, not just by classrsorn teachers 
but also by the educators who develop science programs at the ministry 
level and those who implement them at school board levels. These indi- 
viduals, frequently fanner science teachers, hold senior positions for which, 
very often, no training and little support is provided. Given the broad 
scope of their responsibilities, these consultants are valuable and impor- 
tant to the ultimate success of science education in each province. Despite 
this, they often appear to be insufficiently appreciated by teachers and 
by the administrative hierarchies of ministries and school boards. 

Physical Context 

In the physical context, the study looked at special facilities and equipment 
for science education, textbooks and computer aids. 

Special facilities and equipment let students enjoy first-hand expe- 
riences of science. The need for an appropriate physical context was 
recognized in the reform movement of 20 years ago and is still considered 
important, except that the definition of what is appropriate must be 
adapted to the changing aims of the science program. If students are to 
acquire a greater awareness of the technological culture sf the present day, 
they need, for example, access to a computer at all levels of school. In 



addition, if students are to understand the impact of science and technology 
on society, they must learn about it through trips outside the school and 
via video technology in the classroom. As a participant at one deliber- 
ative conference expressed it: "Science and technology are all around the 
school in the daily lives of the students and their families." The school 
walls must not function to keep the real world of science and technology 
out and a gale shadow of it in. 

Our survey shows that secondary schools usually have adequate facil- 
ities for science teaching, except for very small schools in remote areas; 
the same is not usually the case for elementary schools. In the senior yeas  
of high school, three teachers out of four have at their disposal a regular 
laboratory and suitable equipment; furthermore, they cokider the quality 
of these to be good and sometimes exceUant. At the elementary level, 
however, fewer than one in five have even occasional access to a science 
room. This situation places a major constraint on science teaching. 

Science textbooks also form part of the physical context of science 
education. Despite predictions to the contrary, science textbooks are still 
of major importance in Canadian schools: 90per cent of students use them 
and 80 per cent of their teachers plan lessons from them. On the whole, 
teachers seem satisfied with the available textbooks, although they point 
out that these textbooks have little attraction for the less able students. 

Textbooks are bought by s cho~ l  boards from lists of publications 
approved by ministries sf education. 8nIy Qu4bec and Ontario (and, to 
a limited extent, British Columbia) have a large enough school pogula- 
tion to permit some d of competition among publishers and to justify 
economically the creation of textbooks that foilow the aims and program 
content of specific provincial science courses. In fact, nearly all the text- 
book publishers are located in Toronto and Montrfial. One of the 
eonsequences of the limited market in smaller provinces is that, men where 
innovative curricula have been developed, i t  is of ten impossible to find 
appropriate textbooks. The same problem arises for French-language 
publishers seeking to serve the francophone populations in most prov- 
inces. As a result, publishers provide textbooks that have the greatest like- 
lihood of being accepted everywhere, even if this involves making local 
modifications and negotiating for a monopoly with the ministry of 
education. The high degree of uniformity (among the provinces) in science 
content makes this process easier. Although provincial autonomy in theory 
permits the development of a completely originid curriculum, the prac- 
tice is severely limited, especially in smaller provinces, because of the 
inability of publishers to produce cu r r i~u l~m materials for small markets. 

CloseBy linked to this problem is that of the presence of American 
books in Canadian schools. Even though scientific knowledge is inter-
national in nature, this is not so for scientific activity nor for science edu- 
cation. Science education in Canadian elementary schools mostly uses 
American books, especially the very popular Space, Time, Energy, Matter 
(STEM) series and its translated version Los chetnins de la science.At the 
middle or junior high level, a significant number of Canadian textbooks 
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have been introduced across Canada since Ontario published its new cu-
ricdum guideline for that level in 1978, thus demonstrating the effect that 
one large province can have on the national market. In the senior yearq 
of high schooI, particularly outside Ontario, American textbooks are used 
in considerable quantitim. At this level, the market is fragmented by the 
existence of several separate science courses and by the lower enrolments 
in each optional course. 

It is difficult to assess the extent to which science education is being 
influenced by the use of information technologies, and in particular the 
use of the computer. The situation is changing so rapidly that reports tend 
to be out of date almost as soon as they are written. It would appear, 
however, that appropriate hardware is available and being purchased by 
school systemsat an ever-increasing rate; however, educational software 
is nut always available, especially programs systematically reIated to the 
objectivessf school science courses. The scarcity of suitable software, in 
our view, may soon push schools into purchasing imported software whose 
objectives may not be at all related to those of the provincial authorities. 

Politicat Context 

The third context of importance to science education is the political one. 
School boards and ministries of education function within a democratic 
system in which the public's expectations and demands have a real impact. 
Factors of specific importance in the political context sf science educa- 
tion are the public's beliefs about science and technology and their impor- 
tance, about the quality and effectiveness of schools, and about the relation 
of education to people's social and material wellbeing, 

During the deliberative conferences, some of the participants men- 
tioned the mistrust that a goad proportion of the country feels towards 
scientific and technological activity. This attitude derives in part from the 
ignorance that prevails about the role of science and technology in this 
country. Better science education is one means of providing a sound basis 
for individuals to develop new attitudes. 

The parents who participated in the deliberative conferences saw 
clearly the advantages their children can gain from a high-quality science 
education. Although they support the overall improvements of the school 
system, and of scienceeducation in particular, they still see a need to con-
tinue monitoring the performance of the education system. They want 
to know that their investment in education is being spent effectively. 

Students, too, are taking their education seriously, a1though they 
sometimes wonder if society has a role for them to play. industry, which 
is directly affected by the quality of the training its labour force receives, 
is willing to help in changing science education. The trade unions, facing 
problems such as health and safety at work and technological change in 
industry, are also very concerned about the scientific training that their 
present and future members receive. The universities and community 
colleges, for their part, have in no way lessened their expectations of science 
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Present Directions in 
Science Education 

Science for All? 

A scientific education must be accessible to all and adapted to the needs 
of ail. Despite the policies of ministries of education, we believe that ser- 
tain groups do not receive the high-quality science education to which 
they are entitled. 

Young children, being naturally curious about the world around them, 
can readily be taught science. Furthermore, if science is begun early in 
school, students acquire a good foundation and recognize its importance. 
Therefore the quality of science education in elementary schools is of vital 
importance. Unfortunately, it is at this level that the shortcomings of the 
system are m ~ s t  apparent. Information gathered at each of the provincial 
conferences tells the same story: very little science - and often, none at 
all-is tau@t in Canada's elementary schools. 

Data from our survey had already pointed to difficulties at this level. 
Only three teachers out of five now teaching science wish to continue cioing 
so. Nearly three-quarters of all early-years teachers have received no 
university-level education in science and over half have not taken courses 
in mathematics. Only one class out of five in the primary levels has specific 
faeili ties and equipment for science teaching. Thus,at the elementary level 
at Ileast, many Canadian children are not receiving an adequate scientific 
education. Council strongly deplores that this is so. 

The low emphasis on science in elementary schaols also exacerbates 
another problem - the tendency tor girls to opt out of science, especially 
physical science, as soon as they are permitted to do so. Perhaps many 
girls do not perceive science as being relevant to themselves because 
elementary school teachers, who are usually women, give science less 
priority. Certainly, girls do not participate in science courses in the same 
proportion as boys; consequently few women work as scientists in 
teaching, industry and the public sector in Canada. Because women are 
a minority in the scientific professions, they have less opportunity to 
participate in decision-making concerning the direction or rate of tesh-
nological change. In a world shaped by science and technology, Canada 
can no longer afford to shrug off the underrepresentation sf girls in science 
classes in secondary schools.' 

Some people maintain that there are genetic causes for the differences 
in intellectual orientation between boys and girls, and that hhese differ-
ences prevent girls from exceHing at science. Although this theory is not 
supported by any convincing evidence, it has received ample publicity 
that may indeed have influenced parents and teachers. The Science 
Council, however, finds the theory entirely inadequate to account for the 
large disparity in participation rates. 



In the Council's view, it is more likely that societal attitudes are 
responsible. The cultural and moral values transmitted by parents to their 
daughters from the earliest age tend to turn then away from science and 
technology. Such common actions as giving construction kits to boys but 
dolls to girls reinforce this attitude, and the reinforcement continues 
through the school system. Over the years, parents, teachers, guidance 
counsellors, curriculum d e v e l o p  and policymakers unwittingly contrib- 
ute ts discouraging girls from studying science and engineering and 
restricting their career spportunities. 

Another problem documented in the Science Council's study was the 
difficulty of providing a quality science education to francsphonee in many 
parts of Canada. Teaching science effectively in French outside Qudbec 
is m act sf some heroism. Provinces with Crancophone minorities 
encounter considerable difficulties in obtainin8 science teaching materials 
in French and in recruiting French-speaking science teachers. (Moreover, 
the popularity of immersion programs is increasing the demand for 
elementary science classes in French, and therefore the problem is affect-
ing an increasing number of students.) Council regrets the lack of resources 
that prevents fransophone minorities from enjoying universal access to 
high-quality science ducation throughout their years in school. 

Finally, at each deliberative conference, Council heard of the lack of 
challenge that science education offers to students who tend to be high 
achievers. Students who participated in the conferences emphasized this 
point and in some provinces the question provoked vigorous discussion. 
Council considers that science education should respond to the needs of 
all students, whatever their aptitudes or interests, and science education 
should also prevent both the most enthusiastic and the least interested from 
dropping out. This ideal has yet to be realized. 

Researching the Science Curriculum 

Describing the aims and objectives of school science programs is compli- 
cated by the fact that evidence collected at different levels can lead to a 
corresp&nding variety of concludons. At one level, the evidence consists 
of the program, courses of study or curriculum guidelines prescribed by 
ministries of ducation; these define the intended curriculum. At a second 
level, school boards, schools and teachers create the planned curriculum 
through local programs and lesson plans. Thirdly, ev~dt?nce from the 
classroom itself indicates the taught curriculum, which students actual] y 
experience. And finally, there is the lecrrned curriculum, the students" 
intellectual and practical achievements. In an ideal world, of course, 
examination of all four kvels would yield identical information. However, 
common sense suggests that this is never the case, and the study confirms 
this reality. Evidence from several levels was sifted to build up a compre-
hensive account of the state of science education in Canada. 



Aa the beginning of the study, the Council of Ministers of Education 
agreed to cooperate with the Science Council on condition that student 
assessment not be a component of the study, an activity they considered 
to be a provincial prerogative. Thus, the Science Council could not describe 
the learned curriculum; we did, however, conduct four research projects 
to amass evidence concerning the other three levels.2 We examined cur- 
riculum policies (guidelines) from every ministry of education for science 
programs at all levels to identify clearly the intended aims of science pro- 
grams. We surveyed nearly 7600science teachers throughout Canada to 
determine their priorities in planning courses and we reviewed the pref- 
aces of science textbooks to determine the intentions of their authors; these 
projects yielded information about the planned curriculum, Finally, we 
made a detailed analysis of the contents of more than 30 of the most 
commonly used textbooks, and carried out a series of eight case studies 
of science teaching in schools in various parts of the country; this work 
provided important evidence a b u t  the orientation of the taught cur-
riculum. And a1though we cannot infer that students learn what they are 
taught, we can reasonably assume that they are unlikely to learn what 
they are not taught. 

After we collected the documented evidence, we undertook two stages 
of validation. Draft reports were submitted to ministries of edusatisn for 
comment and, in the light of their advice, inaccuracies of fact and inter- 
pretation were corrected. Then the reports were distributed to invited 
groups of individuaJs (more than 300 in all) in every province and terri- 
tory. These included science teachers and officials within each provincial 
schooI system, representatives of the scientific community, both academic 
and industrial, representatives of labour and business, parents and 
students. Deliberative conferences were conducted in every province to 
permit these individuals to reflect criticaiIy en the present orientation of 
science education. Both the documented research and the views expressed 
at these conferences provided the basis for the Council's concfuaions about 
the present progress of science education towards the goals outlined in 
Chapter 2. 

Ministry Curriculum Guidelines 

All sf the aims for science education identified in Chapter 2 can be found 
in statements of ministry policy. In most cases, curriculum guidelines con- 
tain tong lists of aims (up to 15 in some instances) with little comment 
on their relative priority. The analysis of curriculum guidelines shows that 
all the provinces consider that learning science content and scientific 
method are essential objectives. In regard to the latter, the so-called process 
skills - observing, hypothesizing and so on - are often set out in the 
same form as learning objectives for elementary and secondary sehooIs. 
Rarely is a hierarchy of skills cross-referenced to different grades, ages 
or devdopmentaf levels .3 Yet one might expect that a student undertaking 
the study of, say, physics at grade 11 would have acquired at least the 



basic skills of scientific methodology at an earlier level. And although 
official guidelines often mention objectives for personal development, they 
are silent about how teachers could ascertain whether critical judgement, 
creative imagination or awareness of a citizen's responsibilities have been 
acquired by students. The same is true, in general, for all the goals stated 
in ministry guidelines. 

We n o t i d  also that most provinces recommend objectives concerned 
with the wience-thnology-society interaction in the middle years. The 
importance of this focus at aU levels was also agreed on in all the 
delibra tive conferences. 

The aims for dence  education (Chapter 2) include making students 
aware of the world of work and of the role of science and technology. 
Already, provincial school systems are showing a growing interest in 
applied science and engineering, including computer tecknoIogy. Possibly 
some of this interest is derived from the economic crisis and the popu- 
larity of slogans like "planning for the information society ." Whatever 
the stimulus, this interest is being translated into objectives that will take 
concrete form in the years to come. However, in view of the delay in devel- 
oping curriculum resources to reach existing objectives, the feasibility of 
tackling new objectives related to the renewal of education is problem- 
atic. Even now, the provinces have very few goals related to career 
preparation. Although secondary school is primarily intended to provide 
a general education for a11 students, no one can deny that it also has a 
role to play in making students aware of careers in science and technology 
and of the impact of technology in the workplace. 

Teachers: Their Priorities and Effectiveness 

In our survey, teachers were asked to assign priorities to 14different objec- 
tives for science education. Although official guidelines give no priority 
for these objectives, teachers do in fact choose what they consider most 
important to teach.The resuf ts of this survey give a good idea - at least 
at the Ievef of the planned curriculum - of the priorities sf teachers and 
how these differ according to the teaching level, 

In elementary schools and in the first years of high school, the devel- 
opment sf scientific skills and attitudes and of social &ills are top priorities; 
the acquisition of scientific content occupies only sixth s r  seventh posi- 
tion. In the later years of high school, however, teachers give first place 
to the learning of scientific content .' In general, teachers in elementary 
schools concentrate on a smaller number of objectives than their colleagues 
in secondary schools who, particularly in the senior years, tend to consider 
all objectives as k ing  important. 

The survey data also raised additional questions. In secondary schools, 
although 9 teachers out of 10 agree on the need to understand the role 
and importance of science in today's society, only half of them favour 
learning about scientific activity in Canada. Similarly, although teachers 
claim to be interested by the practical applications of science, they are 



not keen to know about the nature of technology or engineering. Appar- 
ently the here-and-now sf science is given little importance in Canadian 
schools. 

Teachers also rated their own effectiveness in attaining the objectives 
of science education. Not surprisingly, the objectives the teachers favoured 
were usually the ones they claimed to attain. There are exceptions, 
however, two of which concern the development of informed citizens. The 
objective concerning science in society is rated important by 9 teachers 
out of 16but only 6 out of 18consider they achieve this objective effec- 
tively. The same is true for the objective of developing the skills related 
to reading and understanding science-related materiab. Finally, the devel-
opment of social skills, which is considered important by 93 per cent of 
teachersin the first years of high school, isdairnd to be attained effectively 
by only 65 per cent sf them. 

Teachers therefore recognize the importance of making room for the 
social dimension of science as well as its practical applications. However, 
they r 3 ~not all wish to become involved in questions linked to the Cana- 
dian aspects of science and technology and they show little interest in 
setting science in a historical perspective. The interviews we held with 
teachers show that the argument they raise most often for staying within 
familiar boundaries is t im :  time to cover the program, time needed for 
discipline in the class, time spent on correcting and marking. Another 
argument is their own lack of training or professional development. 
According to teachers, their priorities are also shaped by a range of 
administrative constraints and a tradition of school mana~ement. These 
influences are directed almost exclusively towards two categories of goals 
for science education: personal development and preparation for further 
education, Aims concerned with developing informed citizens or preparing 
students for the world of work are given correspondingly lower prisrit y . 

Textbooks 

At the elementary level, teachers find books in the schoo! library the most 
useful resource for preparing lessons. In secondary schools, teachers also 
prefer to plan their courses around sciencx textbooks -and not only those 
authorjzed by the ministries of education. How well do these ttexthoks 
reflect the objectives of the ministries of education, and are textbook 
priorities the same as those of the teachers? We analyzed the stated 
objectives in a sample of science textbooks and found that the books are 
directed mainly towards two ministry objectives: learning science content 
and acquiring scientific skills. We also found some textbooks that were 
concerned with the science-technology-society interaction. These books 
are mostly nsw,intended for the first years of high school, and often have 
Canadian authors. In books such as ALCHEM and Sciencewags, every-
day problems are integrated with scientific content. On the other hand, 
older textbooks, particularly those used in the later years of high school, 
do not discuss kence-technology-50~et.yinteractions. These books, such 
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as the Physical Science Study Committee (ISSSC)and CHEMStudy, use 
an approach based on the nature sf science and its methods. The organi- 
zation of these textbooks, therefore, follows the structure of each scientific 
discipline. 

How do science textbooks and laboratoy manuals assist the attain- 
ment of the objectives sf science education? One way is by suggesting 
a whole series of experiments to train students in scientific method and 
let them "rediscover" or "verify" accepted scientific laws and relationships. 
The problem is that, in the majority of cases, neither the xien tific question, 
nor the design of the experiment, nor the application of the results are 
matters for class discussion. Instead, students are locked firmly, from the 
beginning to the end of a laboratory session, in a predetermined step-by- 
step procedure. By following directions in a laboratory manual, they learn 
to do what is expected of them, not to experience the real scientific method. 

Where the sdence-techology-societ y interaction is present in text- 
books, it often appears in the form of implicit messages transmitted to 
the reader. Because thew textbooks are relatively recent, they mostly reflect 
the attitudes that prevailed in the 19709: for example, concerns over pollu-
tion and the waste of natural resources. The student learns that science 
and technology are responsible for these but learns littie about how science 
and technology can also be used to rectify such situations or about the 
benefits that society gains from the intelligent use of scientific and tech-
nological knowledge. According to textbooks, any benefits from science 
and teshnoiogy come almost exclusive1 y from medical research. Few text-
books an physical science or general science refer to information tech- 
nology or telmmmunications, although these have been transforming our 
society for the last 20 years. These books also lack information about 
scientific careers and the world of work. 

Students and the Classroom 

The Science Council conducted case studies in science education in eight 
Canadian schools. This expieme let us compare the intentions and prior-
ities as stated by ministries, teachers and textbooks with what really 
happens in the classroom. 

At the elementary level, we found a wide gap between ministry inten- 
tions and classroom practice. Few Canadian elementary schools offer 
science teaching during a prescribed period, by a confident teacher, and 
with the support of adequate facilities. W e n  science is taught at the 
elementary level, it is mostly done in an integrated fashion. That is to 
say, by reading a book about science or by introducing; scientific or tech- 
nological aspects of a theme subject (like "water") and trying to respond 
to the interests of the students. 

In the junior high school years, science teachers are constrained by 
the limited time available for covering the subject matter and also by the 
energy they s p n d  on discipline and on encouraging good work habits 
in their students. Thus, content is given priority over all the other science 
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education objectives. Science at this level is often presented as a catalogue 
of facts for the students to assimilate as quickly as possible. 

In the senior years of hi@ school, the case study researchers found 
that time constraint? remain a crucial factor. The quantitative aspect of 
science occupies much sf the time available. The "right answer" counts 
most and therefore, answering the questions in the "right" way takes 
precedence over inquiries into the real meaning sf problems. Concern for 
students' own interests, which does occur in elementary science education, 
is lost in the senior years of high school. 

Of the four goab for science education outlined earlier, three appear 
at the level of planning: personaldevelopment, preparation for further 
education and the development of informed citizens. At the level of 
teaching, however, it is the second of these that, more or less by itself, 
justifies the existence sf science education. Although the idea of learning 
scientific skills is popular, teachers do not have any way of assessing 
whether scienceteaching really helpsstudentsbecome more scientific, show 
more critical thinking or exhibit more creativity. Similarly, although 
teachers want to develop enlightened citizens, the textbooks explain the 
science-twhnology-mcietyinteraction by giving examples like waste and 
pollution. These topics are afterthoughts, tacked on to traditional science 
teachi4 to be included if time permits. At the very time when young 
people are facing entry into a tough jobmarket, the scientific training they 
are receiving does little to prepare them for transition to a work world 
perrneated by science and technology. 



Chapter 5 

Conclusions, and -

Recommendations 
The Council is persuaded that there has never been a more opportune time 
for the renewal of science education in Canada. Moreover, this renewal 
can and should build on existing strengths and successes wherever these 
are found. During the course of the study,we saw many examples of dedi- 
cated, innovative and successful science teaching, curriculum development 
and teacher education (to note but three areas of science education) in 
every province and territory sf the country. These must be recognized 
and acknowledged, both for their own sake and also as the basis for future 
growth. 

Alongside these encourqing s i p ,  we also found some problems. 
Based on the study findings, Council has identified eight ways in which 
the renewal of science education can be initiated. These can be divided 
into three groups as follows. 

Science Education for All 
I .  Guaranteeing science ducation in every elementary school 
2. Increasing the participation of young women in science education 
3. Challenging high achievers and science enthusiasts 
Redirecting Science Education 
4 .  Presenting a more authentic view of science 
5. Emphasizing the science-technology-society connection 
6. Setting science education in a Canadian context 
7. Introducing technology @duCati~n 
Monit~ring science Education 
8 .  Ensuring quality in science education 
In this chapter, each of these general recommendations is described 

to summarize the position of: the Science Council. In Chapter 6 we discuss 
how they may be implemented. 

1. Guaranteeing Science Education in Every Elementary School 

Science education should be provided for all children in elementary 
schools in Canada. It is already written policy. Now it must be put 
into practice. 

Most children from kindergarten to the end sf elementary school only 
receivea token education in science -despite the policies of every ministry 
of education. There is an attitude of resignation about this in the schools. 
Teachers emphasize the subjects they believe to be essential - language 
arts and mathematics - sometimes spending more time on these than is 
actualiy prescribed. Certain subjects, such as physical education, are given 
specific facilities and time periods and they therefore use the time that 
is allotted to them. But science is not considered essential; it is not taught 
by specialists nor is it given special facilities or scheduling; it is therefore 



relegated to a secondary position. In view of the new scientific and tech-
nological skills that society demands of its members today, Council believes 
that, although the use of specialist teachers in science may not be appro- 
pria te at this level, the low status of science education in elementary schools 
is unacceptable. 

Much needs to be done to improve the situation: training for teachers 
who have no scientific background; support for those who do teach some 
science; prevision of adequate supplies and facilities; preparation of appro- 
priate curriculum materials. It should be possible to identify the elemen- 
tary schools wherehigh-quali ty science education is already being offered 
and take advantage of the expertise that has been developed there. 

Teachers often daim that science is "integrated" into other class activ- 
ities. In some cases, this approach involves using themes from reading 
textbooks, about pets for example, in order to get scientific information 
across to the children. The idea sf integration is so vague, however, that 
it can only be determined by close cfassraum observation and by inter-
views with teachers who say they use this method. The Conseil supbieur 
de I%ducatisn du Qudbec has complained about the position of science 
education in that province's dernentary schools and has recommended 
integration as a corrective itcp,] while admitting the impossibility of 
knowing exactly what each person means by "integration." Today inte- 
gration stands more for the ideal of an interdisciplinary approach than 
a truly practical and applicable solution. Council believes that, in the short 
term at least, specific attention should be paid to science as such and that 
it should be offered to all students in elementary schosis. 

Most provinces already state that about 20 per cent of the time in 
grades 1-6 should be spent on scien&. The Council considers that more 
than this proportion can readily be justified, but at the moment many 
elementary schools do not provide even the prescribed amount of time. 
Elementary school principals can show leadership in this area, in particu- 
lar by ensuring that all classes use the time allotcd for science. Also, parents 
must demand science education for their children. Some will argue that 
more time for science means less time for other subjects such as language 
arts and mathematics or a lengthening of the school day. This argument 
has merit but students also suffer if the curriculum is unbalanced - that 
is, if it lacks an adequate scientific component. In the short term, Council 
believes science should be offered in every elementary school class to some 
degree. In the longer term, we recommend an increase to 25 per cent of 
class time for science in all provinces, after the implications of doing this 
have been studied fully. 

Recopition must aim be given to the vital contributions of those men 
' 

and women who have resisted current trends and devoted their energies 
to improving the quality of scienceeducation at the elementary level. Same 
of these teachers kelp their colleagues in schools (but this seems to be rare); 
others write articles for the publications of science teachers' associations; 
still others help by ensuring that the scientific resources in a school 
district are available to all the teachers. Changes in science education 
should build on thew efforts and take advantage of this enthusiasm. 



2. Increasing the Participation of Young Women in Science Education 

Measures should be taken by educators to ensure that girls have 
improved opportunities and greater encouragement to participate fully 
in science and technology education. 

We have already noted with concern the low participation of girls in physi- 
cal science courses in school and the negative consequences of this for their 
opportunities to pursue scientific and technological careers. The effects 
of the home environment on girls' attitudes towards science, towards them- 
selves and towards future careers m obviously very important and parents 
who understand these influences can do much to shape their daughters' 
attitudes. It is themfore important to increase such parental understanding. 

However, schools must play their part too. We reject the view that 
low participation Is natural and therefore not a matter of concern. The 
question is not whether the schools should try to effect a difference but 
how such a difference can be made. Three areas appear to offer particu- 
lar promise: the currimlum, teaching methods and career cr~unse~ling.Each 
of these is discussed below in general terms and specific suggestions for 
implementing changes are. outlined in the following chapter. 

The Curriculum 
Students bring to school a wide variety of experiences and these, in turn, 
affect what they learn from the school curriculum. Girlshxperiences, 
unfortunately, are usually not those that the science curriculum takes for 
granted. Many girls lack the practical, mechanical experiences that are 
commonplace in the lives of boys. One study, for example, showed that 
78 per cent of 11-year-old girls had rarely used tools such as screwdrivers 
(compared with 45 per cent of boys of the same age).fWithout this kind 
of formative experience, it is difficult to understand some of the terms 
and concepts wikh which science lessons are constructed - terms such 
as vertical, force, angle, and s p d .  When science curricula for the early 
years are developed, the nature and quality of preschool experiences need 
to be taken into account. 

Girls must be able to identify with science and technology as muck 
as boys, and herein lies a practical dilemma. On the one hand, the teacher 
does not want to give the impression to students that there are two ver- 
sions of science, one for girls and another for boys. At the same time, 
the teacher needs to avoid choosing examples, for instance of the appliea-
tions of science, that reflect and reinforce male stereotypes and experiences. 
Teachers and textbook authors need to monitor their own practices care- 
fully to ensure that a balance is maintained. The implementation of a 
science-technology-society emphasis in science education will likely make 
science more attractive to girls because it will stress its human aspects -
that science is an activity involving people and affecting people in their 
daily lives. 

This emphasis suggests a third way in which the curriculum can be 
structured to make science more attractive to girls, namely by including 



material on women scientists. Most books about great scientists through- 
out history are about men,with the exception perhaps of a reference to 
Marie Curie. Making available accounts of the work of women scientists 
and inventors, particularly Canadians such as Ursula Franklin, Thdriise 
Gouin Dhcarie and Helen Sawyer Hogg, can help girls see the potential 
of a scientific career. 

Teaching Methods 
Although most teachers nowadays avoid the most overt sexist practices 
of the past, subtle messages are conveyed to girls about what they are 
expected to achieve in science. One study, for example, showed science 
classes in which boys and girls worked in a laboratory in mixed pairs; 
the boys manipulated the equipment and took measurements while the 
girls read the instructions and recorded results. In another, student teachers 
addressed most of their questions to boys. Such practices, even though 
they may be unnoticed and unintentional, make girls feel peripheral and 
uninvolved in science classes. Teachers need to be made aware of the pos-
sible unintended sideeffects of their ciassroom behaviour. This behaviour 
includes both what is done (as in the second example) and what is not 
done (as in the first). 

Career Counselling 
Many students in school have only vague and often inaccurate ideas about 
what scientists and engineers actually do. In fact (as we learned by analyz- 
ing textbooks), some misconceptions can originate in science classes. 
Students need better information. In particular, girls dto be made aware 
of the need to plan a career and of the career opportunities in science and 
technology. In England, one program has brought female scientists and 
engineer& into the classroom to kach lessons about science concepts that 
are used in their own work. This program has been popular with both 
male and female teachers and students. To create a classroom climate in 
which girls' interest and achievements in science are encouraged requires 
commitment to change by both parents and educators. 

3. Challenging High Achievers and Science Enthusiasts 

Students with a hi$ ability or special interest in science and technol-
ogy should have program provisions made to encourage and challenge 
them to furher inquiry. 

Some students need more challenge to reach their full potential in science 
education. These students do well in school, both in science and in other 
subjects, but the present educational system does not offer them enough 
challenge. Atthough school systems have been setting up various programs 
aimed at groups with special needs in the last few years, high-achieving 
students have often h e n  negiected -perhaps because they are considered 
to have a built-in advantage. Council greatly regrets this negles t, which 
jeopardizes one of the most valuable Canadian human resources. 



Some students, although they do not necessarily belong to the group 
of generally high achievers, do have a special interest in science and tech- 
nology. This interest is revealed by involvment in extracurricular science 
activities, an interest in keeping up-to-date with developments in science 
and technology, or simply the wish to do more science in school. Council 
believes that these students also should have a stimulating and instruc- 
tive experience of science, which encourages them to further inquiry. For 
this, sshooi systems should develop science enrichment programs or, where 
conditions are appropriate, special schools inwhich seknce and technology 
subjects are particularly featured within a general education program. 

4. Presentiatg a More Authentic Vkw of Science 

The view of science and technology presented to students should 
include historical, social and philosophical dimensions. 

The Science Council is concerned with the image of science conveyed by 
science textbooks. Research has shown that "textbook scienee" tends to 
be overly standardized and simplified in order to present a smooth road 
to scientific knowledge, But if science itsgff is a search for explanation, 
then surely science education must give students an authentic explana- 
tion of the way science works.3 The Council acknowledges, in general, 
the accuracy of the scientific knowledge contained in textbooks and has 
received few complaints about that. The probiem lies with the inadequate 
representation of the scientific enterprise and the consequences of this for 
students. 

A better portrait of science, we believe, should include the following . 
aspects: the history of scienee and technology, an account of their rela- 
tionship, and a reflection on the nature of scientific knowledge. 

The history of science and technology, particularly that of Canada, 
will show students how the social and political climate can determine 
whether scientific activity is valued or ignored, and whether the results 
of research are well used. Students should also learn about the constant 
interplay of science with technology, the latter being not just the applica- 
t i ~ nof science but also a source of scientific problems and a practical key 
to scientific advances. In this country, our scientific tradition owes muck 
to early achievement in fieids such as geology and agriculture and to the 
contribution of engineers in several areas. Council expects science educa- 
t i ~ nto give a fair account of the role of technology in the development 
of science. Finally, reflection on the nature of scientific knowledge will 
make students aware of eke limits of science. Although Council does not 
expect children or adolescents to be trained in the philosophy sf science, 
it does expect scienceeducators to be trained in this area, so that the science 
they teach will more closely resemble the scienee that is practised in our 
con temporary society. 

This more authentic account of science will benefit future scientists, 
engineers and technicians by giving them a realistic view of their future 
activities and a necessary awareness of how such activities are influenced 

I 



by the social and political system. Future citizens, also, will have more 
realistic expectations of science and technology and will be able to base 
their political and social decisions on a sound howledge of how science 
and technology function. 

Pinally, the history of science provides opportunities to reflect on &en-
tific knowledge; more importantly, it prom~tes values such as a respect 
for knowledge, humility, perseverance, coopera tion, critical judgement 
and striving for excellence. These are values to which both the Science 
Council and the ducation system are firmly committed. 

5. Emphasizfng the Science-Technology-Society Connection 

Science should be taught at all levels of school with an emphasis a d  
foeus on the relationships of science, technology, and society in order 
to increase the scientific literacy sf all citizens. 

Objectives of this type appear in the curriculum guides of all ministries 
of education but for the rnm part, little importance is given to them by 
teachers, textbook authors and other science educators, The Science 
Council s t r o d y  believes that our future citizens need to understand science 
and technology and the impact. of both of these on society. Accordingly, 
the Science Council regards this objective as an essential goal for science 
teaching in schools, and a matter of top priority at all levels of schooling. 

In the earhsh years of school (up to grades 6 or 7),this objective should 
be one of the most important because students are beginning to encounter 
science and technology in their own lives. At this time teaching about 
science m d  technology sh~u ld  makemaximum use of the children's innate 
curiosity about the world around them - both the natural, physical world 
and the constructed technological one. Special attention at this stage should 
be paid to the immediate environment of the student, be that northern, 
rural, coastal or urban. 

In the middle years of schooling, the teaching of science content 
becomes more systematic; students can then be offered a more detailed 
understanding of the science-teshnolom-societyinteraction. At this stage, 
they can be made aware that scientific and technological activities give 
rise to choices; and making these choices involves value decisions on a 
personal and a societal level. Teachers can encourage discussions about 
decisions and choices that the students encounter in daily life, such as 
environmental conservation and the wise use of energy. 

In the senior years, students are beginning to be more aware of public 
issues with scientific and technological components and of the political 
choices that must be made in relation to them. AIso, they can begin to 
understand more clearly the different functions and uses of science as a 
way of knowing, and of technology as a means of achieving desired ends. 
Both life science and physical science can be taught with an emphasis on 
science, technology and society, and students must be made aware that 
objectives in this area are as important as those concerned with learning 
science content or acquiring scientific skills. 



This emphasis for science education is not the only imp~rtant one. 
Students also need to develop scientific skills and learn about the nature 
of science. Teachers, however, cannot emphasize many things at the same 
time. Often, only the science content is really stressed. Teachers and cur-
riculum planners therefore need to make conscious decisions concerning 
which units sf a science course should be taught with one emphasis and 
which with another. Clearly some scientific topics lend themselves par- 
ticularly well to certain emphases. For example, ener8y and genetics are 
topin that should be presented with a science-txhology-societyemphasis 
at least once during a student's scientific education. 

In aspeakiw of emphasis, we da not mean something to be taught 
instead of a science topic, nor something to be added on after the "real" 
science topic is finished like the "'applications" sections sf some textbook 
chapters (which are often ignored). Emphasis implies a particular way of 
teaching the whole of a given science topic. For example, an understand- 
ing of the techniques used for separating mixtures of substances can be 
readily acquired by studyiw comrnwcial processes such as oil refining and 
water purification. The byproduct sf such an emphasis in the teaching 
materials is that students also learn how scientific techniques are used 
industrially. Curricula and textbooks are preoccupied with emphases con- 
cerning the development of science-related skills and concerning the nature 
of the scientific discipline. We are recommending here that these emphases 
be brought into balance with the ssience-technology-society one for the 
sake of promoting the general aim of "science, for the informed citizen." 

In regard to the question ofwhat proportion of a science courseshould 
contain an emphasis on science, technology and society, we make the 
following suggestions as a guide to curriculum committees and teachers: 

Early years (to grade 6);  50 per cent 
Middle years (grades 7-9): 33 per cent 
Senior years (grades 10-12): 25 per cent 
Sucha mbalancing of science programs will require changes to be made 

in ministry curriculum guidelines, in teachers' training, in textbooks and 
other curriculum resources, in teaching methods, and in evaluation 
strategies. Most s f  all, it will require the approval and commitment of 
all those inside and outside the schools who together are the stakeholders 
in science education and who can influence what takes glace in science 
classrooms. There are promising beginnings in several parts of Canada. 
Science educators should move forward rQ make this emphasis a significant 
part of every student's science education. 

6. Setting Science Education in a Canadian Context 

Science education in elementary and secondary schools should take 
into account the Canadian reality. Every Canadian student should 
know some of the history of science and technology in Canada and 
appreciate the importance of Canadian science and technology activity 
at lacal, regional and national levels. 



In the report of the Commission on Canadian Studies published in 1975, 
Syrnons noted that "Canadian school children learn of the accomplish- 
ments and impact of science in other countries, such as the Apofo flights 
and Sputnik, but they learn virtually nothing about the accomplishments 
and impact of science in their own country. And the reason is that they 
are not being taught such matter^."^ 

This cry of alarm was never really heard. With only a few exceptions, 
efforts in this direction are made on a local level without great resources 
and with very limited possibility for wider use. Relating science to the 
area in which the students live is often an activity for enthusiasts only. 

The Science Council believes that the science that is taught to young 
Canadians should be set in a Canadian context and that this context should 
include both historical and social aspects. Children in Canadian schools 
should learn how science and technology have con tribute$ to the shaping 
of this country. They should learn about the naen and women whose 
achievements and discoveries have been landmarks in Canada's scientific 
heritage. 'To encourage this teachi*, an information bank about these 
people should be set up and made available to teachers, to teacher educa- 
tors<and to the writers of school textbooks; access to the bank will also 
encourage publishers to include this information in their books. The Coun-
cil also appeals to universities and gsvernment agencies whose respon- 
sibilities include researching the history of our scientific culture and the 
preservation of Canada's scientific and technological heritage; these groups 
too should keep in mind the potential sf their work for contributing to 
the scientific education of young Canadians. 

Moreover, the move of science education towards an ernphask on 
the science-t~hnology-socie~interaction must be set in the context of 
Canadian reality. Although scientific knowledge is international in nature, 
it is supported economically, produced, applied and taught in a specific 
national context. Canada has many unique features such as its northern 
latitude and cold dimate, the long distances between centres of gopula- 
tion, and its abundant natural resources. All of these features make it 
different horn other industrialized countries. On the local level, these char- 
acteristics provide many special opportunities to explore the science- 
technology-seiety interaction. Thecommunications industry, the salmon 
cycle in the Atlantic provinces, the hydroeiectric industry in QuCbec, agri-
culture in Saskatchewan, mining exploration in Ontario and the Northwest 
Territories, forestry in British Columbia: these are just a few examples. 
The industrialization of Canada has also created an urban environment 
that is equally rich in such opportunities. 

One way of placing science learniqg in a Canadian context is by show- 
ing that the historical roots of Canadian scientific and technologicaI activ- 
ity lie in such fields as geology and agriculture but that, during the course 
of this century, these sciences and technologies have become subordinated, 
both in status and public interest, to the more theoretical sciences of physics 
and chemistry. As Wynne-Edwards and Neale explain: 

We came to accept, in the middle years sf this century, that science 
had evolved into separate disciplines in a complex pyramid of .  



dependent knowledge, with mathematics at the top, physics and 

chemistry just below and drawing on mathematical fundamentals, 

then the plethora sf Iih and earth sciences drawing on these three, 

and on the bottom tier, the applied sciences, such as agriculture, 

forestry, engineering and medicine, drawing from all above.% 


They go on to point out that children naturally encounter the sciences 

from the base of the pyramid first, moving upward only slowly by 

"successive steps of encounter, discovery, and rationalization. "6 HOW-

ever, education has not used upward steps to natural discovery but has 

tried to move from the top down in the pyramid of dependent knowledge. 


We have defined the apex of the pyramid as the basis of science, 

and the base of the pyramid as its derived and dependent end.. . . 

We have chosen to drive the pyramid of science into the heads 

of school children point first, with a stiff preliminary dose of 

"basic" mathematics and sciences taught in isolation. The result 

is so alienating to mast children that only a few persist to become 

scientists or engineers (in which ease they might just rediscover 

the "red" world around them at last).? 
Council believes that the time has come to reinstate the "macro- 

sciences" - geology, agriculture, botany, heal th science, and engineer- 
ing - as basic to education in elementary and junior secondary school. 
The more abstract "microsciences" of chemistry, physics, and advanced 
mathematics can,then be built on this firm base. Such a sequence from 
concrete to ilbstrasc would also be consistent with what we know of 
children's intdlectual development and might therefore counteract the 

nt difficulties encountered by younger adolescent students in csurses 
they find "too theoretical ." What is proposed is that the term "basic" be 
seen %s basic relative to the physical and intellectual development of the 
student, not basic to the logical structure of the subject matter. To some 
degree, this is being done in parts of Canada: a~icul ture  is taught as part 
of the Prince Edward Island science program; the geology of Newfoundhnd 
is a component of elementary science in that province. But much more 
can be done. The Science Council would like to see teaching materials 
developed that transform thew examples of "Canadianr1 science into ogpsr- 
tunities for all Canadian students to l e an  about science and about their 
country at the same time. 

Just as the science-technology-societyinteraction does not necessarily 
apply to every topic in the science curriculum, so making students aware 
of Canadian wientific and tecknologicai reality does not have to be done 
exclusively by the use sfpan-Canadian examples. In a country with the 
diversity of Canada, students in any particular region should learn about 
aspects of the science- technology-society interaction that are peculiar to 
that region. Furthermore, Council also believes that making this infor- 
mation available to students in other regions wiil help promote mutual 
understanding among the students of today who will be the participating 
cikizens of tomorrow. 



7. Introducing Technology Education 

Technology education should form a greater proportion of secondary 
school education for ail students. 

'This proposal flows directly from the Science Council's coneern that edu- 
cation should be more closeiy related to the world of work, not as a narrow 
vocational training, nor simply for nonacademic students, but in an intel- 
lectually challenging form designed for 911 students.We therefore suggest 
that all ministries of education develop plans for the introduction of tech- 
nology education as a subject in its own right for students at the seconhry 
school level. 

Technology has ken defined as "the totality of means employed to 
provide objects necessary for human sustenance and comFort."s Its start-
ing point is human need and its companions are the resources and 
constraints of human knowledge and natural resour~es.~ 

Like science, technology can be viewed as a processas well as a prod-
uct. The goals of a technology component of secondary school education 
must therefore include both a pedagogy of the "technaiogical product" 
and the &velopmenh of technobgical "process skills." This has been recog-
nized by the QuCbec ministry of education in its guideline for the 
compulsory pade  9 course, 'hitiation to Technology." 

A lesson in technology must be focussed on a technological 
product Q'objet technique). The study of the technological product 
involves finding out: 

why was it made? 
how is it made? 
how and why does it work? 
how can one make it? 

A technological study thus has two dimensions: 
an intellectual dimension: the design stage invoives logic and 
creativity, as well as mathematical, scientific and techno- 
logical knowledge; 
a practical dimension: the production stage involves imagina- 
tion, initiat ive, manual skills, form and detail recognition, 
as well as planning and organization. 

Thus a lesson in technology involves both knowledge and know-
how .lo 
Technology education should promote an understanding sf the 

problem-solving nature and purpose of technology and an awareness of 
the range of technologicaI activity and potential in Canada today and of 
its impact on Canadian society. The central focus of units or courses in 
this area must be on providing students with first-hand experience of %he 
technslogisal m~th~dology for problem solving through the extensive use 
of project work. For schools to provide these experiences will require new 
resources, teachers trained in new teaching methods, access to computers 
and to communications technology, and links to the world of industrial 
technology. 



Courses of this nature will be new to Canadian schools but we can 
build on the experience of others, In France and the United Kingdom, 
courses in technology within general education have been in development 
and testing for several years, mostly at the senior level. Of course, the 
complexity of the technolo~yand the degree of sophistication of projects 
will vary according to the level at which technology education is olfered. 
At grade 9 in Qu&bec, for example, the ministry of education suggests 
five broad themes: technology in your life, technology and construction, 
technology and mechanics, techn~logy and electricity, and technology and 
the world ofmanufacturing. At higher grades in the UK,students are asked 
to design a method for keeping milk without souring or to formulate 
spraying recommendations for obtaining maximum crop yield from 
vegetable 4 s .  

However, students must become more aware of the use of knowledge 
to satisfy human needs, and they must also learn the basic skills of tech- 
nology. Only then will they be more prepared for their participation as 
creative contributors to the world of work. 

8. Ensuring Quality in Sci5nce Education 

Assessment techniques must be developed and implemented for all 
the objectives of scienceeducation to inform individual students about 
their progress and to monitor the effectiveness of provincial science 
education systems. 

When achievement of educational goals is not rneasu~d,  those goals are 
not valued by students, teachers or the public; this fact has been well docu- 
mented. In this report, we have referred often to objectives of science edu- 
cation other than learning; scientific content and we have emphasized the 
value of teaching and learning science for the purpose of attaining broader 
educational goals. These goals, or them like them, have been part of the 
rhetoric of science education for years. Yet the examinations and tests of 
science courses, whether set by ministries of education or by teachers, have 
continued to focus on how much scientific knowledge has been acquired 
by the student. The effect of this has been that both teachers and students 
treat other objectives as unimportant extras to be attended to if time allows. 
And, as every teacher knows, time rarely does allow. 

Zn the United States, standardized achievement tests, notably the 
Scholastic Aptitude Test (SAT), are used extensively. This has led John 
Goodlad, a prominent educational researcher, to claim that American edu- 
cators tend to centre their activities strongly on what he describes as "the 
small piece of academic shoreline we measure with achievement tests."ll 
Public confidence in, and concern for, schooling in the United States rides 
up and down with the national average of the SAT scores. Goodlad 
comments further: 

As measures of school performance, standardized test scores fit 
comfortabiy with other measures sf our assumed well-being, suck 



as the gross national product (GNP)and the Dsw-Jonesaverages. 
A drop in scores calls for a hard-nosed dose of discipline and 
fundamentals in the schools.12 

At present, SAT scores in the US appear to be falling, and so public con- 
cern is bdng rnobiiized to improve education in that country. Goodlad 
is rightly concerned that a rise in SAT scores will again cause the public 
to become complacent about science education. Canadians do not have 
a tradition of standardized achievement testing. If provinces do develop 
such policies, they should lean from the United States that implementing 
a program of standardized tests does not, of itself, ensure that schools 
achieve the goals that are set for them. Tests must be designed to measure 
all the various goals, even though progress towards same goals is difficult 
to evaluate. 

The Science Council wishes to register its concern that students be 
assisted towards their educational goals by means of reliable measures of 
their progress and that the public Isegiven evidence that ministries of edu- 
cation and school systems are indeed monitoring the effectiveness of their 
science programs, Both of these require reliable instruments and appro- 
priate policies and, in most parts of Canada, the development of both 
of these is lagging far behind the curriculum developments to which they 
should be related. There are somepromising activities in progress, how- 
ever. Alberta Education is developing innovative testing instruments for 
scientific process skills; Ontario has policies in place for a "pool" of items 
for teachers to use for student assessment (afhough, regrettably, most of 
the science items to date are content measures only); Qu4bee has insti- 
tuted policies for the formative evaluation of student progress, which is 
desbned to provide feedback to the student dcring the learning process; 
British Columbia has perhaps the best developed system sf provincial 
assessment designed to provide input to the curriculum development pro- 
cess (science prqrams have now k e n  assessed twice using this system). 
These examples are evidence of what canbe done. Much more is required 
and experiences of individual provinces need to be shared. 

Ofparticular importante must be assessment instruments designed 
to measure progress towards such aims as creativity, probiemaolving skills 
and understanding about scieqce, technology and society. Progress in this 
assessment area is vital if the worthwhile aims of science education are 
to be taken seriously. 

Conclusion 

Many issues have been raised during the study, particularly in discussions 
at the deliberative conferences. AIthraugh this report singles out eight of 
these issues, the reader should not assume that these are the only direc- 
tions in which progress needs to be made. In the second chapter of this 
report, we presented four broad aims towards which the Science Council 
believes science education should be oriented. We repeat that we regard 
all of these to be important for every student in school. 



While we are optimistic about the directions recommended here, we 
reaIize that their implementationwill require a high degree of commitment 
and effort over a longperiod. Experience has shown that there are no quick 
ssiutisns and that education is remarkably impervious to change, espe-
cially change imposed from outside or above. The strategies for imple-
menting these recommendations (discussed in the foliowing chapter) are 
therefore as important as the recommendations themselves. 



- - 

Chapter 6 


Strategies for Implementation 

The changes recommended in Chapter 5 are the central conclusions of 
Council's study. But, as we have noted throughout this report, changes 
in education are often agreed to in principle, even stated in government 
policy, but fail to become established in practice. The specific recom- 
mendations in this chapter therefore focus on ways in which the eight 
general recomrndaticlns may be implemented. Effective change in schools 
requires the coordinated efforts of many individuals and agencies, hence 
the needfor many specific recommendations. They are grouped in seven 
clusters as follows: 

a. 	 Curriculum Leadership: Ministries sf Education (4 - 13) 
b. 	Cuniculum Leadership: School Boards (14 - 15) 
c. 	 CurPicuium Leadership: Schools (16 - 18) 
d. 	 Human Resources (19 - 30) 
e. 	 Instructional Resources (31 - 35) 
f . 	 External Ressurces (3- 44) 
g. 	 Research Resources (45- 47) 
These strategies are based on the assumption that renewal requires 

more than a change in what has been called the rhetoric of science 
ed~eat i sn .~  in the past, a change in rhetoric does not As we have seen 
necessarily produce change in practice. The major thrust of these stra te- 
gies is therefore towards encouraging and facilitating renewal of science 
education at the classroom Iwel. Real change is less dramatic, less con-
sgicuous, less politically rewarding than talk about change and it requires 
patience, understanding and commitment to achieve. 

For these reasons, the process of renewing science education must be 
rooted in the schools, it must be linked with the professional growth of 
science educators, and it must be supported and nourished by the public 
and by outside agencies with a concern for science education. This does 
not mean that ministries of education and their policies are of little signifi- 
cance. Indeed, as the first set sf rwommendations imply, ministries sf 
education have an important role of currieulum leadership, which must 
be properly exercised if science teachers are to be clear about what is 
expected of them, 

Curriculum Leadership 

In order that changes in science education can take place, a necessary con-
dition is that ministry of education policies explicitly promote the desired 
changes. The first group of recommendations addresses this condition in 
relation to the eight general recommndatians of Chapter 5. 

1. 	A1l~provincbl and territorial ministries or departments of education 
(hereafter "ministries") should require that science (including computer 



studies) be taught for at least 15per cent (i.e., 45 minutes per day, on 
average) of the curriculum at the early years of school (to grade 6 or 7). 

2 .  	 Ministries should outline, in all policy documents relating to science 
and technology education, concrete steps to be taken by educators 
to increase the participation of girls in science and technology 
education. 

3. 	 Ministries should ensure that science courses are made challenging and 
interesting to students of all ability levels and learning styles. 

4. 	 (a) Ministries should ensure that courses at all levels present a valid 
representation sf the nature of seience and scientific activity through 
the judicious use of examples from the history of science and through 
careful explanation of apparently everyday terms that are used by 
scientists in a specialized way (e.g ., terns such as "discover," "law," 
"ob~rve," etc.). 

(b)Elementary science programs should be focussed on the science 
of the student's environment and include material frsm such fields 
as geology, agriculture, forestry, botany, anatomy, engineering,health 
science and nutrition. Middle-years science programs shouldgradually 
add descriptive aspects of physics and chemistry. Advanced theoret- 
ical concepts should be postgoned untij higher-level courses or univer- 
sity. These policies should also influence textbook selection, 

5. 	 Ministries should incorporate a science-t:echnoIogy-societyemphasis 
in science coufses at all levels. (We suggest an emphasisof SO per cent 
in courses at the early-years level, 33 per cent at the middle-yearstevel, 
and 25 per cent at the senior-years level.) This policy should also 
influence textbook selection. 

6. 	 Ministrim should clearly state that Canadian examples sf scientific 
achievement of both men and women and of scientific and tech- 
nological impact should be used whenever appr~priate.This policy 
should also influence textbook selection. 

7. Ministries should develop courses in technology for use at high school 
level along with polides for their gradual implementation. 

8. 	 Ministries should require that studentshachievements be evaluated for 
the full range of science course objectives. 

The regular ongoing evaluation of ali the objectives of science pro- 
gramsat the school level should be a matter for teaches toplan and admin-
ister. For this,teachers should be provided with pretested items from which 
they can construct tests. In this way, they can ensureconsistency of stan- 
dards and allow for local variation in course content. At the provincial 

I 
I 

I 



level, such iteps can also be used for province-wide assessment programs. 
Given the high degree of commonality in science programs across the 
country and the considerable resources (especially of time and expertise) 
required for such test development, the Council suggests strongly that 
provinces should cooperate in this project . 
9. 	 Ministries should cooperate in setting up an interprovincial eomput- 

erized "item-bank" of tesad evaluation items as a resource for both 
local and provincial examinations. 

Apart from the need to assess the progress of each individual student, i t  
is also desirable that each ministry conduct province-wide assessments. 
The ministry can use this information to show that public investment in 
education is being monitored, and also to enhance the processes of 
curriculum review and improvement. In this regard, specially constituted 
committees can advise ministers on potential changes in the Iight of 
province-wide assessment o. 

10. Ministries should monitor the effectiveness of their science by regular 
assessments of students' achievements. 

11. (a) Ministries should set up provincial advisory councils for science 
ducation involving a broad spectrum of interested groups (en$., 
educators, policymakers, scientists, industrialists, labour leaders, 
parents and students). 

(b)These councils should regularly review science curricula and advise 
ministers on ways to improve policies and practices relating to science 
education. Councils could, in addition, perform other functions includ- 
ing the promotion of public interest in and support for science 
education. 

One way of stressing the importance of science in education is to 
require s t u h t s  to take more of it. Currently, only Manitoba requires 
students to take a science course in grade 41 in order to graduate from 
high school. In two provinces (Nova Scstia a d  Prince Edward Island), 
grade 9 science is the last cornpufsory coune. Council recommends a 
general increase to the grade 11 standard. 

12. blinisbries should require dl students to take a science course every 
year to grade 11 as a condition of high school graduation. 

Thepolicymaking function of ministries in relation to science educa- 
tion is usually dwussd on one individual in each ministry or department 
with specific responsibilities for science education; this individual may atso 
be responsible for additional subject areas. Rarely docs this person have 
any special training, professional assistance or support, or any opportunity 
to meet with counterparts in other provinces. Yet science educators expect 



this official to personify and regresent the ministry's leadership in science 
education in the province. Council feels that adequate recognition and 
support for these persons is often lacking both inside and outside minis-
tries. In this regard, we have been impressed by the Manitoba system of 
a "K-12 science working party" or standing committee (made up sf 
teachers and others) who advise and assist the department's science 
consultant in relation to science curriculum policy. 

13. Ministries should ensure that at least one staff member has exclusive 
responsibilitiesfor science curriculum policy. The designated person 
should receive training appropriate to the nature of the position, 
should be adequately supported through professional development, 
and be enabied to meet regularly with corresponding officials from 
other provinces. The Council of Ministers of Education, Canada 
should convene such meetings annually. 

Once appropriate provincial policies are in place, the focus of cur-
riculum leadership moves to the school board level, but ministries must 
also ensure that boards have both the authority and resources to implement 
science curriculum policies.* The Council hixi noticed during its study a 
great variability in boards' capacities to fulfill this mandate. Qne of the 
most significant factors, especklly in regard to science at the dementary 
school, is the presence sf an individual at the school district level having 
specific responsibilitiesin relation to scienceprograms. Such consultants 
(as they are often called) can provide a unique and valuable service of 
infomation and support for teachers and txho~lsin relation to their science 
programs. For example, the province of Newfoundland has chosen to pro-
vide consultants in every school district to assist in the implementation 
of an elementary science program through providing inSt!r~icetraining 
for teachers, The impact of these consultantshas been significant: 30 per 
cent more teachers in that province find their inservice educationprograms 
to be effective than is the case in the rest of the countty. The Council is 
convinced that an investment in such specialist resources at the district 
level is essentialfor improved elementary school programs. In small school 
districts, it might be possible to have such specialistsshared by two boards 
or for one individual to be responsible for more than one program area 
(e.g., science and mathematics). 

14. School boards should ensure that at least one staff member has specific 
responsibilitiesrelating to science programs. The designated person 
should receive training appropriate to the nature of the position, 
should be adequately supported through professional development, 
and be enabled to met  regularly with corresponding Individuals in 
other school boards. Ministries should facilitate such meetings on a 
regular basis. 

Additional recommndations affecting ministries of education include # 18, 22, 23, 29, 
30, 32, 33, 34, 35, 38, 41, 44 and 45. 



Another direct initiative, which school boards in relatively well- 
populated areas are encouraged to take, is the establishment sf high schools 
at which science and technology are especially featured. Such "high schools 
of science and technology" would be the focus of innovation, experiment 
and excellence for new courses and new teaching methods in science. 
Students would be pravided with a general education of the same type 
that is offered elsewhere but with expanded opportunities to study science 
and technofogy. The schwls would be staffed with the most competent 
and innovative science teachers available, be linked with science, engi- 
neering and education departments of local colleges and universities, bene- 
fit from close cooperation with industry and welcome girls and boys with 
aboveaverage interest or aptitude for science. School boards should ensure 
that these schoots contribute to the general improvement of science edu-
cation in the province (or region) by facilitating the dissemination of local 
innovations and by promoting models of excellence in teaching science 
and technology. 

High schools with a special orientation already exist in Canada. There 
are two high schools of music in Montreai, a high school sf the arts in 
Ottawa, as well as one focussed on science at the Ontario Science Centre 
in Toronto. The Council believes that Canada would greatly benefit from 
a network of such high schooIs. However, they must not operate in isola-
tion for the sole purpose of satisfying a group of individuals. The Council 
recommends rnajtirnum interaction between these schools and the others 
in order to contribute to the general improvement of science education. 

IS. 	School boards should set up, where numbers warrant, high schools 
of science and technology, in which students would receive a regular 
high school education but where science subjects would be pirticu- 
lady stressed. 

The major focus for the renewal of science educati~nshould be the school 
itself and it is at this level that m ~ s tcamrnitmeslt and effort is required. 
We am recommending that ministry policies be clear in their expectations 
and goab and that school boards provide adequate resources for the 
renewal process*;however, the key individual in the process should be 
the school principal. The intellectual and social climate of a school and 
the expectations and demands that these communicate to teachers are 
shown in our research to be major factors in relation to the orientation 
of science teaching. According to our case studies, social priorities rather 
than intellectual ones t a d  to dominate, even insecondary schools. Science 
teachers can become preoccupied with fostering diligence, precision, good 
work habits, attentivenem and the ability to follow instructions; canse- 
quently, little emphasis is given to logical argument, critical thinking, 
sekctiw judgement and creativity. All of these are desirable, of course, 
but the Council Mieves that the time is right to reemphasize the intellectual 
gods sf education, particularly in relation to science and technology. 

* Additionalrecommendatisnsaffecting~ h s 0 ' 1boards indude # 18,21,23,24, 29 and 31. 
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A rebalancing of these priorities cannot come about through ministry 
edict alone; it must be nurtured thro* leadership at the school level that 
recognizes the importance of the intellectual purposes of the school and 
that takes steps to ensure that thew purposes become the primary ones. 
The need for such leadership, again especially in the elementary school, 
can also be seen from our research data: nationally, over (50 per cent of 
elementary school teachers of science stated that there was "no particular 
leadership and coordination" of science at the school level. 

How should such leadership be exercised in relation to science? Our 
study and dimssions with educators have suggested that one major prob- 
lem confronted by teachers is their isolation, both from each other and 
the outside world. Once the classroom door is closed, they receive little 
support or advice and they have little opportunity to observe or consult 
with their colleagues. Another problem is that policy statements from 
ministries, together with the attitudes and operations of many board and 
school administra tars, st an image of teachers as"mere" implementers 
of glans for education drawn up elsewhere. Such an image is inconsistent 
with teachers' preferred view of themselves - as professionals who recog- 
nize students' needs and work to meet them, Yet a third problem concerns 
what Goodlad has called the "career flatness" of teaching - the fact that, 
for most teachers, the experience acquired from years in the classroom 
is rarely put to eflective use by the schools.2 

We believe that both the alleviation of these problems and also the 
grasping of opportunities for renewal of science education call for teachersr 
involvement in deliberations with each other at the school level. These 
deliberations should address new directions for science teaching, changes 
in teaching methods that these imply, and ways in which teachers them- 
selves can acquire the self-monitoringskills required For establishing new 
science teaching method^.^ This places the ultimate responsibility far cur-
riculum, instruction and evaluation on the teachers in each school wit11 
the "principal teacher" acting as initiator and supporter of the delibera- 
tive process, rather than as supervisor or administrator. Principals are not 
always trained for such a tok; indeed, some incumbents may not feel that 
they can accept it. But if the renewal of science education is to be a real-
ity, this approach appears to be the best, if not the only way of bringing 
it about. in this respect science is no different from other subjects; if these 
recommendations were implemented the entire curriculum would benefit. 

.6. Principals should initiate and actively support deliberations among 
their teachin8 staff about the science programs in the school, about 
the changes needed in teaching methods and in the evaluation of 
student achievement, and about improved means sf teacher develap- 
ment. Once these deliberations have been initiated, their regular 
organization can be delegated to a department head or other appro- 
priate person. 



97.Principals should ensure that it is possible for teachers to observe their 
colleagues' teaching, to develop the skills of analyzing teaching and 
to experiment with innovative methods. 

For teachers to discuss the dilemmas of teaching (and their private 
means of coping with these dilemmas in practice) openly and construc- 
tively among one another requires also that the climate of the school be 
as nonthreatening as possibleS4 Teachers, like other professionals, are 
sensitive to criticisms of their methods and personal styies. If they are 
expected to adopt new ways of teaching in mid-career, then the school 
must be a place where pedagogical experimentation -which necessarily 
implies the possibility of failure as well as success - is not just tolerated 
but actively encouraged and supported. A critical or threatening climate 
in which only success is accepted is hardly one in which renewal and change 
will flourish, School principals must have time and inclination to promote 
an appropriate climate, 

18. Ministries and school boards shsuid support principals in initiating 
deliberative processes among teachers concerning ways to improve 
science education. This support should indude, where necessary, the 
provision of administrative assistance to free principals' time for 
curriculum leadership responsibilities. 

Human Resources 

The strategies advocated here iink the processes af curriculum implemen- 
tation to those of teacher growth and developmenl. Indeed, the function 
sf inservice education for science teachers is inseparable from the process 
of science curriculum change, Since few new teachers are entering the 
school system, inservice ducation or retraining of teachers is now at least 
as important as preservice education in promoting the renewal af science 
education. Yet our research has shown that at present, for two-thirds of 
all science teachers, inservice education programs are either nonexistent 
or ineffective. One reason for this is the frequent lack of focus or long 
term purpose of these programs. If the renewal of science education is 
to be based in the school, then the school should also become the focus 
for planning and coordination of teachers' personal growth and continuing 
education. That does not mean, of course, that the resources sf a school 
are all that are required for inservice education. But the focus of planning 
and control should be at the school and very much a part of the delibera- 
tions among the teachers. 

Science teachers, as professionals, should be responsible for their own 
growth and development. At the same time, unlike some professionals 
in other fields, they are employed by publicly funded institutions. Accord- 
ingly, this development should be orient4 towards the gods sf the science 
program and the needs of the school. Furthermore, the professional devel- 
opment and continuing education of teachers needs to be pknned ow a 
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long-term basis, Inservice education needs to be individualizd, long term 
and school-focussed. At present most of the inservice programs designed 
for the professional development of science teachers are group-oriented, 
short term, and removed both physically and conceptually from the prob- 
lems of the classroom. Accordingly, the Council proposes that among the 
agenda items for in-school deliberations should be the professional 
development needs of the teachers. 

19. Science teachers should devdop annually, in consultation with the 
school principal, a three-year professional development plan setting 
out personal goaband developmental needs (in relation to the school 
science program) and strategies for meting these goals. 

Time for professisnal development is handled very differently from dis-
trict to district across Canada and sometimes proves to be a contentious 
issue. We believe that, in principle, time d ~ s  professional development 
should be provided by school h a d s  and teachers. In our judgment, a 
fair balance is represented by the following recommendation. 

20. 	Science teachers should use a minimum of 15 days annually for 
professional development activities, live of which may be during the 
regular school year (i.e., at the school board's expense). 

As we have noted earlier, there are examples throughout the country 06 
quality science teaching as recsmmendgd in this report. There are exem- 
plary elementary school science programs, there are teachers who have 
particular ways of teaching about technology in the Canadian context, 
there are inservice education programs that are school-focussed and long- 
term. Schml boards and psincipab should, we believe, make a greater 
effort to recognize these innovators and use their experience for the bene-
fit of others. Such experiences can often form the basi~ of useful inservice 
opportunit ies for other teachers. 

21. School boards and principals should encourqe innovation and exccl- 
lence in science teaching by providing opportunities for those with 
particular knowledge or experience to share it with other schools and 
other teachers. 

Even with improved sharing of expertise among schools and teachers, 
there m s t  be adequate numbe~s of well-trained teachers for science teach- 
ing. There are three distinct issues here: numbers - are there sufficient 
science teachers?; certification requirements - are the formal quaf ficationa 
required for science teaching adequate?; science teacher education pro- 
grams -do science teachers actudly receive what they need by way of 
preparation and training? In recent months considerable anxiety has arisen 
in the United States about the first of these. In Canada, a survey of school 
boards did not reveal any such shortage. On the other hand, although 



most teachers possess the formal qualifications required (by their minis- 
tries of education) for teaching dence, not all of them are equally equipped 
to do so. At the senior secondary ievel, for example, over 85 per cent of 
science teachers have degrees containing at least some science; 16 per cent, 
indeed, are at the postgraduate level. By contrast, at the junior high level, 
over one-third of those teaching science have had no university science 
courses, and in the early years, three-quarters have had no f o m d  
education in science since they were in high school. 

What isdisturbing about these facts is that, in the eyes of most minis- 
tries of education, all of these groups are equally "qualified" to teach 
science. Teachers' certificates in most provinces are of a general nature; 
that is, they do not specify tho= subjects that the holder is qualified to 
teach nor the level at which a subject may be taught. The Council regards 
this practice as unfair to the teachem and the students. Students at all levds 
are entitied to be taught science by someone with at least some university-
level training in the subject and teachers without such a background who 
are assigned to teach science should be provided with appropriate 
upgrading by their employer. 

22. (a) Ministries should indicate on teaching certificates those subjects 
that teachers are regarded as qualified to teach as a result of their 
having completed a minimum number of university courses in the 
relevant subjects. 

(b) Ministries of education should consult with science teachers, 
deans of science and deans of education in determining the precise 
requirements in each province. 

The designation of subjects that teachers are qualified to teach would be 
of litde significance if these qualifications are Ignored when teachers are 
appointed OF laid off. Tkese matters are subject to collective agreements 
between educational authorities and teachers' unions. 

23. Ministries, school boards, and teachers' unions should recognize the 
vital importance of maintaining well-prepared teachers in the class- 
room by taking teachers' qualifications as well as seniority into accsunk 
when negotiating collective agreements. 

Even if the system of "bumping" teachers is adjusted as recommended here, 
wme unprepared teachen will inevitably be assigned science classes. Under 
these circumstances, the Council considers that school boards, as 
employers, sh~u ld  accept responsibility for providing appropriate training 
to the teacher. 

24. 	Where teachers assigned to teach specific subjects lack the appropriate 
background, school boards should require teachers to take additional 
training in those subjects and should provide time for suck additional 
training. 



Although the Council did not extend this study to university science 
education, that is where science teachers, at least secondary school 
teachers, are taught their science. There they are either taught or not taught 
about technology, about the history and philosophy of science, about the 
Canadian context of science, and there they develop attitudes about the 
relevance of these and other important matters. What sttutu teachers iearn 
is not a concern for faculties of education done, even though they tradi- 
tionally interpret certification requirements and the overall university 
requirements for teachers inany given province. Indeed, education facul- 
ties encounter students for professional training who have already formed 
their knowledge and attitudes on these matters. In science courses, uni- 
versity stetdents form attitudes (often on the basisof offhand and implicit 
communication) about engineering, about the history of science, about 
the significance of Canadian contributions to science and technology, about 
ethical and other societal concerns associated wIth scientific endeavour, 
and even about the importance of science teaching in schools. Faculties 
of humanities and engineering also have a role to play if the university 
requires that science teachers study, for instance, the history and phi- 
losophy of science and the nature of engineering as a foundation for tech- 
nological development. At least four university faculties ought to have 
a significant role in the development of well-informed science teachers, 
and indeed the entire university has an obvious stake in the outcome. 

25. 	Presidents sf all universities preparing elementary and/or secondary 
school science teachers shauld ensure that deans sf education, science, 
engineering and humanities cooprate to make provision (both in poli-
ties and in course offerings) for adequate science teacher education 
programs. Special attention should be given to developing teachers' 
understanding of the ghjlosophical, social and historical context of 
both science and technology, as well as to the strength and breadth 
of their background in scientific subject matter. 

Attracting top quality students to professional training in science educa- 
tion is too important to be left to chance. Although academic entry require- 
ments to faculties of education can provide a check on the academic 
standard of science teachers, other measures can assist. 

26. University and other postsecondary faculties of science and engineer-
ing should make special efforts to encourage highly qualified students 
to pursue careers in science education as well as in science and 
engineering. 

If science teachers are to teach about such matters as science in a social 
context or the rok of science in technological development, then they will 
need to be taught how to do so. Similarly, if the men and women who 
teach are to encourage both girls and boys in science, then teachers need 
to learn about the ways in which social attitudes can condition girls and 



boys to develop different expectations of themselves, different feelings of 
competence and difkrent degrees of intere~t in science and technology. 

27. 	University programs should prepare science teachers to use an array 
of alternative teachinlg methods and programs in order to have students 
reach correspondingly different objectives in science education. In 
particular, teaching methods about the interactions of science, 
technology and Canadian society should be stressed. 

28. 	University programs shouid prepare science teachers and sounsellors 
to understand the part fcular society-induced difficulties faced by gkls 
in relation to science ducation, and to develop methods of csmpen- 
sating for these difficulties. 

Even though preservice science teacher education programs aught to 
involve many aspects of science education, only a few are feasible. Maby 
aspects of science teaching cannot be taught to teachers-in-training before 
they have acquired the basic competencies of teaching. One of the major 
functions of presetvice teacher education is to enable the novice to "sur-
vive" the first year of tea~hing .~Under such circumstances, students at 
this stage of their professional growth cannot be expected to master alter- 
native at yies of teaching appropriate to different types of educatisna! objec- 
tives nor t s  acquire the skills of self-monitoring essential for teacher 
growth. 

Yet, despite this constraint on what is feasible in preservice training, 
teachers -perhaps uniquely among professionals -are regardedas fully 
qualified immediately on completion of their formal university training. 
Any expectations they have for further training are largely a matter of 
personal motivation, and frequendy they experience a discontinuity be- 
tween preservice md inserviee teacher education and between under- 
graduate and graduate study in education. Teacher education must be 
organized to provide a learning process that continues on into the inser- 
vise years, and teachers must be motivated to participate in this career- 
long learning. Otherwise, science teachers maynever develop beyond the 
stage at which they first entered the classroom. And if their major orien- 
tation then was towards teaching science content for its own sake, that 
orientation can remain unchallenged indefinitely .New approaches to train- 
ing science teachers are therefore needed: to stress continuous learning 
over a period of several years (following entry into the profession); to 
link the undergraduate (BSc/BEd) programs with graduate (MSe/MEd) 
programs; and to deveIop higher Ievd professional skills (such as those 
%ssociatdwith curriculum development and with the analysis of science 
teaching). 

29. 	University faculties of education, in consultation with other faculties 
within the university, ministries, school boards and the teaching pro- 
fession, should develop and test new models of continuous teacher 
education with bstk presewice and inservice components. 
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These long-term changes to the system of preservice education of 

science teachers will not, however, alleviate the immediate problems of 
teachers who are currently in the schools but whose own training is now 
seen to be inadequate. Elementary school teachers, in particular, require 
retraining urgently if they are to be able to teach science properly. They 
require not only content knowledge of science, but also knowledge about 
science and science teachins methods. A special effort is required so that, 
by 1990,every teacher of science in C9nada will have taken at least one 
university course in science or science teaching. We estimate that at least 
50 000 teachers now teaching in schools are in need of such a course. 
Accordingly we propose a series sf summer institutes to be conducted by 
university faculties of education in every province; the program will draw 
on existing expertise among science teachers In elementary schools. We 
stress that such a program is not a permanent solution, but a short-term 
(five to ten pars)  strategy to ensure that the present generation of 
Canadian students can receive immediate benefit. 

38. 	Ministries of education, in conjunction with faculties of ducation, 
should establish special summer institutes in science education for the 
purpose of upgrading science teachers lacking appropriate prepara- 
tion, and take all necessary steps to ensure that teachers needing to 
attend them are able to do so. 

Instructional Resources 

Teach*g science well also requires adequate facilities and equipment. This 
usually means that students should be guaranteed access to a laboratory 
or science room equipped with running water, natural gas and a number 
of electrical outlets. Most high schools actually have these facilities. At 
the elementary level, however, fewer than one teacher in five has even 
occasional access to a room equippedfor science activities. Moreover, ele- 
mentary sckrosl teachers often lack appropriate curriculum resources (hard- 
ware, csnaumables, kits, etc.) for science courses. In order to provide 
elementary science teachers with such resources, the Calgary Public School 
Board operates a resource centre where a large number of equipment kits 
are collected, maintained and stored under the supervision of a full-time 
technician. Teachers pick up the kits they need, bring them to the school, 
use them and share them with colleagues before returning them to the 
centre. There, consurnables are replaced and the kits, after maintenance, 
are again available t s  teachers. The Science Council believes i t  to be an 
interesting and innovative solution to the problem of the lack of science 
resources in she elementary school. 

31. 	(a) School boards should ensure that all classrooms in elementary 
schools zue appropriately and safely eqluippd in order to allow science 
activities to take place. 



(b)Wherever the material to carry out scientific experiments or dernsn- !I 
strations is lacking, school boards should establiih a science resource 
centre where such material is made available for elementary science 
teachers. 

Teaching science requires more than well-trained teachers and 
adequate facilities, however. Our research has shown that, not only do 
90 per cent of students at senior levels of high school use a science text- 
book, 80per cent sf their teachers use textbooks as the main resource for 
lesson preparation. And, as our analysis of textbooks now in use has 
shown, the orientation towards science, technology and Canadian society 
is only present in a few of them and rarely in a balanced form. In days 
past, it might have been regarded as reasonable under the circumstances 
to settle for less than satisfadory books (usually obtained from the United 
States). The reasons for no longer doing so are overwhelming. When the 
goals of science education merely involved the learning of science con- 
tent or acquiring scientific skills, it could be argued that these goals are 
supranational and therefore texts from any source should be adequate. 
Now that the goals of science ducation concern science, technology and 
society, Canadian books must h developed that deal with the impact of 
science and technology on Canadian society. 

Our analysishas also shown that the student activities prescribed in 
laboratory &mluls develop only the lowest-level scientific skills. Yet 
guidelines from nearly every province call for the development of critical 
thinking, creativity and a realita tion of the limits of scientific inquiry. 
Textbooks must take such objectives seriously and provide teachers with 
improved teaching strategies and evafuation suggestions for laboratory 
activities. 

Despite the need for such books, economic factors will discourage their 
development in the foreseeable future unless new structures are established 
for this purpose. Commercial publishers are constrained by the limited 
overall size and fragmentation of the Canadian market and by the need 
to obtain separate approvals for each province, They therefore esncen- 
trate on textbooks with a traditional orientation -what teachers are used 
to - and on the science topics prescribed by ministry policies. Authors 
and publishers have little incentive to be innovative. The problem is not 
new in Canada; the operation of a completely free market is not always 
in the best interests either of the country as a whole or of the provinces 
(only Ontario and Quebec have large enough populations for real 
competition among textbooks specially written for their programs). 

Ministries should provide special guidelines for textbook authors and 
publishers. Theseguidelines should specify precisely all the objectives that 
the textbooks should take into account and rehted criteria for the eval- 
uation of the textbooks. The example of the Qu4bec ministry" 'Direc-
tion du mat4riel didactique" (curricdurn~ W U ~ C ~ Sdivision)is particularly 
noteworthy in this respect. While this policy model may not be univer- 
sallyapplicable, other provinces are encouraged to consider it. Our recom- 
mendations therefore concentrate on the need to bring commercially 
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The presence of computers in an increasing number sf Canadian 
schools offers unparalleled opportunities for the improvernent of educa- 
tion (including education in science) if opportunities to use them intelli- 
gently are grasped and exploited fully. It would be disastrous if they were 
used merely to automate the mistakes or inadequacies of the past. We 
see their potential in terms of making possible, in a new way, the achieve- 
ment of aims set out in this report. First, "Science for AI"'can become 
a reality if computers are used to enable each student to learn science in 
an individualized way. This will require research into how children learn 
compIex concepts and into how teachers can best use computers to this 
end. Second, the emphasis on science in a technological and societal con- 
text and on technological problem solving requires that new teaching 
approaches (such as simulations)be available to teachers. Computers cart 
facilitate the use of such methods if appropriate software is developed. 
Both of these goals urgently require nationwide cooperation in research 
and development .The alternative is the extensive importing of educational 
software, a process that not only has negative economic consequences but 
also effectively exports our educational decision making. 

3.(a) Federal and provincial governments should colllaborate in setting 
up centres for research and development in computer-aided learning. 

(b)Mimistria should ensure that software to be used in school science 
courses is coordinated with all the aims of science education. 

External Resources 

For teachers to be able to relate science to technology and to social issues, 
they must themselves receive up-to-date and helpful support and assist-
ance. Many organizations and groups of individuals in Canada can sup- 
post science education in this way and some are already doing so.We 
have already discussed the role of the universities; other groups include 
the scientific community acting both as individuals and through their pro- 
fessional organizations; labour and industry, especially those companies 
having a particular orientation towards science and technology; public 
institutions concerned with science and technology including government 
departments, museums and scienee centres; and the general public and 
local communities. 

The scientific and engineering professions in North America have often 
been muck further removed from the activities of school science educa- 
tion than have their counterparts in Europe. Here university scientists and 
professional engineers are rarely active members of associations of science 
educators. Yet their stake in school science is obvious. The Council believes 
that the science and engineering communities should be more supportive 
of those who teach science in school and offers two practical suggestions 
for demonstrating such suppork. 



36. The Royal Society of Canada in cooperation with the Canadian 
Association for Science Education should provide annual awards for 
excelHenee in science education. 

37. The Royal Society of Canada, L'Association eanadienne-franqaise pour 
l'avancment des sciences (ACFAS), the Association for the Advance- 
menk of Science in Canada (AASC), and other associations of scien- 
tists and engineers should identify (to ministries of education and to 
science teachers' associations) those of their members who are willing 
to contribute time and advice to science curriculum development and 
inservice eduea t ion. 

Science-based industry also has a major interest in the quality of 
science education in schools, as was demonstrated by the participation 
of representatives sf business and labow at the provincial deliberative con- 
ferences. It is a sad fact that many teachers of science have little s r  no 
first-hand experience of industrial applications of the science they teach. 
There are many ways to rectify this lack of experience. Science teachers 
could spend time (e.g., during the summer or while on study leave) in 
an industrial setting. A comparable experience might be provided by a 
university or government research centre in science or engineering. Under 
certain circumstances, teachers might be given credit for such experience 
towards a graduate degree in education (in a system similar to the 
University of Waterloo co-op undergraduate programs). Scientists and 
engineers from industry could be invited to visit schoolls to give demon- 
strations or lectures. As the experience of the SEEDS foundation has 
shown, industry can contribute significantly to the development of 
curriculum resources (see recommendation #34) and to the sponsorship 
of speciai fe'llowships for science teachers (e.g., the Shell merit fellowship 
program at the University of Calgary) or of awards for excellence in science 
education (e.g., recommendation f36). Many projects are taking place in 
Canada in which schools and local industries are working together for 
the improvement sf education. But more can be done. 

38. Science teachers' associations, industrial organizations and ministries 
of education in each province should establish task forces to recom- 
mend ways in which science educators.and industrialists can cooperate 
for the improvement sf science education. 

There are many avenues of support for science education that are 
sometimes overlooked by teachers. Some of these, such as the media (both 
electronic and print), museums and science centres have a partly educa- 
tional function themselves, while others such as government departments 
and other public institutions often possess scientific or technological infor- 
mation of potential value to schools. All of these can help both teachers 
and students learn more about science and technology in a Canadian 
context. Better liaison is required, we believe, between the producers of 
information and the consumers of it in schools. 



39. 	Teachers should ensure that science columns from newspapers and 
magazines as well as magazines devoted specifically to Canadian 
science and technology (such as Science Dimension) are available in 
schools and that they are used in class whenever appropriate. 

40. 	(a) Ministries should ensure that museurns and science centres are 
aware of science mrricula and that these institutions promote resources 
having particular importance to those curricula. 

(Is) Teachers should ensure that they are aware of the potential uses 
of suck out-of-school resources as museums and science centres, and 
that these are used to enhance their science programs in school. 

41. 	Science teachers' associations should investigate sources of scientific 
information at all levels of government and make the results of such 
investigation available to their members. 

With the need to promote greater participation of girls in science and 
technology, the schools must play their part as we noted in Chapter 5. 
But they cannot be expected single-handedly to alter traditional attitudes 
about girls and science. There is a strong case here for a national infor- 
mation program on this subject. 

42. 	The Minister of State for Science and Tgcknolsgy and the Minister 
responsible for the Status of Women should together sponsor a large-
scale public information program directed especially towards parents 
and designed to raise public awareness of the need for girls and young 
women to participate in science and technology education. 

There are, finally, many resources for science teaching to be found 
in local cornmunit ies, among parents and members of the public. All that 
can be done to bring science and technology into the school from the sut- 
side world should be done. Teachers and school principals should ensure 
that their relations with parents' groups are such that no opportunities 
are missed for drawing ow this type sfexperience. Two volunteer-based 
organizations dedicated to bridging the gap between schoola and their 
communities are the Youth Science Foundation and the Conseil de 
dbveloppement du loisir scien tifique. They organize science fairs, publish 
periodicals (Youth Science News and Science-L~isir),and promote 
community interest and involvement in science. Plans for development 
and expansion are in place: all that is required is additional funding. 
Principal sources sf funds are the federal government with provincial 
governments and industry also providing support. 

43. 	Funding for the Youth Science Foundation and the Conseil de dbve- 
logpement du l~is i r  scientifique should be increased and guaranteed 
for a five-year period. 



The degree of public support for science education is, of course, related 
of public awareness. Ministries of education, science teachers' 

organizations, and others involved in science education must take steps 
to make the public more aware of what is being done in science education 
and what ought to be done. On a local level, such activities as a science 
open house, a science fair, or a technology fair are useful means of doing 
this. On a broader level, the occasional national conference focussing 
on the importance of science education would raise the profile of this 
important activity. 

44. 	All levels sf government should cooperate with scientific and teachersf 
organizations in periodic national conferences on science education, 

Reswch Resources 

Further research is required in many of the areas identified in Chapter 5 
as initiatives for immediate action. or example, the development of kience 
education teaching methods oriented t o k i d s  the science-technology- 
society interaction requires more conceptual work and empirical testing. 
The experiences of girls who study science in Canadian schools have 
scarcely been examined. Even data concerning their enrolment in science 
subjects are not always available. And the development sf new forms of 
evaluation for science education corresponding to the more complex 
objectives is still in its infancy. 

Canada has adequate numbers of excellent science education 
researchers, as the special interest, group in science education of the Cana- 
dian Society for the Study of Education demonstrates. Furthermore, the 
work of m;ny of these researchers is known internationally; in the area 
of science-technoloa-%ocietyeducation, for instance, Canada has taken 
an international leadership rok. But one of the worst problems for science 
education researchers in Canada is h e  extent of their separation. Because 
of the provincial bags of education, science education researchers are thinly 
spread across Canada rather than concentrated in centres where a "criti- 
cal mass" might result in a larger volume of significant work. The Council 
therefore proposes the setting up of a research centre with a program 
focussed on science-technology-society education to function as a network 
of university researchers from all of Gnada who are doing work 
in this field. 

45. 	hinterprovincial research centre should be established and supported 
by both federal and provincial governments. The mandate of the 
centre would be to investigate new approaches to teaching science, 
especially in relation to technology and Canadian society. 



A mew and useful research project in Canadian science education 
would be one that has already been implemented in the United States. 
En that country, a nationwide "search for excellence in science education" 
has been instituted by the National Science 'l-'eachers"~ociation and 
50 cases of excellent science teaching in schools were identified in 1982. 
If such a program were mounted in Canada, researchers could contribute 
to our collective understanding of excellence in science education by 
conducting case studies of these exemplars. 

46. 	The Canadian Association for Sciem Education (CASE)together with 
bhe science education special interest group of the Canadian Society 
for the Study of Education (CSSE)should develop a program to idem- 
tify and describe examples of excellence in Canadian science education. 

In addition, many of the recommendations in this report urgently 
require research and development funds over the next several years.The 
Social Sciences and Humanities Research Council of Canada (SSHRCC) 
is responsible for research support in the field of education and the area 
of science education is closely related ts one of its present areas for strategic 
funding: the human context of science and technology. 

47. SSHRCC should set up a sub-program sf strategic grants for research 
in science education related to implementation sf recommendati~ns 
from this report. 

Conclusion 

If these recornmenda tions are implemented, an unprecedented stimulation 
of science education will take place in Canada that will directly benefit 
every Canadian child now in school as well as the next generation. Such 
a benefit requires an initial investment and the Council has considered 
the costs oh implementing its recommendations. Over half of the recom- 
mendations (26out of 47) can be implemented at no additional cost to 
the taxpayer. This is the case, for example, in ensuring that textbook 
authors include Canadian examples, that teachers use classroom practices 
that encourage girls to study further science, and that science teacher 
education programs include information about the history of science. We 
estirna te the costs of implemen ting the remaining recommendations at 
$155 million spread over five years (see Appendix for detailed estimates). 
Expressed in other terms, this is 0.154 per cent of present expenditures 
for elementary and secondary education in Canada or about $6.28 per 
student per year. The Cowcil regards such an investment as modest given 
the expected benefits and as consistent with the climate of restraint now 
evident throughout the country. 



The major theme sfthese recomrnendati~ns has been the need for 
leadership on the part of ministries of education, school boards, and the 
teaching profession. They cannot, however, be expected to provide this 
leadership in a political vacuum. When parents and other members of the 
public unite in support of education change, then plans can became reali- 
ties. The Council has described in this report goals for science education 
that are feasible and urgently needed. We now call upon the Canadian 
people to ensure that the renewal of.science education - both at the 
provincial anand the local level -becomes a reality. Our children deserve it. 
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Appendix 

Cost ÿ stir nates for 
Implementing 
Recommendations 

Recommendation 	 Cost 5 Yr. Cost 
$ $ 

thousands thousands 

9 .  	Test-item bank 

10. Provincial assessments 	 3 000 3 WO 

11. Provincial advisory councils 

13. Science consult ants (ministries) 

14. 	Science consultants (boards) 
300 full-time equivalents 

45. 	High schools of science and technology: 10880 a0 OW 
10 schools, 500 students each, start-up 
costs 

21. 	Outstanding teachers: 125 full-time 5000/yr. 25000 
equivalents 

29. 	Research on new models of teacher 300/yr. 1 508 
education 

30. 	Summer institutes 2 000/yr. 10000 

31. Facilities & equipment, 
elementary schools 

34, 	Canadian Foundation for S&T education 15 060 15 000 
(trust fund) 

35. Research centres (computer-aided learning) 2 006 10 888 

36. 	Royal SocietylCASE: 5 awards per year, 12.5/yr. 62.5 
$2 588 each 

37. 	Part-time staff person BB/yr. 50 



38. Industry/schsol task forces 

42. Publie information program 

43. YSF and CBLS 

44. National con Cerenee 

45. Research centre 

46. Project "exeel~enee" 

47. SSHRCC strategic aants 

Total cost (5 yr.) 
Average cost per year 

Total expenditure on education 
(elementary and secondary levels) 1983-84: 

Total elernentary-secondary enrslment, 
1983-84: 


Total cost of implementing recommendations, 
as a percentage of the total cost of education: 

Total cost per student per year: 

thousands thousands 

50 50 


200 2m 


150/yr. 756 


250 258 


b00iyr. 3000 


200/yr. 1 QBO 


200/yr, 1000 


4 946 690 students 
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III. The Context of Science Education 

1.This and subsequent data are drawn from: Graham W.F. Brpwood and Jean-Pascal 
Souque st a/., Science Edatcntiorr in Canadian Schoob, Background Study 52 (3volumes), 
Science Council of Canada, Ottawa, 1984. 

2 .  Pi-Uon Trempe, '2avoisim: Science Teaeking at an hole Polpalente," in Science 
Edueatiori in Canadian Schoob, volume 111 (Case Studies of Science Teashing) edited by 
John Olson and Thomas Russell, Background Study 52, Science Council of Canada, Ottawa, 
1984, p. 233. 

IV. Present Directions in Science Education 

1. This point is amplified in Janet Ferpjuson (ed.),Who Turns the Wheel?,Proceedings 
of a workshop on the science education of women, Science Council of Canada, Ottawa, 1982. 

2. Graham W.F.Chpwoo$ and Jean-Pascal Sauque, Science Education irr Canadian 
Schoob, volume 1 (lntroduetionand Curriculum Analyses), Background Study 52, Science 
Council of Canada, Ottawa, 1984. 

3. A notable exception is Bernie Galbnith, Science Paocess Skilts and the Alberta Ssimce 
Giraa'culsttn,Position paper, Alberta Education, Edmonton, 1983. 

V. Conclusions and Recommendations 

1. Conseiil supirieur de l'kducation du Quebec, LE sort des ~natidresdites "secondaires" 
at4 primaire (The fate of "secondary" subjects at elementary school), Report to the Minister 
of Ed~ca t io~ ,  Qu&bes,1982. 

2. Barbara Smail, "Sex Differences in Science and Technology Among Eleven Year- 
Old Schoolchildren: I1. Attitudes," Unpublished paper, Manchester Polytechnic, UK,1983. 

3. For more on the concept sf an "authentic" science education, see: A. Hugh Munby 
and Thomas Russell, "A Cornrnon Curriculum for the Natural Sciences," in Ir~ditjidualDiffer-
ences and the Csnrralon Curticulrrm, edited by Gary D.Rnstermacher and John I. Goodiad, 
82nd Yearbook of the National Society for the Study of Education, University of Chicago 
Press, Chicago, 1963,gp. 160-185. 

4. Thomas M.B.Symons, To Know Ourselaes, Report of the Commission on Cana-
dim Studies, volumes 1 and Ii, Association of Universities and Colleges of Canada, Ottawa, 
1955, p. 162. 

5. H.R. Wyrarse-Edwards and E.R.W.Neale, "Canadian Scientists Muse Reverse Priorities 
and Invert the 'Knowledge Pyramid'," Science Fomrtt, February 1676,no. 49, pp. 30-31. 

6. H.R. Wyrane-Edwards, "Science and a Cultural Future: The Usefulness of the Histsty 
sf Science and Technology to Decision-makers," in Science, Technology and Ca~aadian 
History, edited by K.A. Jarrell and N.R. Ball, Wflfrid Laurier Press, Waterloo, 1988,p. '180. 

7. Ibid. ,  p. 181. 
8.Webster's N e w  Collegiute Dictioronry, s.v. "technology ." 
9.Ray L. Page, 'Technological ducation through science," Paper presented at the 

2nd international syrnposiurn on world trends in science education, Nottingham, England, 
July, 1982. 

18. QuCbec Ministhe de ducation ion, Direction ginbale du dCvcIoppernent p4dago- 
gique, Progrurrlme d't'tntdes secondafre, Initintian d la technologic, QuBbec, October 9981, 
p. 5. (Our translation) 

11.John 1. Goodlad, "A Study of Schooling:SomeFindings and Hypotheses," Phi Deltu 
Kappnn,  March 6983, vol. 64 no. 7, p. 468. 

12. Ibid. 

I 



VI. Strategies for Implementation 

1. Graham W.F.Orpwood and lean-Pascal Souque, Science Educrotion in Carmdiwn 
Schsrab, volume I (Introductionand Curriculum Analyses), Background Study 52, Science 
Council of Canada, Ottawa, 1984. 

2. john 1. Goodlad, "A Study of Schooling: Some Implications for School Improve-
ment," Phi Delta Kappart, April 1983,vol. 64, no. 8, p. 553. 

3. Thomas Russell, 'Using Dreams to Analyze Realities: Can There Be Change Without 
Self-MonitoPing7," in G ~ ~ c u l u mCanah EV, edited by Richard Butt, John Olson, and Jacques 
Daignadt, Centre for the Study of Curriculum and Instruction (University of British 
Columbia), Vaneouver, 1983, pp. 53-66. 

4. John 01ssn and Thomas Russell (eds.), Science Education in Canudian ScRoo!s, 
vo8urne 111 (Case Studies of Science Teaching), Background Study $2, Science Council of 
Canada, Ottawa, 1984. 

5.  Brent Kilbourn, "Linda: A Case Study in Clinical Supervision," Canadiu~~IolrmaI 
of Edrrcsrtion, 31982, vsl. 7, no. 3, pp. 1-24. 



Members of the Science and 
Education Committee 

Chairmen 
H. Kocke Robertson* 
(chairman 1980-82) 
E. b w w n  BrakeQ* 
(chairman 1982-84) 

Members 

May-Lou Floriana* 

Jean-Paul Courdeau* * 

B.E. Robertson** 
David Sueuki* * 
Donald Kelly 
Coordinator of Outdoor Education 
Ckomocto, New Brunswick 

Louise Marcil-Lacoste 
Associate Professor 
Department of Philosophy 
Uniwersit6 de MontrCal 

Douglas A. Roberts 
Professor and Head 
Department of Curriculum and Instruction 
University of Calgary 

Thomas H.B. Symons 
Vanier Pr~fessor 
Trent University 
Peterborough, Ontario 

Project Staff 
Graham W.F. Orpwood 
Jean-Pascal Souque 
lsme Alam 
Janet Ferguson 

Observers 
Douglas Penny 
Fernand Ro yer 
(Council of Ministers of Education, Canada) 

* Former member of Council 
"Member of Council 



Members of the Science 
Council of Canada 

Chairman 
Stuart Lyon Smith 

Members 
Noman L. Arrison 
General Manager 
New Ventures Group 
Global Thermoelectric Power Systems Ltd. 
Bassano, Alberta 

Donald Francis Arseneau 
Director, Bras &Or Institute 
University College of Cape Breton 
Sydney, Nova Scotia 

Morrel P.Bachynski 
President 
MFB Technologies Inc . 
Barval, Quebec 

Roger Blais 
Diaecteur 
Centre d'innovation industrielle Montreal (CCIM) 

et $ole polytechnique de Montdal 
Montr&al, Quebec 

John Fkilipp Barger 
President 
Arctic MacKenzie C~nsultants Led. 
Edmonton, Alberta 

J. Lionel Boulet 
Conseiller special au PrCsident 
HydroQuCbec 
Montdal, Q u e k  

Donald W.Branigan 
Manager and Physician 
The Branigan Clinic 
Vlhitehorse, Yukon 



E. Lawson Drake 
Associate Professor of Biology 
University sf Prince Edward Island 
Charlottetown, Prince Edward Island 

May-Lou E. Flsrian 
Conservation Analyst (Museum Collections) 
Consertvation Division 
Provincial Museum 
Victoria, British Columbia 

Robert 0.Fourniea 
Director 
Institute sf Oceanography 
Dalhousie University 
Halifax, Nova Seotia 

Jean-Paul Gourdeau 
Chef de la direction 
Le Groupe SNC 
MontrCal, Qu4bec 

Geraldine Anne Kenney-Wallace 
Department of Chemistry 
University of Toron to 
Toronto, Ontario 

Donald W. Kydon 
Professor of Physics 
Faculty sf Arts and Sciences 
University ~f Winnipeg 
Winnipeg, Manitoba 

Fernand Eabrie 
Professeur 
D6partsment ds physiologic 
Universitg Laval 
Quiibec, Quebec 

John S.MaeDonald 
Chairman 
MacDonald, Dettwiler & Associates Ltd. 
Richmond, British Columbia 



Frank W.Maine 
President 
Frank Maine Consulting Ltd. 
Guelph, Ontario 

William M. (Lou) Reil 
President 
Reil Industrial Enterprises Limited 
Rexdale, Ontario ' 

B.E. Robertson 
Professor of Physics 
Department sf Physics & Astronomy 
University of Regina . 
Regina, Saskatchewan 

Stefan Simek 
President 
Ferguson, Naylor, Sirnek & Clark Ltd. 
Yellowknife, Northwest Territories 

Harold Snyder 
Professor of Engineering 
Memorial University sf Newfoundland 
St. John's, Newfoundland 

David Suzuki 
Department sf Zoology 
University of British CoIurnbia 
Vancouver, British Columbia 

Vaira Vikis-Freibergs 
Professeur 
Dbpartement de psychologie 
Universitb de Montrgal 
Montr6a1, QuCbec 

John M. Webster 
Associate Vice-President , Academic 
Dean, Graduate Studies 
Simon Fraser University 
Burnaby, British Columbia 



Henry 6.Winters 
General Manager, Sales 
AIg~rnaSteel corpora tion 
Toronto, Ontario 

Hugh Robert Wynne-Edwards 
Vice-President Research and Development 

and Chief Scientific Officer 
Alean Internationall Limited 
MontrCal, QuQbec 

Adam H.Zimmeman 
President and Chief Operating Officer 
Noranda Mines Limited 
Toronto, Ontario 



Publications of the Science 
Council of Canada 

Policy Reparb 

No. I .  

No.2. 


No. 3. 

NO. a. 
No. 9. 
No. 20. 
No. 21. 

No. 12. 

No. 13. 

No. 14. 

No,15. 

No.17. 

No. 18. 

No. 29. 

No.20. 
No.21. 

No. 22. 
No.23. 

No. 25. 

No.27. 


A Space Program for Canada, July 1967 (SStZ-¶967/1, $8.75), 31 p. 

The Proposal for an Intense Neutron Generator: Initial Assessment and Recom- 

mendation, December 1967 (SS22-1967/t, $0.751, 12 p. 

A Major Progtram of Water Resources Rowarch in Canada, September 1968 

(SS22-1968/3. $0.75), 37 p. 

Towards a Natiorsol Science Pollcy in Canada. October 1968 (SS22-B968/4, $I.oo), 

56 p. 

University Research and the Federal Government, September 1969 (SSU-1969/5, 

$Q.75), 28 p. 

A Poticy for Sdentific and Technical lnformation Dissemination, September 1969 

(SS22-1969/6, W.751, 35 p. 

Earth Sciences Serving the Nation - Recommendations, April 1970 (SS22-¶970/7, 

$0.75), 36 p. 

Seeing the Forest and the Trees, October 1970 (SS22-4978/8, W.75), 22 p. 

Thb Land is Their Land ..., October 1970 (SS22-1970/0, $8.75), 41 p. 

Canada, Science and the O w n s ,  November 1970 (SS22-197Q/%O, $0.75), 37 p, 

A Canadian STQL Air Transport System - A Major Program, December 1970 

(SS22-1970/1¶, $3.751, 33 p. 

Two Blades of Gnse: The Challenge Facing Agriculture, March 199a 

(SS22-1991 /I%, $1.251, 69 p. 

A TranscCanada Computer Communications Nehvork: Phase 1 of a Major 

Program on Computers, August 197% (SSU-1971/¶3, $0.75). 4 1  p. 

Cities for Tomorrow: %me Applications of Science and Technology to Urban 

Development, September 1071 (SSW-1971/14, $1.25), 67 p. 

Innovation in a Cold Climate: The Dilemma of Canadian Manufacturing, 

October 1971 (SS22-1971/15, $0.751, 49 p. 

It is Not Tm L t e  - Yet: A look at some pollution problems in Canada.. ., June 11972 

(ss22-19n/i6, $ 1 . ~ ~ 
52 p. 
Lifelines: Some PoUdm for a Bade BioIogy Ln C d a ,  August 197;k (SSZ-l97l/%7, 
$lam),73 p. 
Policy Objectives for Basic Research In Canada, September 19n (SS22-1971/18, 
$1.QB), 95 p. 
Natural Resource Policy Issues in Canada, January 11973 (SS22-1973/19, $1.251, 
56 p. 
Canada, Sdence and international Affairs, April 1973 (SS22-197320, $1.25),66 p. 
Strategies of Development tor the Canadian Computer Industry, September 1973, 
(SS22-1973/2%, $1 .SO),80 p. 
Science for Health Services, October 1974 (SS22-1974/22, $2.001, 1140 p. 
Canada's Energy Opportunities, March 1975 (SS22-1975/23, Canada: $4.95, other 
countries: $5.959, 135 p. 
Technology Trader: Government Laboratories to Manufacturing Industry, 
December 4975 (SS22-1W5/24, Canada: $1.00, other countries: $1.20), 61 p. 
Population, Technology and Resources, July1976 (SS22-1976/25, Canada: $3.80, 
other countries: %.&I),91 p. 
Northwad Laskfng: A Strategy and a Science Policy for Northern Development, 
August 1977 (SS22-1977/26, Canada: $2.50, other countries: $3.043, 95 p. 
Canada as a Conserver Society: Resource Uncertainties and the Need for New 
Techndogies, September 1977 (S22-1977/27, Canada: $4.00,other countries: 
$4.801, 108 p. 



No.28. 	 Policies and Poisons: The Containment of Long-term Hazards to Human Heolth 
in the Environment a d  in the Workplace, Oc2ober 1979 (SS22-1977/28, Canacla: 
$2.00, other countries: $2.40), 96 p. 

No.28. Forging the Llnks: A Tdnobgy Poiicy for Canada, Febnaaty 1979 (SS22-1978/29, 
Carrada: $2.25,other countries: $2.701,72 p. 

No.38. Roads to En- S e U - R o b e :  The Necessary National Demonstrations, Jume1979 
(SSZ-1979/3Q,Canada: $4.50,other countries: $5.48), 268 p. 

No. 31. University Research in Jeopardy: The Threat of Declining Enrdment, December 
1999 (SS22-1979/31, Canada: $2.95, other countries: $3.55), 61 p. 

No. -32. 	 ColBabsratIon lor Slf-Reliance: Canada's Srienllfic and Technological Contribu- 
tion to tho Food Supply of Developing Countiks, March 1981 (SS22-1989/32, 
Canada: $3.95, ather countries: !M.75), 11% g. 

ha,. 33. 	 Tomorrow is  Too Late: Planning Now for an Information Society, April 1982 
(SSZ-1982/33,Canada: $4.50;other countries: $5.40), 97 p. 

No. 34. 	 Trampor tation .in a Resource-Conscious Future: Intercity Passenger Travel in 
Canada, September 1982(SS22-1982134,Camda: 94.95;other countries: $5.93, 
112 p. 

No.35. 	Regulating the Regulators: Sclence, Vdues and Bedsions, October 1982 
(SS22-1982/35,Canada: $4.95;other countries: $5.95). 906 p. 

Statements sf Council 

Supporting Canadian Sdenee: Time for Action, May 1W8 
Canada's Threatened Forests, March 1983 

Statements of Council Committees 

Toward a Conserver Society: A Statement of Concern, by the C~mrnitteeon the Implica- 
tions of s Conserver Society, 1976,22 p. 

bodon  sf the Research Manpower Base in Canada: A Statement of Concern, by the Task 
Force on Research in Canada, 19'76, 7 p. 

Uncertain Prospects: Canadian Manufacturing Industry 1971-1977,by the Industrial Palides 
Committee, 1977,55 p. 

CommunDcations and Computers: Information and Canadian Society, by an Ad Hoe 
Committee,1978, 40 p. 

A Scenario for the lmplomentation of Inte~actfve Computer-Communications Systems in 
the H ~ m e ,by the Committee on Computers and Communication, 1979,40 p. 

Multimtiod and Industrial Strategy: The Role of World Product Mandates, by the Working 
Group OW Industrial Polides, 1960, 77 p. 

Hard Times, Hard Choices: A Statement, by the Industrial Policies Committee, 1981,66 p. 
The Science Education of Women in Canada: A Statement of Concern, by the Science and 

Education Committee, 1982,6 p. 

Reports on Matters Rekrred by the Minister 

Research and Beveioprnent in Canada, a report of the Ad Hsc Advisory Committee to the 
Minister of State for Science and Technology, 1979, 32 p. 

Fublie Awareness of %knee and Technology in Canada, a staff report to the Minister of 
State for Science and Technology, 1981, 59 p. 

I 



Background Studies 

No,1. 

No. 2. 

No.a. 

No.4. 


No. 5. 

No. 6. 

No. 10. 

No.1.3. 


No. 1 4 ,  

No.15. 

No. 16. 

No.17. 

No. 18. 

No.9%. 

No.20. 

No.21. 

Upper Atmosphere and Space Programs in Canada, by J.H. Chapman, 

%.A.Po~yth ,P.A. Lapp, G.N. Patterson, February 1967 (SS21-l/1, 82-50), 298 p. 

Physics In Canada: Survey w d  Outlook, by a Study Group of the Canadian Asso-

ciation of Physicists, headed by D.C. Rose, M a y  196% (SS21-1/2, $2.50), 385 p. 

Psychology in Canada, by M.H.Appley and Jean Rickwood, September 1967 

(SS21-1/3, $2.50), 131 p. 

Tho Proposal for an Intense Neutron Generator: Scientific and Economic 

Evaluation, by a Committee of the Science Council of Canada, Decernkr 1967 

( s s~ I - I /~ ,  $2.001, 181 p. 

Water Reoourees Research in Canada, by J.P. Bruce and B.E.E.Maasland, July 

1968 (SStl-1/5, $2.50), 169 p. 

Background Studies in Science Policy: Projections od R L D Manpower and 

Expenditure, by R.W. Jackson, D.W.Henderson and 8 , keung, 1969 (SS29-l/6, 

$1.15), 85 p. 

The Role of the Federal Government in Support of Research in Canadian Univer- 

sities, by John B. Macdonald, E.P. h g a l ,  J.S. BuprC, 1.B. Marshall, J.G.Pars, 

E. Sirhuck, and E. Vogt, 1969 (SS21-1/7, $3.75), 361 p. 

Scientific and Technical Information in Canada, Part I, by J.IP.1. Tyas, 1969 

(SS21-I/$, $l.50), 62 p. 

Fart II, Chapter I, Government Departments and Agencies (SS21-1/&&I, $1.75), 

166 p. 

Part II, Chapter 2, Industry (SS23-1/8-2-2, $3.25), 80 p. 

Part II, Chapter 3, Universities (SS21-1/8-2-3, $1.73, 115 p. 

Part 11, Chapter 4, International Organizations and Foreign Countries 

(sS21-1/&2-4, $1.00)~
63 p. 
Part 11, Chapter 5, Techniques and Sources (SSZP-1/8-2-5, $1.291, 99 p. 
Part 11, Chapter 6, Libraries (SStl-1/&2-6, $1.081, 49 p. 
Fart 11, Chapter 7, Ec~nomics (SS21-I/$-2-7, $1.00), 63 p. 
Ckmiskry and Chemfcal Engineering: A Survey of Research and Development 
in Canada, by a Study Group of the Chemical Institute of Canada, 1969 (SS2P-2/9. 
$2.50), 102 p. 
Agricuitural Science in Canada, by B.N. Smallman, D.A. Chant, D.M. Connor, 
J.C.Gilson, A.E. Hannah, D.N.Huntley, E. Mereer, M. Shaw, 1970 (SS21-1/10, 

$2.000, L46 p. 

Background to Invention, by Andrew I-i. Wilson, 1970 fSS21-1/14, $1.501, 99 p. 

Aeronautics - Highway to the Future, by B.J. Green, 1970 (SS21-1/12, $2.50), 

148 p. 

Earth Sciences Serving the Nation, by Roger A. Blats, Charhs M. Smith, 

J.E.  Blanchard, J.F. Cawley, D.R. Deny, Y,Q. Fortier, G.G.L. Hendenom, 
J.R. Mackay, J.S. Scott, H.O. Seigel, K.B. Tonmbs, H.D.B.Wilson, 1971 

(SS2l-1/13, $4.50), 363 p. 

Forest Resources in Canada, by J. Harry G.Smith and Giltes kssard, M a y  1971 

(SS29-1/14, 53-59), 204 p. 

Scientific Activities in Fisheries and Wildlife Resources, by B.H. Pimlott, 

C.J. Kerswill and J.R. Bider, June 1971 (SS21-1/15, $3.5181, 191 p. 

Ad Mare;Canada Looks to the Sea, by R.W. Stewart and L.M. Biskie, Sep~ember 

2971 (Ssal-l/lb, $2.501, 175 p. 

A Survey of Canadian Activity in Transportation R Br D,by C.B.Lewis, May 

1971 (SS21-1/17, !@.75), 29 p. 

From Formalin to Fortran: Basic Biology in Canada, by P.A. Larkin and 

W.J.D. Stephen, August 1971 (SS21-1/18, $2.501, 79 p.  

Research Councl in the Provinces: A Canadian Resource, by Andrew H.Wilson, 

June 1971 (SS21-1/19, $1.50), 115 p. 

Prospects for Scientists and Engineers in Canada, by Frank Kelly, March 1971 

(SS21-1/20, $1.00), 61 p. 

Bask Research, by P. Kruus, December 1 9 n  (SS21-1/21, $1.50),73 p.  




No. 22. 	The Mult$na~isd Flrm, Foreign Direct Investment, and Canadian Science Policy, 
by Arthur J. Cordell, December 19!7l (SS21-1/22, $1.50), 95 p. 

No.2.3, 	 Innovationand the Structure ol C a n a h  Iln<Iw%ry,by Pierre L.burgault, October 
sasz ~ss21-a/w,$4.00), 135 p. 

No. 24. 	 Air Quality - Lseal, Regional md Global Aspsts, by R.E.M u m ,  October 1972 
(SS21-1/24, $8.75), 39 p. 

No.  25. 	 National Engineering, Scientific and Technological Societies of Canada, by the 
Management Committee of SCITEC and Prof. Allen S. West, December 1973 
(Sstl-1/25, $2.501, 131 p. 
Governments and Innovation, by Andrew H. Wilson, April 1973 (SS21-1/26, 
$3.751, 275 p. 
Essays on Aspects of Resource Policy, by W.D. Bennett, A.D. Charnkrs, 
A.R. Thompson, H.R.Eddy, and A.J. Cordefl, May 1973 (SS21-1/27, $2.50), 

113 g. 

Education and Jobs: Career patterns among selected Canadian science graduates 

with international comparisons, by A.D. Bsyrd and A.C. Gross, June 1973 

(SS21-1/28, $2.23, 139 p. 


Rr,. 29. 	 Health Care in Canada: A Commentary, by H. Roclce Robertson, August 1973 
(SS21-1/29, $2.751, 173 p. 

No. 30. 	 A Technology Amsment System: A Ca* Study sf k t  Coast Offshore Petro- 
leum ExploraUon, by M. Gibbons and W. Voyer, March 1974 (SS21-1/30, $2.06). 
'8'84 p. 

No. 31. Knowledge, Power and Public Policy, by Peter Aucoin and Richard French, 
November 1974 bSS21-1/31, $2.00),95 p, 

No. 32. TPachnelogy Transfer in ConstrueHon, by A.D. Boyd and A.H. Wilson, January 
1975 (SS21-1/32, $3.501, 163 p. 

No. 33. Energy Conservation, by F.H.Knelman, July1975 (SS21-1/33, Canada: $1.75, 
other countries: $2.101, 149 p. 

No. 34. Northern Development and Technology Assessment Systems: A study of petre- 
h m  development program in the Mackentie Delta-Beaufort Sea Region and the 
Arctic Islands, by Robert F. Keith, David W. Fiseher, Colin E.De'Ath, Edward 
J. Farbs, George R. Rancis, and Sally C. kemar, January 1976 (SS21-l/J$, 

Canada: $3.75, other countries: $4.501, 219 p. 

The Role and Function of Government Laboratories and the Transfer of Teeh- 

nology to the Manufacturing Sector, by A.1. Cordell and J.M. Gilmour, AprJI 

1976 (3521-1/35, Canada: $6.50, other countries: $7.80), 397 p. 


No. 36. 	 The Political Economy of Northern Development, by K , J ,  Rea, April 1976 
(SS21-1/36 Canada: $4.00, other countries: $4.80). WP p. 

Ns. 37. 	 Mathematical Sciences in Canada, by Klaus P.Beltzner, A, John Coleman, and 
Godon B.Edwards, July1976 (SS21-1/37, Canada: $6.50,othercountries: $7.80), 
339 p. 

No. 38. 	 Human Goals and Science Policy, by R.W.Jackson, October 1976 (SS2I-1/38, 
Canada: $4.00,other countries: $4.88), 134 p. 

No. 39. 	 CanadIan Law and the Control of Exposure to Hazards, by Robert T. Franson, 
Alaotair R. Lucas, Lorne Girsux, and Patrick Kenniff, October 1977 (SS21-1/39, 
Canada: $4.00, other countries: $4.80), 152 p. 

No.40. 	Government Regulation of the Occupational and General Envir~nments in the 
U.K., U.S.A. and Sweden, by Roger Williams, Baober 1977 (SS21-1/48, Canada: 
$5.00, other ssunbrics: $g.00),155 p. 

No. 41, 	 Regulatory Processes and Jurisdictional Issues in the Reglation of Hazdous  
Products inCanada, by 6.BmceDoprn, October 1977(SS2'1-1/41, Canada: $5.50, 
other countries: %.MI), 201 p. 

No.42. 	 The Strathcona Sound Mlnlng k~ jec t :  A Case Study of Decision Making, by 
Robert IS. Gibson, February 1978 (SS21-1/42, Canada: $8.00,other countries: 
$0.60), 274 g .  

No.4.3. The Weakat Link: A TechnologfcaI Perspective on Canadian Industry Under- 
development, by John N.H.Britton and James M. Gilmour, assisted by Mark G. 
Mtarphy, Octokr 1978 (SS21-1/43, Canada: $5.00, other countries: $6.80),216 p. 



No. 44. 	 Canadian Government Partidpation in International Science auad Technology, by 
Jocelyn Maynard Ckent, February 1979 (SS21-1/44, Canada: $4.50, other 
countries: $5.40), 136 p. 

No.45. 	Partnership InDevelopment: Canadian Univorsjties and World Food, by William 
E. T Q S S ~ ,August 1980 (SS2%-1/45, Canada: 86.00, other countries: $7.20). 14% p. 

No.46. 	The Pedpherd Nahue of Sciclltific and Technolqjcal ComLrsvemy in Federal Poky 
Formation, by G. Bruce Doern, July 1981 (SS2l-1/46, Canada: %.95, other 
countries: 8.95),  108 p. 

No. 47. 	 Public Inquid- in Canada, by Liora Salter and Debra Slaco, with the assistance 
of Karin Konskntynowisz, September 1981 (SS2l-1/49, Canah: $7.95, other 
countries: $9.59, 232 p. 

No. 48. Threshold firms: Backing Canada's Winners, by Guy P.F. Steed, July I982 
(SSZB-1/48, Canada: $6.95, other countries: $8.351, 173 p. 

No. 49. Governments and Miuoelectro~cs: The European Experience, by Dirk de Vos, 
March 1983 (SS21-1/49, Canada: $4.50, other countries: $5.801,112 p. 

No.58. 	 The ChalSenge sf Diversity: industrial Cooperation in the Canadian Federation, 
by Michael Jenkin,July 1963 (SS21-1/50, Canada: $9.95, other countries: $10.751, 
294 p. 

No. 51. 	 Partners In Industrid Strategy: "1114 Specfal Role of the Provindal Research Organ- 
izations, by Donald J. Le Roy and Paul M o u r ,  August 1983 (SS21-1/51, Canada; 
85.50, other countries: $6.60?, 146 p. 
Scknce Education in Canadian Schools. Volume I: Introduction and Currieutum 
Analyses, by Graham W.F.Orpwwd and Jean-Pascal Souque, April 1984 
(SS2I-1/52-I-1984E, Canada: $8.00, other countries: $9.60).Volume 11: Statistical 
Database for Canadian Science Education, by Graham W.F.Ckpwood and lsrne 
Am, Aprll 1984 (SS21-1152-2-1984E, Canada: $5.50, other countries: $6.601. 
Volume 111: Case Studies of Science Teaching, by John Bison and Thornas Rus-
sell, April 1984 /SS21-1/52-3-1984E, Canada: $10.95, other countries: $13.15). 

Occasional Publications 

1976 
Energy Scenarios for the Future, by Hedlin, Menzies & Associates, 423 p. 
Science and the North: An Essay on Aspirations, by Peter Larkin, 8 p. 

A Nuclear Dialogue: Proceedings of a Workshop on Issues in Nuclear Power for Canada,. 
75 p. 

3977 

An Overview of the Canadian Mercury Problem, by Clarence T. Charlebois, 20 p. 

An Overvkw of the Vinyl Chloride Hazard in Canada, by J .  Basuk, 16 p. 

Materials Reeyeling: History, Status, Potential, by F.T. Gerson Limited, 98 p. 


University Research Manpower: Concerns and Remedies, Proceedings of a Workshop on 
the Bptimizaaion of Age Distribution in University Research, 19 p. 

The Workshop on Optimizabian of Age Distribution in University Research: 
Papers for Discussion, 215 p. 
Background Papers, 338 p. 

Living with Climatic Change: A Proceedings, 90 p. 
Proceedings of the Seminar sn Natural Gas from the Arctic by Marine Mode: A Prelirni-

wary Assessment, 254 p. 
Seminar on a National Transportation System for Optimum Service: Proceedings, 73 p. 



1978 
A Northern Resource Centre: A First Step Toward a University of the North, by the 

Committee on Northern Development, 13 p. 
An O v e ~ i e wof the Canadian Asbestos Problem, by Clarence T. Charlebois, 20 p. 
An Overview of the Oxides of Nitrclgtren Problem In Canada, by J.Basuk, 48 p. 
Federal Funding of Sdence in Canada: Apparent and Effective Levels, by J .  MIedainski and 
K.P.Beltzner, 78 p. 

Appropriate Scale for Canadian Industry: A Proceedings, 211 p. 
Proceedings of the Public Forum on Policies and Poisons, 40 p. 
Scknee Policies in Smaller Industrialized Northern Countries: A Proceedings, 93 p, 

P 979 
A Canadian Cantex% for Science Education, by Barnes E. Page,52 p. 
An Overview of the Ionizing Radiation Haza~din Canada, by J. Baeuk, 225 p. 
Canadian Food and Agriculture: SuotainaMitty and Self-Relime: A Discussion Paper, by 

the Committee on Canada's Scientific and Technological Contribution to World Food 
Supply, 52 p. 

From the Bottom Up - Involvement of Canadian NG6s  in Food and Rural Development 
in the Third Woricl: A Proceedings, 153 p. 

Opportunities in Canadian Transportation: 
Coderence Proceedings: 1, 162 p. 
Auto Sub-Conference Proceedings: 3, 136 p. 
Bus/Rail Sub-Conference Proceedings: 3, 122 p. 
Air 'sub-Conference Proceedings: 4, 131 p. 

The Polities of an Industrial Strategy: A Proceedings, 115 p. 

1980 
Food for the Poor: The Role ~f CIBA in Agriculhural, Fisheries and Rurai Development, 

by Sutema Thornson, 194 p. 
Sdmce in Social Issues: Implications for Teaching, by Glen S. Aikenhead, 81 p. 

Entropy and the Economic Process: A Proceedings, 107p. 

Opportunities in Canadan Transportation Conference Proceedings: 5, 270 p. 

Proeeedings of h e  Seminar on University Research in jeopardy, 83 p. 

Social Issues in Human Genetics -- Genetic Screening and Counselling:A Proceedings, 118p. 

The Impact sf the Microelectronics Revolution on Work and Working: A Proceedings, 73 p. 


1981 
An Engineer's View of Science Education, by Donald A. George, 34 p. 
The Limits of ConsuItation: A Debak among Ottawa, tke Provinces, and tbPrivate Seetor 

an aar Industrial Strategy, by D. Brown, J. Eastman, with 1. Robinson, 195 p. 

Biotechnology in Canada - Pronaises and Concerns: A Proceedings, 62 p. 
Challenge of the Research Complex: 

Proceedings, 116 p. 
Papers, 324 p. 

The Adspbion of Foreign Technology by Canadian Industry:A Proceedings, 152 p. 
The Impact of the Micrtacl~tronies Revolution on the Canadian Electronics Industry: 

A Proceedings, 189 p. 
Policy Isslaes in Computer-Aided Learning: A Proceedings, 51 p. . 



1982 
What is scientific Thinking? by A. Hugh Munby, 43 p. 

Macsescole, A Holistic Approach to Science Teaching, by M.Risi, 61 p. 


Quebec Science Education - Which Directions?: A Proceeding, 135 p. 
Who Turns The Wheel?: A Proceedings, 136 p. 

1983 
Parliamentarians and kience, by Karen Fish, 49 p. 
Sent i f ic  Literacy: Towards ~ m e ein %tdng Csasfor School Wenee Programs, by Douglas 

A. Roberts, 43 p. 
The Conserver Society Revisited, by Ted Schresker, 50 p. 
Regulation of Mombinant DNA Research: A Trinational Study, by Howard Eddy, 90 p. 

A Wwkshsp on Artificial Intelligence, by F. David Peat, '75 p. 



Science Conseil 
Council des sciences 
of Canada du Canada 

Summary of Report 36 

Science for Every Student
 
Educating Canadians for 
Tomorrow's World 

- .j .... ; ~' 

MH\L1L.E4~;: -',' 
I 

'-, : t-+~ 7-'~ ~ 
, , 



The complete text of Report 36, Science for Every Student, is 
available from: 

Canadian Government Publishing Centre 
Supply and Services Canada 
Hull, Quebec 
KIA OS9 

Please enclose a cheque or money order for $5.25, made payable 
to the Receiver General for Canada, with your request. For orders 
from outside Canada, the price of this publication is $6.30. 



lU,nLYZEQ~ 

Canadian Science Education: Initiatives for Renewal 

1.	 Elementary schools must provide science education for all 
their students 

2.	 Girls must be encouraged to continue with science 
throughout their schooling 

3.	 High achievers and science enthusiasts must receive 
greater challenge 

4.	 Science education must provide a more accurate view of 
the practice, uses and limitations of science 

s.	 Science education must include study of how science, 
technology and society interact 

6.	 Students must be taught how Canadians have contrib
uted to science and how science has affected Canadian 
society 

7.	 Technology courses must be included in the secondary 
school curriculum 

8.	 Teachers and curriculum planners must evaluate students' 
progress towards all the goals of science education, not 
just their learning of scientific content 



Canada's future citizens and decision-makers are in school today. 
When they leave, they will face a world made daily more complex 
by rapid scientific and technological developments. To cope with 
such a world, Canadians must be literate not only in the tradi
tional basics of language and mathematics, but also in the new 
basics of contemporary society: science and technology. 

How well is Canada's educational system equipped to meet the 
need for scientific literacy for all? Do students receive enough 
science education? Is it appropriate to individual needs? Are some 
groups - girls, for instance - neglected? What science should 
students be taught and how should it be taught to them? What 
indeed are the aims of science education? 

To answer questions of this kind, the Science Council of 
Canada embarked on a four-year study of science education in 
Canada's elementary and secondary schools. The study, which 
involved an extensive research program and consultation with 
many groups inside and outside the educational system, reached 
this conclusion: renewal in science education is essential. Now. 

In Report 36, Science for Every Student: Educating Canadians 
for Tomorrow's World, the Science Council analyzes the study's 
findings and presents recommendations for bringing about this 
renewal. The report is organized in four sections: 
• Why Study Science? 
• Science Education Now 
• Opportunities for Renewal 
• Strategies for Implementation 

Why Study Science? 

A significant part of the Science Council's study consisted of 
consultation with all the groups that have an interest in science 
education: educators, ministry and school board officials, parents, 
students and others. This process revealed an emerging consensus 
on the purposes of science education. Science education, it was 
generally agreed, can benefit all students. But the fullest benefits 
will only be realized from a science education appropriate to 
individual needs and designed to enable students to: 
• participate fully in a technological society as informed citizens; 
• pursue further studies in science and technology; 
• enter the world of work; 
• develop intellectually and morally. 
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Science for the Informed Citizen 

In an age of technology, this aim of science education must be 
among the most important. If members of society fail to under
stand the interaction of science, technology and society, they lose 
control of the most potent forces shaping their world. 

International momentum towards a science education that 
incorporates such a science-technology-society (STS) emphasis is 
growing. The Canadian contribution in this direction is already 
significant, and it seems likely that the STS dimension will become 
firmly established in Canadian science education. 

Science for Further Education 

Historically, one of the major functions of schooling has been to 
prepare students to enter university or college. Now, educators are 
beginning to broaden the meaning of postsecondary study to 
encompass lifelong learning, and consequently to ask what kind of 
preparation is appropriate for this. 

Ideally, science education is a preparation and encouragement 
for students to learn about science throughout their lives. Science 
studies should be linked not only to previous and subsequent 
science learning but also to other areas of study. Moreover, 
students should not be passive recipients of scientific information 
but actively critical of science itself. A science program based on 
these goals can prepare students for a lifetime of learning and 
enable them to examine their own knowledge critically. 

Science for the World of Work 

Society needs trained workers and individuals need employment. 
Because technology will be a factor in the careers of many 
students, they must learn how technology will influence the nature 
of work, the workplace and career opportunities in the future. 

Science education must not be restricted to a presentation of 
information but should offer the student real problems that can be 
solved by processing information in a creative way. In the future, 
many jobs will involve the ability to use available information, not 
just the ability to acquire and retain it. 

Science for Personal Development 

Science education can contribute to the development of rationality 
and the ability to think critically. As a discipline that uses rational 
argument and critical thinking (along with the arts and humani
ties), science can be the means by which students develop skills 

3 



such as observing, classifying and hypothesizing. Moreover, 
because the concepts of science can be used to explain so much, 
science education can help students understand and control their 
world. For science education to promote intellectual growth, its 
teaching must start where the child is in terms of skills and 
knowledge. 

Science Education Now 

Science for Every Student bases its conclusions on an extensive 
database on science education in Canada, compiled over the course 
of four years of research by the Science Council. 

The research was designed to examine the science curriculum 
at three levels: 
•	 the intended curriculum, that prescribed by ministries of 

education, was analyzed by an examination of curriculum 
guidelines published by each province or territory; 

•	 the planned curriculum, that developed by school boards and 
individual teachers, was the subject of a survey of Canadian 
science teachers and a review of the prefaces of science 
textbooks; 

•	 the taught curriculum, that experienced by the students in the 
classroom, was investigated by an analysis of the content of 
33 commonly used science textbooks and eight case studies of 
science teaching in various parts of Canada. 

(A fourth level, the learned curriculum, would have required an 
evaluation of students' achievements in science. Because student 
evaluation was regarded by provincial ministries of education as 
their own prerogative, the Science Council agreed not to analyze 
the science curriculum at this level.) 

The	 Intended Curriculum 

The four aims of science education described on page 2 appear in 
most curriculum guidelines. However, no particular order or 
priority is given to the aims stated. 

Although aims regarding the relation of science and technology 
to society and the world of work are usually included in the guide
lines, curriculum resources and evaluation methods geared to these 
objectives are often unavailable. Any renewal of science education 
will require the development of appropriate teaching resources and 
methods of evaluation for each objective of science education. 
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The Planned Curriculum 

In the absence of clear priorities for science education aims at the 
ministry level, school boards and teachers choose what objectives 
will be emphasized in the classroom. In general, the Science Coun
cil's survey showed that at the early and middle years, teachers 
stress the development of scientific skills and attitudes, and at the 
senior years, the learning of science content. Technology, the 
social context of science, or the history of science in Canada are 
not systematically covered in science courses, usually because of a 
lack of time, or because teachers feel that they do not have the 
academic training needed to teach with these emphases. 

The	 Taught Curriculum 

The Science Council's examination of 33 science textbooks showed 
that most of the texts in use stress only the learning of science 
content and the acquisition of scientific skills. A few at the middle 
level include material about the interaction of science, technology 
and society; however, most of the senior-level textbooks concen
trate on the structure of each scientific discipline. Laboratory work 
prescribed by textbooks is highly structured and there are few 
opportunities for class discussion. 

Eight case studies of science teaching indicated significant 
variations between ministry guidelines and classroom practice. 
Science at the early years is often taught without adequate facili
ties, and only rarely is a period in the timetable set aside specifi
cally for the subject. At the middle and senior levels, the learning 
of science content is considered to be all that time allows. Prepara
tion for further study is the aim most in evidence. 

The study revealed a number of other problems. For example: 
•	 most teachers of science at the elementary level are in

adequately prepared for science teaching; 75 per cent have not 
taken a science course since high school; 

•	 inservice education opportunities are, for the majority of 
science teachers, either nonexistent or of little value; 

•	 many girls give up science subjects as soon as possible; 
•	 students interested in science or who are particularly high 

achievers complain of a lack of challenge in science courses; 
•	 most tests and examinations measure only how much scientific 

information a student has learned; other objectives are not 
evaluated and thus have little importance to students. 
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Opportunities for Renewal 

Renewal in science education can and should build on existing 
strengths. During its study, the Science Council saw many exam
ples of dedicated, innovative, and successful science teaching, 
curriculum development and teacher education (to note but three 
areas of science education) in every province and territory of the 
country. 

Based on the study's findings, the Council has identified eight 
ways in which the renewal of science education can be initiated. 
These can be divided into three groups: 
•	 Science education for all 
•	 Redirecting science education 
•	 Monitoring science education 

Science Education for All 

To ensure that all children receive an appropriate high-quality 
science education, the Science Council proposes three initiatives. 

1.	 Guaranteeing science education in every elementary school: 
Science education should be provided for all children in 
elementary schools in Canada. It is already written policy. 
Now it must be put into practice. 

Most children from kindergarten to the end of elementary school 
receive only a token education in science. The subject is relegated 
to a minor position: it is not taught by specialists nor is it given 
special facilities or scheduling. 

Much needs to be done: training for teachers who have no 
scientific background; support for those who do teach some 
science; provision of adequate supplies and facilities; preparation 
of appropriate curriculum materials. 

2.	 Increasing the participation of young women in science educa
tion: Measures should be taken by educators to ensure that 
girls have improved opportunities and greater encouragement 
to participate fully in science and technology education. 

Parental attitudes strongly influence how girls see themselves in 
relation to science. Nonetheless, schools can help girls develop a 
positive outlook: the elementary curriculum should take the child's 
preschool experiences (or lack of them) into account; teachers can 
avoid classroom practices that reinforce male stereotypes; emphasis 
on the science-technology-society interaction can show that science 
has a human dimension; teaching materials, especially textbooks, 
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can include accounts of the work of women scientists and inven
tors; career counsellors can make girls aware of the need to plan a 
career and of the opportunities open to them in the science and 
technology field. 

3.	 Challenging high achievers and science enthusiasts: Students 
with a high ability or special interest in science and technology 
should have program provisions made to encourage and 
challenge them to further inquiry. 

Some students need more challenge to reach their full potential in 
science education. Gifted children are one of society's most valuable 
resources and should not be neglected. Students highly motivated 
in science also need a stimulating program that encourages them to 
further inquiry. For these students, educators can provide enrichment 
programs or even, where appropriate, schools that particularly 
feature science and technology subjects within a general education 
program. 

Redirecting Science Education 

To reorient science education, the Science Council recommends the 
following initiatives. 

4.	 Presenting a more authentic view of science: The view of 
science and technology presented to students should include 
historical, social and philosophical dimensions. 

Teaching about the history of science and technology, particularly 
that of Canada, will show students how the social and political 
climate can determine whether scientific activity is valued or ignored, 
and whether the results of research are well used. Future scientists 
will gain a more realistic view of their prospective careers, and 
future citizens will develop more realistic expectations of science 
and technology and will be able to base their political and social 
decisions on a sound knowledge of how science and technology 
function. 

Moreover, studying the history of science provides opportuni
ties to reflect on scientific knowledge and promotes values such as 
respect for knowledge, humility, perseverance, cooperation, critical 
judgement, and striving for excellence. 

S.	 Emphasizing the science-technology-society connection: Science 
should be taught at all levels of school with an emphasis and 
focus on the relationships of science, technology and society in 
order to increase the scientific literacy of all citizens. 

7 



The Science Council strongly believes that future citizens need to 
understand science and technology and the impact of both of these 
on Canadian society. This training needs to be given top priority 
at all levels of schooling. 

Young children need to learn about science through experiences 
in their immediate environment. Junior high students can begin to 
appreciate that scientific activities give rise to choices; and making 
these choices involves value decisions on a personal and societal 
level. In the senior years, students can become more aware of 
public issues related to science and technology and of the political 
choices involved. 

6.	 Setting science education in a Canadian context: Science educa
tion in elementary and secondary schools should take into 
account the Canadian reality. Every Canadian student should 
know some of the history of science and technology in Canada 
and appreciate the importance of Canadian science and technology 
activity at local, regional and national levels. 

Canadian children learn virtually nothing about the accomplish
ments and impact of science in their own country. The Council 
believes that science should be set in a Canadian context that 
includes both historical and social dimensions. Students need to 
learn how science and technology have helped shape this country 
and about the landmarks in our scientific heritage. 

7.	 Introducing technology education: Technology education 
should form a greater proportion of secondary school educa
tion for all students. 

Education should be more closely related to the world of work, 
not only in the context of vocational training, nor simply for non
academic students, but in an intellectually challenging form designed 
for all students. Students must become more aware of the use of 
knowledge to satisfy human needs, and they must also learn the 
basic skills of technology. 

Monitoring Science Education 

If the educational system is to receive the support it needs, the 
public must be convinced that schools are performing effectively. 
To this end, the Science Council proposes one final initiative. 

8.	 Ensuring quality in science education: Assessment techniques 
must be developed and implemented for all the objectives of 
science education to inform individual students about their 
progress and to monitor the effectiveness of provincial science 
education systems. 
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When achievement of educational goals is not measured, those 
goals are not valued by students, teachers or the public; this fact 
has been well documented. Most examinations and tests in science 
courses assess how much scientific knowledge has been acquired 
by the student. Consequently teachers and students treat the other 
objectives as unimportant extras to be attended to if time allows. 
And, as every teacher knows, time rarely does allow. 

Tests must be designed to measure all the various science 
goals, even though progress towards some goals is difficult to 
evaluate. Of particular importance are assessment instruments to 
measure progress towards the development of creativity, problem
solving skills, and an understanding of the interaction of science, 
technology and society. 

Strategies for Implementation 

These recommendations are the central conclusions of the Council's 
study. But changes in education are often agreed to in principle, 
even stated in government policy, and yet fail to become estab
lished in practice. It is not enough to agree on what needs to be 
done; strategies for how to effect change are also needed so that 
the efforts of many individuals and groups can be effectively 
deployed. Accordingly, the Science Council presents 47 specific 
suggestions for facilitating the renewal of science education. These 
are arranged in seven groups as follows. 

Curriculum Leadership: Ministries of Education 

Ultimately, responsibility for education lies with the ministers of 
education and any process of renewal must be sanctioned and 
encouraged by them. Among 13 recommendations directed to the 
ministries are the following: 
•	 increasing the proportion of time spent on science at 

elementary school to 15 per cent (45 minutes per day); 
•	 developing technology courses for secondary schools; 
•	 setting up an inter-provincial test-item bank; 
•	 requiring all students to take science until grade 11. 

Curriculum Leadership: School Boards and Schools 

School boards are responsible for the implementation of ministry 
of education programs and for operating the school systems. The 
report contains five recommendations for this level, including: 
•	 setting up, where numbers warrant, high schools of science 

and technology. 
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Human Resources 

Of crucial importance to science education are the number and 
quality of science teachers. Among the 12 recommendations related 
to teachers and teacher education are: 
•	 subject-specific teaching certificates; 
•	 school-focussed inservice education programs; 
•	 improved planning of preservice teacher education by 

universities; 
•	 special summer institutes to upgrade elementary school 

teachers. 

Instructional Resources 

Teachers must have the necessary tools for science teaching. The 
Science Council has five recommendations in this area. These 
include: 
•	 a Canadian foundation for science and technology education to 

help develop new curriculum materials; 
•	 a centre for research and development in computer-aided 

learning. 

External Resources 

Many organizations and groups outside the school can support the 
work of science teachers. The Council makes nine suggestions 
including the following: 
•	 a federally sponsored national information program stressing 

the need for young women to participate in science and 
technology; 

•	 a program of awards for excellence in science education to be 
offered by the Royal Society of Canada. 

Research Resources 

Several of the Science Council's recommendations require further 
research. The report contains three recommendations in this area 
including: 
•	 an interprovincial network of researchers who study methods 

of teaching about science, technology and society. 

The major thrust of these strategies is towards facilitating renewal 
of science education at the classroom level. Renewal must be 
rooted in the schools, it must be linked to the professional growth 
of science educators, and it must be supported by the public and 
outside agencies with a concern for science education. 
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The 47 recommendations contained in the report are concrete, 
practical and immediately applicable. Their implementation is 
essential if science education is to succeed in preparing Canadian 
students for tomorrow's world. Educators cannot act alone: only 
in a climate of support and cooperation can renewal become a 
reality. 

The report summarized here, Science for Every Student: Educating 
Canadians for Tomorrow's World, is the product of a four-year 
study by the Science Council of Canada of science education in 
elementary and secondary schools. 

The study, conducted with the cooperation of the Council of 
Ministers of Education, Canada and the science teaching profession, 
had three phases. The first, issue identification, entailed critical 
reviews of contemporary science education by well-informed 
observers. The issues raised provided an agenda for the research 
and deliberation that followed. 

The research phase consisted of four major projects: an analysis 
of science curriculum policies from all provinces and territories; an 
analysis of 33 commonly used science textbooks; a survey of more 
than 4000 science teachers; and eight case studies of science teaching 
in schools in all parts of Canada. The results of this research pro
gram constitute a substantial database of Canadian science education 
and are published in Background Study 52, Science Education in 
Canadian Schools. 

In the third and crucial phase of the study, more than 300 indi
viduals - ministry officials, school administrators, teachers, univer
sity faculty, employers, trade unionists, parents and students - came 
together in a series of 11 deliberative conferences to debate future 
directions for science education in their province or territory. Their 
discussions and suggestions for what needs to be done to renew 
science education provided the Science Council a firm base on 
which to prepare this report. 
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