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1

THE SENATE INQUIRY:
ITS NEED, SCOPE AND METHOD

In November 1967 the Senate adopted a resolution setting up a special com-
mittee to review the science policy of Canada. The terms of reference were
broad. They specified:

That a special Committee of the Senate be appointed to consider and report

on the science policy of the Federal Government with the object of appraising

its priorities, its budget and its efficiency in the light of the experience of

other industrialized countries and of the requirements of the new scientific

age and, without restricting the generality of the foregoing, to inquire into

and report upon the following:

(a) recent trends in research and development expenditures in Canada as
compared with those in other industrialized countries;

(b) research and development activities carried out by the Federal Govern-
ment in the fields of physical, life and human sciences;

(c) federal assistance to research and development activities carried out by
individuals, universities, industry and other groups in the three scientific
fields mentioned above; and

(d) the broad principles, the long-term financial requirements and the struc-
tural organization of a dynamic and efficient science policy for Canada.

THE NEED FOR THE INQUIRY

Several reasons justified this inquiry. The growing dimensions and the in-
creasing speed of the international scientific and technological race had be-
come evident. It was important for us to appraise Canada’s participation in
what may well be one of the predominant phenomena of the rema

Y ! ining por-
tion of this century. As the race developed, so did the perception

of the im-
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portance of science policy at the international level. (For the reader
interested in exploring this new subject further, Annex A of Volume II
contains a short bibliography.)

This increased perception was reflected in Canada by the creation of
the Science Secretariat in 1964 and the Science Council in 1966. When the
Senate Committee was set up the Science Council was preparing its own
assessment of the Canadian situation. Its report, entitled Toward a National
Science Policy, was published in October 1968. The Organization for Eco-
nomic Co-operation and Development (OECD), which had initiated na-
tional science policy reviews in 1963, had begun its inquiry on Canada. Its
report was published in December 1969, under the title of Reviews of Na-
tional Science Policy “Canada”. Other more specialized studies had been
undertaken on such topics as federal support to academic research, medical
research, and scientific manpower.! At the government level, the Hon. C.
M. Drury, Minister of Industry until 1968 and Chairman of the Cabinet
Committee on Scientific and Industrial Research, was also showing a re-
newed interest in science policy.

However, no one had conducted a detailed public review of govern-
ment science activities that offered government agencies, universities, in-
dustry, and professional organizations an opportunity to be heard. There was
a growing need for such a forum, and an obvious reason for providing it
through a committee of parliamentarians, for it is Parliament that must
appropriate the money needed to support government science activities.

THE SCOPE OF THE INQUIRY

The committee did not interpret its terms of reference restrictively. It adopt-
ed definitions that are now used internationally. UNESCO has defined
science policy as “the sum of the legislative and executive measures taken
to increase, organize and use the national scientific and technological poten-
tial, with the object of achieving the country’s overall development needs
and enhancing its position in the world.”2

Government science activities constitute the object of science policy.
This simple statement, however, deserves further explanation. It is obvious
from UNESCO’s definition that science policy is not restricted to activities
related to pure and applied science but extends also to technology and to the
different phases of the invention and innovation processes, including design,
testing, and the building of prototypes. These various activities, from funda-

mental research to innovation, are usually called “research and development”
(more briefly, R&D).



Curiously enough, the social sciences were not included until recently in
the realm of science policy. This exclusion was unjustified and governments
are at last becoming more and more interested in the behavioural sciences.
They are specifically mentioned in the Committee’s terms of reference and
they were covered by our inquiry to the extent that data were available.

Science policy is not limited to government intramural R&D activities. It
covers government measures, such as grants and contracts to support R&D
programs carried out by industry, universities, and other organizations. It
also extends to other government programs and services required by the
national R&D effort, such as technical surveys, the gathering and diffusion
of scientific and technological information, and scholarships and fellowships
for the training of scientists and technologists. All these government activi-
ties and programs have been covered by the Committee’s inquiry.

We will not attempt here to give detailed definitions of the research and
development activities that are the subject of science policy considerations.
Annex A contains some definitions that have been found useful by many
policy makers. But the Committee wishes to emphasize at the outset of this
report that science activities form a very diversified world. The purpose,
requirements, and social impact of science, technology, and innovation differ
widely. A clear understanding of their nature and their relationship is neces-
sary to visualize the scope of the Committee’s inquiry and to appreciate the
substance of its report.

Science can be defined as the rational and systematic understanding of man
and nature. Its goal is to explain human and natural phenomena as they are
and to formulate empirically verifiable laws accounting for their behaviour.
Basic scientific research is essentially a passive and contemplative activity
attempting to discover what already exists. It produces knowledge, not
tangible results. This natural fruit of science is always good and its impact
on society can only be beneficial.

Technology, as defined by Emmanuel G. Mesthene, is “the organization of
knowledge for the achievement of practical purposes”.® The search for new
technology is aimed at changing man and his environment through the
development of new products, new processes, and new ways of doing things.
It is essentially active and creative. A scientific theory is true or false accord-
ing to whether it accounts for reality or not. A new technology is good or
bad according to whether it can improve reality or not. Innovation is the first
utilization of new technology—the introduction for the first time of a new
product, a new process, or a new way of doing things, such as a new govern-
ment policy.

99715—23%



These distinctions are not always as clear-cut in real life, for science and
technology are practised by people. A scientist can produce inventions; a
technologist can make scientific discoveries or be an innovator. However,
a true scientist is not usually interested in becoming an inventor; a tech-
nologist is seldom a good innovator, for that requires management skills;
and a competent manager who knows how to innovate is not often capable
of making scientific discoveries or inventions, or interested in doing so. Rarely
do these specialists share the same aspirations, the same mentality and back-
ground, the same habits, and the same lines of communication. Recent
empirical studies show that the relationship between science and technology
is far from being as direct and immediate as is sometimes asserted.

On the basis of numerous studies on the subject, Derek de Solla Price
of Yale concludes that science forms “a cumulating, close-knit structure; that
is, new knowledge seems to flow from highly related and rather recent pieces
of old knowledge”. He goes on to say that “new technology will flow from
old technology....It may have a similar, cumulating, close-knit structure
to that of science, but of the state of the art rather than of the literature”.’
He also notes that “it is evident to any historian of technology that almost
all innovations are produced from previous innovations rather than from
any injection of any new scientific knowledge”.®

While the relationship between science and technology does not appear
to be close, technology and innovation are much more directly related, al-
though a great number of inventions are never utilized. There is evidence to
suggest that the average time for the transfer of science to technology has
been about twenty to thirty years and from technology to innovation about
nine years. On the whole, it seems more realistic to consider science and
technology as separate streams loosely connected than as sections of the
same river.

These considerations are important for the orientation of science policy.
They have been inserted here to explain the wide scope of the Committee’s
inquiry. Their implications for a realistic policy strategy are drawn in sub-
sequent sections of the report.

METHOD OF THE INQUIRY

The Committee began to plan its work early in 1968. We were soon im-
Pressefi by the scope and complexity of the problems we had been asked to
investigate. The inquiry was divided into four successive phases and we



decided to hear first a number of experts from Canada and abroad to learn
about the broad issues of science policy.

First phase

This began in March 1968. The Canada Council, the Science Council, the
Medical Research Council, and the Science Secretariat, all government cen-
tral agencies with no R&D activities of their own, gave us their overall assess-
ment of the Canadian situation. Some distinguished Canadians who had
extensive experience with the national science effort or with one of its im-
portant aspects were also interviewed. These included Dr. C. J. Mackenzie,
a former President of the National Research Council, who has devoted all
his life to the promotion of science in Canada; Dr. Hans Selye, Director of
the Institute of Experimental Medicine and Surgery at the University of
Montreal; Dr. Vincent Bladen of the Department of Political Economy at
the University of Toronto; Professor Arthur Porter, Acting Director of the
Centre for Culture and Technology at the same university; and Maxwell W.
McKenzie, member of the Economic Council of Canada and former President
of the Canadian Chemical and Cellulose Company Limited. Thus some of
the broad issues of Canadian science policy were defined by experts from the
government establishment, universities, and industry.

Distinguished experts from abroad were also invited, including Lord
Blackett, Nobel prize winner for Physics in 1948, advisor to the British
Ministry of Technology, and President of the Royal Society; Dr. Christopher
Wright, Director of the Institute for the Study of Science in Human Affairs,
Columbia University; Dr. James Killian, Jr., Chairman of the Corporation
of the Massachusetts Institute of Technology, and science advisor to Presi-
dent Eisenhower; Dr. Richard R. Nelson, economist and author, formerly
of the Rand Corporation; Dr. Alexander King, Director for Scientific Affairs
at the oEcp in Paris; Dr. Jacques Spaey, Secretary-General of the National
Council of Science Policy and Chairman of the Interministerial Commission
on Science Policy in Belgium; Dr. Saburo Okita, President of the Japanese
Economic Research Centre; Mr. Pierre Piganiol, Manager of the St. Gobain
Chemical Company and formerly General Delegate of Scientific and Tech-
nological Research in France; and finally, Mr. Maurice Goldsmith, Presi-
dent of the Science of Science Foundation in London.

This first phase of the inquiry proved most useful. It allowed the Committee
to meet eminent scientists of various backgrounds and from different coun-
tries and to become more familiar with the complex problems raised by
science policy.



Second phase

The Committee then reviewed the R&D activities of the main federal de-
partments and agencies involved in science and technology. This second stage
began only in October 1968 because the Committee went out of existence
in April as a result of the dissolution of Parliament and was not reconstituted
until September.

The summer months of 1968 were devoted to the preparation of detailed
guidelines for federal research agencies, indicating the kind of information
the Committee wished to receive with respect to their scientific activities.
The guidelines were designed to standardize examination of all the relevant
agencies. They are reproduced in Annex B.

Some 79 federal departments and Crown corporations were contacted
and provided with the guidelines. Fifty-three briefs were received from gov-
ernment agencies, many of them containing 100 or more pages, including
one of more than 800 pages. Thirty-eight of them were heard, including the
Canada Council, the Medical Research Council, the Science Council of
Canada, the Science Secretariat, the National Research Council, Atomic
Energy of Canada Limited, the Defence Research Board, the Bank of Can-
ada, the Canadian National Railways, and such departments as Agriculture;
Energy, Mines and Resources; Fisheries and Forestry; National Health and
Welfare; Finance; Treasury Board; Industry; Trade and Commerce; Labour;
and Immigration and Manpower. These departments and agencies represented
a cross-section of scientific activities ranging from the physical to life and
social sciences, from pure and fundamental research to technology and
development.

Some of these agencies appeared before the Committee more than once
and for more than one day. The Committee completed the second phase of
its inquiry at the end of April 1969. For the first time in Canada the inquiry
provided a detailed description and a valuable inventory of most of the gov-
ernment’s science activities. Many questions raised by the guidelines had
never been examined by the agencies; in some cases they were forced to
look at their own science activities for the first time. The Committee was
thus in a position to obtain valuable information on the scientific manpower,
research and development expenditures, formal organization of research

activities, and specific science and technology responsibilities of these agencies
and departments.

Third phase

The final stage of our formal hearings began in May 1969. It covered the
university sector, interested provincial agencies, professional associations and



learned societies, the industrial sector including some private companies,
and a number of private individuals who had submitted briefs. The Com-
mittee felt that the relationship between science, technology, and society
required a debate in a public forum and that it should ensure that any Cana-
dian who had an interest in this problem would be given the opportunity to
submit a brief.

The Committee first received the views of 44 universities and colleges, in-
cluding individual faculties, and actually heard 36 of them. After having
met with members of the Macdonald Group, which had just completed a
report on federal support to research in universities, and the executive of the
Association of Universities and Colleges of Canada, the Committee organ-
ized a “University Week” to hear the representations of the academic com-
munity on a regional basis. Groups from the Atlantic to the Pacific were
given the opportunity, which they had never had before, to discuss science
policy in a parliamentary forum.

Following this, the Committee heard the representations of 63 organiza-
tions, including provincial research agencies, learned societies, labour and
industrial associations, 35 manufacturing and commercial enterprises, and
private individuals. In total the Committee had representations from 272
groups, associations, and individuals from the provincial, the university, and
the private sectors.

In this revealing third phase of its investigation the Committee learned
about the research needs and problems of the Canadian private scientific
community. It heard the assessment, criticisms, and suggestions that these
important groups had to make about Canadian science policy. The Com-
mittee was also concerned by the isolation of the segments of the Canadian
scientific community. Here were three solitudes—the government research
sector, the university world, and industry—and within them, additional bar-
riers between one agency and another in government, between one university
and another, between one industry or one firm and another. This isolation
also pervaded the scientific and engineering disciplines, manifesting itself
in the proliferation of learned and professional societies interested in science
policy. There were then nearly 100 such associations in Canada.

Fourth phase: visits abroad

The public hearings of the third phase were concluded in June 1969. Early
in May, however, the Committee had decided to accept the invitation to
visit Washington received earlier from Congressman Emelio Daddario,
Chairman of the US House Sub-Committee on Science, Research and De-



velopment. We felt that it would be most useful to see how the Americans
had organized their science effort, to which the Federal Government an-
nually devotes about $25 billion, or approximately half of what is being
spent in the whole world for this purpose.

While in Washington the Committee attended a meeting of the sub-com-
mittee when it was discussing the International Biological Program and
heard Dr. Lee DuBridge, who was then the newly appointed science advisor
to President Nixon, and Dr. Norman Gibbons of the National Research
Council of Canada. We also met privately with Dr. DuBridge and his as-
sistants, who are responsible for the central co-ordination of science activities
in Washington; Dr. DuBridge was also Director of the Office of Science and
Technology, Chairman of the President’s Science Advisory Committee, and
Chairman of the Federal Council for Science and Technology. The Com-
mittee held a joint executive session with Congressman Miller's Committee
on Science and Astronautics and were told how the American parliamen-
tarians were approaching the issue of science policy. Meetings were also held
with Mr. Secor Browne, Assistant Secretary for Research and Technology in
the Department of Transport; Mr. William D. Carey, who had recently left
the post of Assistant Director for Science and Technology in the Bureau of
the Budget and who is one of the most experienced experts on American
science policy; Dr. Dael Wolfle, Executive Director of the American Associa-
tion for the Advancement of Science; and Dr. Philip Abelson, Editor of
AAAS’s weekly journal Science.

In Boston, the Committee held meetings at the Massachusetts Institute of
Technology with Professor Richard S. Morse, and Professor Donald Mar-
quis of the Sloan School of Management, two widely recognized experts in
the field of research management and methodology; Dr. James Killian, Jr.,
former science advisor to President Eisenhower; and Professor Joseph Lick-
lider, Director of the Project for Multiple Access Computers. The Commit-
tee also held a meeting with General Doriot, President of the American
Research and Development Corporation, a private company that specializes
in financing new ventures exploiting advanced technology.

At Harvard University we interviewed Dr. Emmanuel G. Mesthene, Di-
rector of the Center on Technology and Society; Dr. Harvey Brooks, Dean
of Engineering and Applied Physics and Chairman of the National Academy
of Sciences Committee on Science and Public Policy; and Dr. Juergen
Schmandt, research associate in the John F. Kennedy School of Government.
The Committee also had a session with Mr. Howard McMann, a former
Canadian and now President of Arthur D. Little Company, and two of his
Vice-Presidents, Mr. William A. Krebs and Dr. Bruce S. Old. The firm under-



takes research assignments for governments and private industry across the
world.

This visit to the United States was most fruitful and provided a much
better understanding of the American scientific scene that could be had by
reading published material. On the basis of this experience, the Committee
came to the conclusion that it would also be valuable to visit some countries
of Western Europe before beginning to prepare its report.

The European tour lasted three weeks and began during the last week of
August 1969.

SWEDEN. In Sweden we first met the Minister of Industry, Mr. Krister Wick-
man; Mr. Bo Aler, Section Head for Technical Research and Development,
and other officials with whom we discussed the general science and technology
role of the Swedish government and the mechanisms responsible for policy
making and administration. Meetings were also held with Mr. Sven Moberg,
Minister without Portfolio of the Ministry of Education; Dr. Hans Lowbeer,
Chancellor of Swedish Universities; Professor Arne Engstrom, General Se-
cretary of the Science Advisory Council; and Dr. Hans Palmstierna, Exe-
cutive Secretary of the Environmental Co-ordination Ministerial Council,
when we heard a description of the various programs of the Swedish gov-
ernment designed to meet the problems of pollution of the natural environ-
ment.

We discussed government incentive programs and financial assistance to
encourage industrial research and innovation. Present at these discussions
were Dr. E. M. Fehrm, Director General of the Board of Technical Develop-
ment, and Mr. L. H. Brising, Managing Director of the Swedish National
Development Corporation.

The Committee also discussed industrial research and development from
the point of view of the industrialist with Professor Sven Brohult and his
colleagues, including representatives from seven of the most important
private companies interested in R&D and officials of the Royal Academy of
Engineers. Finally meetings were held with the representatives of the rRiFo
(Riksdagsmin och Forsake), an association grouping about 200 scientists
and 220 parliamentarians.

WEST GERMANY. From Sweden the Committee went to Bonn, where we had
meetings with the Minister of the West German Federal Department of
Scientific Research, Dr. Gerhard Stoltenberg, his Deputy Minister, Dr. Hans
von Heppe, and about ten other top officials of the Ministry of Scientific
Research. We discussed broad issues of science policy in West Germany
including organization, budget, and priorities. The Committee then visited
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Professor Karl Winnacker of Hoechst, an expert in industrial research and
nuclear science who happened to be in Julich, where the Atomic Research
Institute is located. We also had the opportunity of obtaining an account of
German progress in the nuclear power field. The Committee held a series
of discussions with Dr. Kurt Frey, Secretary-General of the Standing Com-
mittee of Ministers for Education and Culture, which is also responsible for
the participation of Lander, the West German equivalent of provinces, in
the national science effort and policy. With Dr. Helmut Krauch and Dr.
Horst Rittel of the Heidelberg Systems Research Institute we discussed new
research methodology that this institution is developing for the social sciences.

The Committee met Professor Edwin Hoelzler, Assistant Research Director
of the Siemens Company, and discussed industrial research. Talks were held
with Dr. Karl Gottart Hasemann, General Secretary of the Science Council,
with senior officials of the Max Planck Institute, and with representatives of
the German Research Association, an important body supporting academic
research in Germany.

FRANCE. The Committee then proceeded to France where we had a meeting
with M. Frangois Xavier Ortoli, Minister of Industrial and Scientific Develop-
ment, then acting as Chairman of the Ministerial Committee on Scientific
Research. We discussed the role of French parliamentarians in the formula-
tion and control of science policy with a group of French Senators and mem-
bers of the National Assembly led by Senator Etienne Dailly, Vice-President
of the Senate, and M. Maurice Herzog, a deputy, economic and social
councillor, and former minister. We visited the Atomic Energy Commission
and the European Enterprise Development Corporation, which specializes
in financing innovation. Discussions were held with a number of research
directors and advisors of different industries on the problems of industrial
research in France.

The Committee met with M. Jacques Aigrain, the General Delegate of
Scientific and Technological Research, and the top official in charge of the
central mechanism for the planning and control of science policy in France.
We visited the National Centre for Scientific Research, the National Centre
of Space Research, and the National Centre of Oceanography. Finally,
while in Paris, the Committee met with Dr. Alexander King, Director for
Scientific Affairs at the oEcD, who was then completing the organization’s
report on Canadian science policy with his two colleagues, M. Pierre Piganiol
and Dr. Saburo Okita, who had appeared before us in Ottawa.

SWITZERLAND. In Geneva a day long session took place with representatives
of government, universities, and industry interested in research and develop-



ment in Switzerland. They included Dr. V. Hockstrasser, Director of the
science division of the Federal Department of the Interior; Dr. F. Walthard,
who is responsible for questions of industrial policy in the Department of
Economic Affairs; Professor D. R. A. Labhardt, Chairman of the Swiss
Science Council; and Dr. P. Aebi, Director of the Vorort, a scientific and re-
search organization of the Swiss Union for Commerce and Industry.

THE NETHERLANDS. From Switzerland the Committee went to The Hague
where we first received a briefing on the organization of science policy in
the Netherlands from Dr. C. J. F. Bottcher and Professor H. W. Lambers,
Chairman and Vice-Chairman of the Science Policy Council. We interviewed
a group of parliamentarians interested in science policy representing four
different political parties. The Committee also met the research directors of
the “Big Five” industrial corporations of the Netherlands—Royal/Dutch Shell,
Philips, Unilever, AKU (Algemene Kunstzijde Unie) and States Mines.
These companies are responsible for 75 per cent of the research and develop-
ment carried out in the Netherlands, and discussion concentrated on indus-
trial research and development programs. Meetings were held with Mr. V.
Nittel and Dr. C. H. Stefels of the Ministry of Science and Education, who
have special responsibilities for central co-ordination of science policy. We
discussed agricultural research with Dr. G. de Bakker. A review of the
government incentive program for industrial research was given by Mr. A.
A.T.T. Van Rhijn, Director of Industrial Research and Industrial and Struc-
tural Policies in the Ministry of Economic Affairs. Subsequently, meetings
were held with Dr. H. W. Julius, Chairman of the Central Organization for
Applied Scientific Research (TNO) (Toegepast Natuurwetenschappelijk
Onderzoek), and some of his colleagues, and with Dr. Bannier, Director of
the Netherlands Organization for the Advancement of Pure Research (ZWO)
(Zuiver Wetenschappelijk Onderzoek), a foundation dispensing funds for
basic research.

BELGIUM. In Brussels we were received by the Minister for Science Policy
and Planning, M. Théo Lefévre, who was Prime Minister of Belgium from
1961 to 1965, and who is one of the leaders of the European community,
M. Lefévre was accompanied by more than a dozen of his top advisors, in-
cluding Dr. Jacques Spaey, Secretary-General of the National Council for
Science Policy, who had already appeared before the Committee in Ottawa.
The broad issues of Belgian science policy were discussed.

At the headquarters of the European Economic Community the Commit-
tee was briefed by Dr. Hans Michaelis, Director General for Research and
Technology, on scientific co-operation in the European Economic Commun-
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ity, and by Dr. Robert Toulemon, Director General of Industrial Affairs, on
E.E.C. industrial policy in the field of nuclear energy, advanced technology,
and the development of innovation in industry. These discussions were con-
cluded by a talk from the Vice-President, Mr. Fritz Hellwig, on the pro-
grams and future of the organization.

UNITED KINGDOM. In the United Kingdom we met with Mr. J. Embling,
Deputy Under-Secretary of the Department of Education and Science, and
his colleagues; Lord Jackson, representing the Council for Science Policy;
and Mr. K. Berrill, Chairman of the University Grants Committee. We dis-
cussed the organization and science functions of the department, the role of
the Council for Science Policy, the support of research in universities,
scientific manpower problems, and the system of scientific information being
developed by that department.

Meetings were held with Dr. J. A. B. Gray, Secretary of the Medical
Research Council, and with Professor V. C. Wynne-Edwards, Chairman of
the Natural Environment Research Council. A luncheon meeting was held
with representatives of the learned societies; Lord Blackett, President of
the Royal Society, was the main speaker. The role of the British learned
societies in the national science effort was described.

Interviews were held with Sir Gordon Cox, Secretary of the Agricultural
Research Council; Mr. H. C. Rackham, Secretary of the Social Science Re-
search Council; Mr. B. T. Price, chief scientific advisor in the Ministry of
Transport; Mr. E. C. Williams, chief scientist of the Ministry of Power; and
Mr. John Duckworth, Managing Director of the National Research and
Development Corporation.

The Committee held meetings with Mr. J. P. W. Mallalieu, Minister of
State for Technology; Dr. G. G. MacFarlane, Controller of Research; and
other senior officials of the Ministry of Technology. They reviewed the
general organization and functions of the ministry, the policies and programs
of the research establishments that come under the responsibility of the
Minister, means of encouraging innovation, the activities of the technical
information and productivity services, and the major programs in the fields
of aviation, electronics, space, and atomic energy.

A luncheon meeting was held with British parliamentarians especially
interested in science policy. They were led by Mr. Arthur Palmer, M.P.,
Chairman of the Select Committee on Science and Technology in the House
of Commons.

We discussed defence research and development with Sir William Cook,
Chief Advisor for Projects and Research in the Ministry of Defence; tech-



nical innovation and industrial development with representatives of the Con-
federation of British Industries; technological forecasting and project eva-
luation with experts of Imperial Chemical Industries; the activities of the
Science Research Council with its Chairman, Sir Brian Flowers; and central
co-ordination of government science policy with Sir Solly Zuckerman, Chief
Scientific Advisor to the Cabinet and Chairman of the Central Advisory
Council for Science and Technology.

In November 1969 the Committee held a two-day meeting with Dr. J. L.
Gray, President of AECL, to review in greater detail the Canadian nuclear
program. Formal and public hearings were concluded in February 1970 when
the Committee held a return joint meeting in Ottawa with Congressman
Daddario and other members of the Committee on Science and Astronautics
of the U.S. House of Representatives. :

Between March 1968 and February 1970 the Committee held 102 public
meetings and more than 20 in camera meetings to plan and prepare its
work in addition to its visits abroad. It received the views of 325 groups and
individuals in Canada. Well over 1,000 scientists and science administrators
attended the hearings, either as witnesses or members of the audience. More
than 10,000 pages of evidence were accumulated. As the inquiry proceeded,
the Chairman and other members of the Steering Committee spoke at about
30 special symposia and annual meetings of Canadian associations across the
country on science policy issues.

THE IMPACT OF THE INQUIRY

Already the Committee’s inquiry has had a useful impact. It has certainly
helped to initiate the first real national debate on science policy in Canada.

As a result of this debate and of the Committee’s discussions with individual
organizations on the extreme compartmentalization of the scientific com-
munity, a new association called scITEC (The Association of the Scientific
Engineering and Technological Community of Canada) was founded in
January 1970 to provide a multidisciplinary basis for the discussion of
science policy issues and to enable the Canadian scientific community as
a whole to develop its own views on these matters. The Committee will have
more to say later about this new organization and the essential role jt ought
to play in the formulation and implementation of a dynamic science policy.

The Committee’s inquiry has already had some influence in government.
Individual departments and agencies have told us that the guidelines cir-
culated by the Committee for the preparation of briefs gave them an oppor-
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tunity to examine their research operations critically and to make improve-
ments that would not have been initiated without such an examination. The
Committee believes that its public hearings and the strong and valid cri-
ticisms that industry voiced about the Program of Assistance to Industrial
Technology (PAIT) influenced the decision of the Department of Industry,
Trade and Commerce to make it more effective.

The impact of the inquiry on the government central machinery for co-
ordination has also been obvious. At an early stage of our investigation, it
became widely known that the Cabinet Committee on Industrial and Scienti-
fic Research had been meeting infrequently, if at all, to examine government
science activities. In July 1969 we were told that the Committee had begun
to meet every week under the chairmanship of the Hon. Mr. Drury, President
of Treasury Board.

When our inquiry began, the Science Secretariat was playing a dual role:
privately advising the Prime Minister on science matters, and servicing
the Science Council, which had no staff and which advised the Prime Minister
on the same subjects mainly through the publication of reports. Our hearings
showed that these two functions of the secretariat were hardly compatible
and imposed a heavy burden on its small staff. In November 1968 the gov-
ernment decided to separate the two organizations completely and in April
1969 the council became a crown corporation allowed to hire its own staff.
In addition, in May 1969 the new director of the Science Secretariat was
appointed Chief Science Advisor to the Cabinet.

NATURE OF THE REPORT

VOLUME 1. The first volume is devoted to a critical review of Canadian
science policy. This assessment has three perspectives. The first is historical; it
describes how science policy developed in Canada and purposely emphasizes
the weaknesses which have appeared at different periods since 1916. The
second is international; it attempts to perceive how the Canadian science
effort and its main components compare with those of other OECD countries,
$O as to expose weaknesses in Canadian participation in the international
scientific and technological race. The third perspective is current and na-
tional; it summarizes the critical views on present conditions and the main
suggestions presented to the Committee by Canadian representatives of the
public and private sectors. This volume ends with the Committee’s views on
the need for an overall science policy.



VOLUME 1. The second volume attempts to build a coherent policy for
Canada. It begins by outlining the challenges and opportunities that the
present and the future hold for science and technology. This introduction is
contained in Chapter 11.

The first part of this volume, Chapters 11-16, recommends a basis for
formulating overall policy. It also suggests a general framework, targets,
and strategies for that policy, and its main components: the support of
basic research, of industrial research and development, and of social R&D.

The second part, Chapters 17-21, deals with re-organization of the ad-
ministrative science policy structures. It suggests new duties and powers for
the central machinery of planning and control. It recommends a new alloca-
tion of functions and responsibilities in several existing organizations and
the creation of new ones in the three main areas of government support for
science activities.

The report ends with a review of the interfaces of science policy, of the
network of relations that should exist between the Canadian government on
the one hand, and, on the other, the provinces and the municipalities, Parlia-
ment, the Canadian scientific community, international institutions, and other
countries.

It is also important to indicate what the report does not do.

It is not designed to provide a detailed or even a broad picture of the
science activities and programs of government departments and agencies.
A detailed description of these operations is contained in the Committee’s
proceedings. Annex C of this report indexes the agencies and organizations
that submitted briefs to the Committee and Annex D indexes the individuals
who appeared before the Committee or submitted briefs to us. As to the
broader picure, it has been provided by the OECD report on Canada, and
that is still valid.

The report does not present a systematic study and appraisal of the science
policies of individual government departments and agencies. In other words,
it does not attempt to appraise in a systematic way the rules, methods, and
strategies used by each of these organizations to determine and conduct
their own science activities. For instance, it does not contain a detailed
appraisal of the way Atomic Energy of Canada Limited, the Department
of Agriculture, or any other agency carries out its science and technology
responsibilities. The Committee did not consider such assessments part of its
main assignment.

It is a basic theme of the report, however, that a system that relies exclu-
sively on such individual policies is bound to produce an inadequate na-
tional science effort and that a proper overall science policy is much more
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than the sum of isolated policies. Once this overall policy has developed, it
will be much easier to appraise specific policies.

The decision to exclude assessment of the policies of individual depart-
ments and agencies makes parts of the report more abstract and academic
than they would have been if concrete examples had been given to sub-
stantiate arguments. We believe that our decision was wise, that our main
arguments stand on their own, and that the academic character of a few
sections of the report is fully justified because certain important issues raised
by science policy really are academic in the true sense of the word.

The Committee would be naive not to state that its report is far from
providing complete and final answers to the problems that science policy
ought to solve. After prolonged hearings and discussions with the leading
experts in this field in the Western world we know that no individual, no
group, and no country has yet found such answers.

The world of science and technology, of research and development, and
of innovation is still largely unknown. And yet these activities are changing
more rapidly than any other sector of human endeavour. If science has an
“endless frontier”, how could it be otherwise for science policy. All that
can really be hoped for at any given moment is to provide a better under-
standing and organization of that complex and changing world in the im-
mediate future than in the recent past.

Within this less demanding context, the Committee is convinced that it
has proposed new avenues, new strategies, and new institutions that could
help the Canadian people and its public leaders understand and master this
mysterious world. To that extent, we are satisfied with the job done. But
we are much more impressed by the unfinished business. Indeed, unless the
societies of tomorrow want to suffer from a widening technological gap or
to be dominated by technology, they will have to devote much more serious
and continuing attention to their overall science effort than they have done
up to now.

A SENATE STANDING COMMITTEE ON SCIENCE POLICY

This vigilance is a responsibility that belongs to all individuals and groups.
Let us hope that their failure to fulfil it in the past will soon be corrected.
But parliamentarians have an obvious and special obligation in this respect
which has not always been recognised.

This neglect was brought to our attention on many occasions. Indeed,
so many distinguished experts who appeared before us congratulated the



Senate for setting up our Committee that it sounded almost like a criticism
of the past. Many witnesses said they hoped the interest of the Senate in
Canadian science policy would continue after publication of this report,
when our Committee ceases to exist.”

All the members of the Committee are convinced that this suggestion is
sound and should be accepted. It is impossible to provide adequate answers
to the problems raised by science policy at any given time, just as it is
necessary to re-define that policy endlessly; and this indicates the need to
provide a permanent forum easily accessible to the public and at the same
time offering an opportunity for parliamentarians to express their views on
these important issues.

If this suggestion is accepted, the new permanent committee should under-
take an inquiry every five years and present a report on the general state of
science, technology, and innovation in Canada and on the major changes
that appear to be needed in overall science policy. Between these general
reviews, the proposed committee could select a specific area or problem of
science policy each year and study it in depth. There are several such areas
or problems that deserve special attention and detailed consideration: scien-
tific and engineering manpower requirements, atomic energy, food tech-
nology, communications, scientific and technological information, research
methodology, and research management are given here merely as illustra-
tions. Other new major issues requiring quick but careful attention will un-
doubtedly arise.

The Committee therefore recommends that the Senate appoint a standing
committee on science policy to make a general review of major policy issues
every five years and to undertake special investigations each intervening year
on specific areas or problems of particular interest within the scope of science

policy.
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THE EARLY DAYS:
THE FIRST ATTEMPT TO BUILD A SCIENCE POLICY

INTRODUCTION:
THE NEED FOR AN HISTORICAL REVIEW

This chapter and the three that follow review the development of science
policy in Canada, emphasizing the Canadian government’s response to the
challenge of science and technology. They describe how major research and
development programs were initiated and new institutions established to deal
with that challenge. They analyze the successive attempts that were made to
co-ordinate the science activities of public agencies, why they failed, and
how the absence of a global strategy affected the government’s involvement
with science and technology.

The Committee has found that the present state of Canadian science
policy is largely a result of the past and cannot be really understood with-
out reference to its historical background. Any consideration of the develop-
ment of science policy in Canada must necessarily focus on the history of
the principal government institutions, such as the National Research Council
the departments concerned with science and technology, the Science Secre:
tariat, and the Science Council. It is useful to review the history of these
agencies, for this provides a perspective for some of the Committee’s con-
clusions. It is true that one risks being unfair in criticizing institutions that
were set up to contend with the problems and opportunities of the past.
Nevertheless, their failure to transform themselves to meet new challenges
must be pointed out to show that changes have become necessary. But it
must also be recognized that transformations of this kind are a major world
problem that has nowhere been solved satisfactorily.
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The danger arising from the re-constitution of an historical record has been
described by Fischer as the pragmatic fallacy; one can fall into this trap by
selecting facts in the service of a cause. In choosing its material, the
Committee may have had its perception coloured by its preoccupation with
the problems of present-day science policy. To guard against such bias, the
Committee has asked some knowledgeable persons to read and comment on
these historical chapters.

SCIENCE AND TECHNOLOGY IN CANADA: THE BEGINNINGS

In the latter part of the 18th century and the early 19th century the pace of
technological development and application in Europe began to accelerate.
This development has come to be known as the “Industrial Revolution”.
In time this revolution swamped the whole of Western society and changed
its social fabric in a most dramatic manner.

As Karl Polanyi wrote, “The nineteenth century, as cannot be over-
emphasized, was England’s century. The Industrial Revolution was an
English event.” The men responsible for technological innovations in
England during the beginning of the Industrial Revolution were nonconform-
ists who had been excluded from the universities and learned their science
indirectly while pursuing their trade. In other words, the coupling between
science and technology was very loose and did not rely on the established
system of higher education. The new discoveries that created this revolution
at the end of the 17th century in England “were made by men outside the
Royal Society and the universities. The many-sided, inventive men who
founded the Royal Society in 1660 still existed. . . . But they were no longer
to be found in the respectable circles of the professional scientists. Instead,
they were found in the manufacturing towns, and in the academies of the
dissenters, to which manufacturers sent their sons because they gave a more
realistic education than the universities.”?

During the early part of the 19th century, Great Britain and to a lesser
extent France were fast developing industrial technology and finding ways
of fruitfully exploiting science. Later on the United States moved from
technical backwardness to such a level that it could begin exporting to the
“advanced” European countries manufacturing techniques and machine tools
so different that the whole approach became known as the “American
system”. An English productivity team that visited the United States in 1853
to study this “system” concluded that “Men served God in America, in all
seriousness and sincerity, through striving for economic efficiency.”



Meanwhile, in Canada a small population was struggling to open up a
large land and to extend the region of habitation. Although from the
beginning Canada had people who were knowledgeable about science and
technology and aware of its future importance, Canadian activity in these
fields and the development of Canadian industry both lagged behind the
progress of Europe and the U.S.A. On the whole, the growth of Canadian
science before World War I was a slow and cautious process.

Canadians are probably backed by more natural resource wealth per capita
than the citizens of any other land. It is not surprising that some of the first
scientific interest in Canada was focused on these resources. For example, the
transactions of the Quebec Literary and Historical Society, founded in 1824,
contain the first works on geology published in Canada, and in 1856 the
Natural History Society of Montreal began publication of the Canadian
Naturalist and Geologist. It is also not surprising that the oldest scientific
organization of the Government of Canada is the Geological Survey of
Canada, the present-day descendant of the Geological Survey of the Province
of Canada, which was created in 1841.* It is one of the oldest survey groups
in the world; the survey in the United States, for example, was founded in
1879. The challenge of vastness is still with us: Dr. J. M. Harrison, writing
in 1960, could state that “not more than 15 to 20 percent of Canada is now
geologically mapped in adequate detail.”

The founding of the Geological Survey and the publication in 1863 of
the Geology of Canada laid the foundation for the Canadian mining indus-
try,® which did not become prominent until the 1890s in British Columbia
and the early years of this century in northern Ontario when rich deposits
of gold and silver were discovered.

The first study of astronomy in Canada, too, was in response to practical
problems. The Jesuits in Quebec studied partial solar eclipses as early as
1670 as an aid to determining longitude.” Federal government suppont of
astronomy dates back to 1885 when the first longitude surveys were begun
in order to define tracts of land needed for the construction of railways in
British Columbia. But astronomy seems to have been the first pure science
in Canada. The first astronomical observatory in this country was founded
at Fredericton, N.B. in 1851, and was followed by other small observatories:
Quebec City in 1854, Kingston in 1875, and McGill University in 1879.
The completion of the Dominion Observatory’s 15-inch telescope in Ottawa
in 1905 allowed Canada to start the research that rapidly won a respected
standing in international science.
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When the Dominion Astrophysical Observatory was completed in
Victoria in April 1918, its 72-inch telescope was the largest in the world.®
Dr. J. S. Plaskett directed the observatory from its beginning until 1935;
his studies of the motion of the Milky Way and its stars and the rotation
of galaxies were respected contributions to science.’ In 1922, he discovered
a twin star now called the Plaskett twins.’® The field is as exciting today as it
has ever been. How best may Canadian scientists continue to share in the
opportunities for discovery? The circumstances surrounding the federal
government’s cancelling of the Mount Kobu telescope illustrates the difficulty
of science policy decision making.

In 1852 the government of Canada appointed Pierre Fortin to head an
expedition to inquire into the protection of the fisheries of the Gulf of St.
Lawrence. Fortin initiated the scientific study of the fisheries by listing the
species found in the area and by developing a system of fishery statistics
that has provided basic data for much later research." He was summoned
to the Senate in 1887.

The present Fisheries Research Board is a direct descendant of the Board
of Management of the Biological Stations established in 1898 by the Depart-
ment of Marine and Fisheries. Parliament formalized this organization in
1912 by establishing the Biological Board of Canada. In 1937 the respon-
sibilities of the Board were increased and the Board was renamed the
Fisheries Research Board of Canada. The first full-time chairman was
appointed in 1953. He was named as “the chief executive officer of the
Board and has supervision over and direction of the work of the Board.”
Thus for the first time both policy guidance and full-time executive authority
and responsibility were placed in the hands of a person always available to
the minister and to the field establishments.'*

The oldest scientific journals that have been continuously published in
Canada are two that began in 1868: Le Naturaliste, founded by L’Abbé
Léon Provencher, and The Canadian Entomologist, founded by William
Saunders who, in 1863, created the Entomological Society of Canada.

It was around this time that experimental farms were being developed in
the United States. The improvement of agriculture there had been accelerated
by the land grant colleges, the “cow colleges” as they were known by some,
and by the middle of the 1870s states began to set up experimental stations
designed to give these colleges both outdoor and indoor facilities. Many
observers thought more effective co-ordination between state experimental
stations and the U.S. Federal Department of Agriculture—and more federal
money—would be a further improvement. In 1887, Congress passed the



Hatch Act which made the experimental stations purely state institutions
aided by federal land grants; A. Hunter Dupree writes:

The passage of the Hatch Act changed the Department of Agriculture from a
single central agency into a nexus of a system of semi-autonomous research
institutions permanently established in every state. No other scientific activity
of the government had attained such a spread.®

In Canada, in 1884, a select committee of the House of Commons looked
at the problems of agriculture and recommended, among other things, the
establishment of an experimental farm. A year later Professor William
Saunders was sent to tour the experimental farm stations in the United States.
He recommended a similar experimental station project in Canada ¢ R
months later Parliament passed a bill establishing five experimental farms,
of which the principal or central farm was to be in Ottawa and to serve
Ontario and Quebec.'

The courses followed by Canada and the United States in setting up
experimental farms indicate what the situation has been over the years in
several other fields. The United States would innovate institutional responses
to problems or opportunities earlier than Canada; some years later Canadians
would study the U.s. system and then initiate a solution compatible with the
Canadian political, social, and economic environment. Because of its earlier
development and larger population, the United States has been used from
time to time as an “early warning line” for problem identification and as a
model for organizational solutions.

The name of William Saunders is connected with one of the most striking
innovations in Canadian history: the introduction of Marquis wheat. The
opening of the West and the increasing grain export trade had revealed the
need for earlier-ripening, good quality wheats, and in 1892 Saunders crossed
an early ripening wheat from India and the popular Red Fife. This led to
the famous Marquis wheat. Saunders’ son, Charles, made the final selection
and is generally regarded as the father of Marquis."® This wheat was intro-
duced in 1907, and ten years later it accounted for nearly 90% of wheat
grown in Canada.

Nevertheless, wheat rust still caused repeated and disastrous crop losses.
Representatives of federal and provincial departments and experts from
the United States held a conference in Winnipeg in 1924 and mapped out
a series of experimental projects for a central Rust Research Laboratory on
the grounds of the Manitoba Agricultural College at Winnipeg. This labora-
tory opened in 1925 and after exhaustive tests Renown, the first new wheat
variety, combining disease resistance, high quality, and satisfactory yield,
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was released to farmers for seeding in 1937. Many other varieties followed.
An eastern Canadian paper commented on the battle against wheat rust:

Nothing that the politicians have done or are doing, nor anything they may do
towards strengthening the position of the wheat producer, can, in the long
run, compare with what has been accomplished by departmental scientists in
developing wheat that is not infected by rust.”

Forestry research'® was slow to develop in Canada. From 1875 to 1905
federal forestry seems to have been largely involved with the disposal of
timber from federal reserves, though some informal experimental research
in nursery research was conducted by the Department of Agriculture and
later by the Forestry Branch of the Department of the Interior. The first
formal forest experimental station was established by the Forestry Branch
at Petawawa in 1917.

The importance of forestry research was understood by some but it was
many years before the federal government began conducting research. As
early as 1884, J. H. Morgan, Forestry Commissioner, submitted a report
to the Minister of the Interior in which he recommended the use of a system
of forest management and the establishment of forest experimental stations.
In various forms this recommendation recurred for more than 30 years. Yet
the annual report of the Department of the Interior for 1916-17 noted that
an advisory committee had submitted a memorandum pointing out the great
need for forest research in Canada:

Ignorance, lack of definite information, opinions rather than knowledge of
facts have characterized, and still to a large extent continue to characterize,
the methods of handling the forest resources of the Dominion to their detri-
ment and loss ... We have in Canada not yet undertaken the first systematic
study of the biology of any of our species, a knowledge fundamental to its
silviculture . . . As regards increment, the rate of production that may be ex-
pected from our species under varying conditions, we are also lacking in
knowledge. There are neither volume tables as aids for timber estimating nor
growth or yield tables as bases for calculating the results of our silviculture in
existence. Meanwhile, truly foolish ideas prevail regarding the rate of growth
of forest trees and forest acres.”

Not until 1921, did the federal government at last establish a Division of
Forest Research in the Forestry Branch.

There was little basic research in the sciences before World War I
Nevertheless one important episode is worth mentioning here.

Around the turn of the century, three young scientists were working at
McGill University who later went on to win Nobel prizes, the ultimate
symbol of scientific accomplishment. One of the three was a young New



Zealander, Ernest Rutherford, who has been called “one of the greatest
scientists of all time.”? In 1902, Rutherford and his McGill associate,
Frederick Soddy, put forward a theory of radioactivity that brought order
into the chaos of many newly discovered elements. At the beginning of their
McGill days Rutherford was 27 and Soddy 22.

In 1905 a young German chemist, Otto Hahn, went all the way to
Montreal to become a student of Ernest Rutherford. This was the first
demonstration of Rutherford’s amazing ability to attract and train scientists
of the first rank. Hahn subsequently described Rutherford’s tin-can appara-
tus and basement laboratory at McGill and remarked: “It was in our favour
that this whole area of research was so new that one could have the pleasures
of discovery even with primitive equipment.” Back in Germany, Hahn re-
ceived the Nobel prize for chemistry in 1944. Frederick Soddy, in England,
had received this prize in 1921 for his work on isotopes (the physics Nobelist
that year was Albert Einstein), while Rutherford himself had received the
Nobel prize in chemistry in 1908, the year after he left McGill for Manchester.

Until World War I, the Canadian government concentrated its science
activities on natural resources. That policy was sensible. For a large country
with a small population that had to face the unfavourable impact of coal
and steel technology, the normal avenue to rapid growth lay in the exploita-
tion of natural resources. It was wise, therefore, to survey their potential
and prepare to use them more effectively.

WORLD WAR I AND THE BIRTH OF NRC

World War I challenged the government to extend its involvement with
science and technology. For the first time the government concerned itself
with what is now called science policy, as opposed to its previous practice
of trying to solve practical problems as and when they arose. The stimuli
came from Canadian industrialists, the British government, and Canadian
universities.

In 1915, a group of businessmen urged the government to encourage
industrial research.?? It was suggested that the government should cooperate
with the universities to improve industrial techniques and to finance the
work. A meeting was held in the office of the Minister of Trade and Com-
merce, but nothing concrete resulted.*

Later that year the British Government created a Department of Scientific
and Industrial Research (DsIR).* Parliamentary responsibility for this
department was vested in the Lord President acting with the consent of a
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committee for scientific and industrial research attached to the Privy Council.
The main source of scientific knowledge was supplied to this committee by
an advisory council drawn from members of the Royal Society.?® In 1916 a
British cabinet minister seems to have recommended a similar plan to the
governments of the Dominions,?® and the u.K. Ministry of Munitions added
a Canadian university to the list of British universities to which it sent a
circular inviting co-operation in research and development. According to
Mel Thistle, the historian of the National Research Council, the letter
requested that a Canadian government department co-ordinate university
research activity. This exhortation, occurring in the midst of a war in which
Canada was aiding its “mother country”, brought results. In May 1916 the
principal of McGill University told the Minister of Trade and Commerce,
Sir George Foster, that at the annual conference of Canadian university
presidents he would propose that the universities associate themselves with
the DsIR, unless the minister had more definite proposals for co-operation
between the Dominion government and the universities.”” The minister replied:

I have not yet abandoned my idea of co-operative work with the Universities
along the line of research. The scheme of Imperial authorities is wide and
comprehensive, but it seems to me that first and foremost each Dominion
should organize itself and through that organization, work with the Imperial
scheme.”

Before leaving for England, the Minister of Trade and Commerce asked for
the appointment of a committee of six cabinet ministers to be responsible
for the expenditure of funds provided by Parliament for scientific and indus-
trial research. He also recommended the establishment of a council of unpaid
advisers to be responsible for co-ordinating research in the universities and
suggesting projects for their attention. These recommendations were
approved by Order-in-Council in June 1916. Thus was born the National
Research Council, as the Honorary Advisory Council came later to be called.

It was not an auspicious birth. It is apparent that the government’s hand
was to some extent forced by the spectre of Canadian universities becoming
linked with Britain’s psik. The Minister of Trade & Commerce recorded in
his diary “Got my Advisory Council though most members of [Privy]
Council utterly indifferent or antagonistic.”* The council was not born out
of a deep, strongly held conviction of the need for a science policy machinery.
But it was a start.

Dr. C. J. Mackenzie describes the sitution this way: “It was from Britain
in 1915 that Canada’s attention was first drawn to the fact that science had



become a major force and that government should recognize this and set up
the necessary machinery to insure the best use of this new element.”*

The British influence did not stop there; as late as 1963 Dr. Mackenzie
commented to the Prime Minister:

While detailed government organizations in Canada will naturally differ from
those in Britain, it is from the country that our systems of government and
organization have stemmed that we can draw our most useful lessons. Infor-
mation from other western countries about general objectives is interesting,
but to guide us in regard to organizational details an examination of the ex-
perience of Britain is the most helpful.”

The Order-in-Council setting up the Honorary Advisory Council (or, as it
became popularly known, the National Research Council) laid down the

following reference:

(a) To consult with all responsible bodies and persons carrying on scientific
and industrial research work in Canada with a view to bringing about
united effort and mutual co-operation in solving the various problems
and industrial research which, from time to time, present themselves;

(b) To co-ordinate as far as possible the work so carried on so as to avoid
overlapping of effort and to direct the various problems requiring solu-
tion into the hands of those whose equipment and ability are best adap-
ted thereto;

(c) To select the most practical and pressing problems indicated by industrial
necessities and present them, when approved by the Committee, to the
research bodies for earliest possible solution;

(d) To report, from time to time, the progress and results of their work to
the Minister of Trade and Commerce as Chairman of the Committee of

Council.

Later, according to the chairman of the National Research Council, Dr. A.
B. Macallum, it was found that “to make things stable, to give a certain
amount of security and definitiveness to its work, it was necessary to have a
statute enacted.” This statute was assented to on August 29, 1917,

Thus the Canadian government decided more than 50 years ago to estab-
lish a central machinery to plan and co-ordinate the national science effort.
It is worth underlining some features of this first attempt to develop a general
science policy for Canada. The new central organization was copied from
the British model. Its responsibility was to plan and co-ordinate, but it could
not carry on any scientific work itself. Its objectives were clearly mission-
oriented and aimed at “the most practical and pressing problems indicated
by industrial necessities.”

27
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THE CRONYN COMMITTEE: A FIRST EXPRESSION OF
CANADIAN CONVENTIONAL WISDOM

As its first task and according to its terms of reference, the National Research
Council undertook a review of scientific and industrial research in Canada.
The situation was bleak. Questionnaires were sent out to about 8,000 firms,
replies were received from 2,800, and only 37 firms were found to have
research laboratories. The majority employed only one research man, four
employed two or three, and seven or eight employed four or more. Dr.
Macallum said that some of the work could hardly be called research and
concluded that “in this country, there are not many more than fifty pure
research men all told.”*

At the conclusion of its review, the council presented its recommendations
to the Privy Council sub-committee on scientific and industrial research. At
the centre of this proposal was a two-part plan:

The government should build a research laboratory complex, primarily to
develop the new technology Canada needed if it was to join in the post-war
progress of the more advanced nations.

Industry should be encouraged to expand its research facilities and to join
forces in setting up “industrial guilds” to consider the common research needs
of a particular industry sector. It was proposed that instead of the government
helping to fund laboratories for these guilds, the staff of the guilds would con-
duct research in the proposed new government laboratories under the super-
vision of the laboratory staff.

In April 1919, five months after the end of World War I, these proposals
were submitted to a special committee of the House of Commons. The chair-
man was Hume Cronyn. The committee called witnesses from the govern-
ment, universities, and the private sector and from the United States. This
was the first public forum provided by Canadian parliamentarians for the
discussion of science policy issues.

We quote extensively from the evidence presented before that committee
because the prevailing views it contains represent the first expression of the
Canadian conventional wisdom on science matters and because they had a
significant impact on subsequent developments.

Looking back today with the advantages (and disadvantages) of more
than half a century of experience of government involvement in science and
technology, one can only marvel, on the one hand, at the primitive state of
Canadian industry and, on the other, at how similar were the basic problems
the men of those days had to cope with; at the subtlety with which they



foresaw problems of our own times that were then only faintly visible; and
at the patience and pertinacity the council members brought to their pion-
eering task.

The end of World War I had left Canada gloomy and uncertain of the
future. One brief the House of Commons committee received went so far
as to propose an optimism campaign:

That the Publicity Department of the Government start at once an optimism
campaign, and that in this the press of the country be requested to co-operate.
The country is drifting into a pessimistic state of mind as regards the imme-
diate future which might easily bring about far-reaching depression unless it
is quickly checked.”

It was thought that scientific research was one instrument that could help
revive the country’s hope. One witness appearing before the Cronyn com-
mittee, Prof. A. L. Clark of Queen’s University, put it this way:

If we go in for this research—and we surely must do so—we should not be
content with scratching the surface with imitations. We should begin by estab-
lishing a system of training workers and create a scientific atmosphere as it. has
never been done in any country. This country is rich, a few millions spent on
research will yield untold millions and prestige beyond our dreams.*

This romantic view of science and technology was far from the reality of
1919.

The development of natural resources was lagging, according to Prof.
R. D. McLaurin of Saskatchewan, who called it “one of the most vital
problems which is facing Canada at the present time.”® He added that
Canada was importing 98 per cent of its oil and large amounts of iron ore
and coal.

Professor McLaurin stated that:

In Canada the only national industry, we might say, is agriculture. The Cana-
dian people recognize that. Everyone recognizes the importance of agriculture.
We should have the same thing in science. It is necessary to create a national
industrial consciousness.”

There were also difficulties in the pulp and paper industry. Dr. R. F. Ruttan
of McGill said that although enormous capital was invested in the pulp and
paper industry from Labrador to British Columbia, there were only two men
“in charge of the expert work in connection with these mills....We have
not trained the men, with the result that those in charge of the technical
work, especially the chemists in the larger mills throughout Canada, come
from Norway, Sweden, and the United States. We have only one, perhaps
two, who are Canadian graduates.”’
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Professor Ruttan said that Canada, a country of eight million people, was
probably the only country of that size in the world “that has no adequate
university or Government research facilities. Therefore, as a nation we have
very little to be proud of with regard to our standing in what might be called
the most advanced regions of educational work, in which I include,
naturally, research. ... The whole problem has to be undertaken from the
beginning in Canada where there are no universities properly equipped for
research nor any institutions worth speaking of devoted to research in the
larger sense. . . .”?8

The representative of the Canadian Manufacturers Association, noting
that thoughtless people proposed to rely on research imported from other
countries, pointed out that many resources were unique to this country and
that Canada must do research on those.* ’

Even basic services were lacking. For example, Professor Clark stated:

At present, if I wish a thermometer calibrated or a set of weights standardized
or some electrical instruments tested, I must send them to Washington. That
should not be. We should have a place here in Ottawa where such instruments
could be sent and taken care of at once.”

In the opinions expressed by the council’s members we can spot one of the
problems that continue to confuse research policy to this day. They could
see that industry had to be supported by research, but most of them suffered
from what the well-known scientist René Dubos calls “the snobbery of
scientists toward inventors.”*! Dr. Macallum himself cautioned that “a
training in industrial research alone gives only limited powers and the
researcher so trained is ineffective except on very special points”; further-
more, “from the nature of things,” industrial science was “only of ephemeral
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value”.
He gave an example:

There are a large number of experts engaged in the flotation process of sepa-
ration who do not even recognize that surface tension is involved and in conse-
quence any improvement that they seek to find is sought for only empirically
... while fundamental research, if carried on in surface tension, may, in one
discovery, affect the whole industrial field ultimately.*

This attitude undoubtedly stemmed in part from the quality of fundamental
or basic scientific research then being done in universities. Dr. Macallum
pointed out that only two Canadian universities gave the Ph.D. degree, a
necessary prerequisite for a research worker—Toronto (from 1896) and
McGill (from 1904). Dr. Macallum claimed that in all that time the two



Canadian universities had granted only 11 Ph.D. degrees in pure science
whereas he supposed that u.s. universities turned out 350 to 500 Ph.D.’s in
the field each year.

Dr. Macallum thought that the trouble lay in the tradition of Canadian
universities. He suggested that the universities were controlled, not by men
of science, but by men whose education was on classical or literary lines.
He said:

I recall that when I first began to advocate the promotion of research in the
University of Toronto, both inside and outside of the university I met with ridi-
cule. All the staff on the Literary side were pointing to Oxford as the model
for the university to follow, not an American university, and contempt was
poured on the word “research”. What was research, they asked. We had to
meet that attitude.”

Professor W. Lash Miller of the University of Toronto told the Committee
that he had asked a number of professors at Toronto whether they would
like to see an institute for industrial research set up at the university and
had found “they would not.” He explained:

I think they feel they would not like bargaining with manufacturers, because
in the long run the university would lose more than it would gain.*

Dr. Macallum shared the view of the Toronto academics:

If you bring an industrial research problem into a laboratory it monopolizes
all the attention of the place. Its importance is enhanced, because it is going
to have immediate results, if successfully solved. The students themselves form
a wrong estimate of the value of it, and in consequence they are inclined to
disregard fundamental research . . . Research in fundamer'xtal science should be
their function which is a part of education .. . The c?uncﬂ - would not make
any provision in its recommendations for forcing industrial research on the

universities.”

Not many witnesses contested the council’s view t_hat university research
should be pure; of the few who did, two made particularly damaging com-
ments, for they were senior officers of the inst‘itutions on which the council’s
proposal for a central laboratory complex in Ottawa was patterned, the
Mellon Institute of Pittsburgh and the National Bureau of Standards in
Washington. Dr. S. W. Stratton, director of the National Bureau of Standards,
said that although researchers for industry should be well grounded in
mathematics and the fundamental sciences of physics and chemistry, technical
courses had to be added at the graduate level. Universities should turn out
men trained in cellulose chemistry or in the chemistry of rubber, for example,
because those were the types of researchers industry wanted. W. A. Hamor,

31



32

assistant director of the Mellon Institute, also thought universities could
carry out industrial research: “You would not only be training men there
for the institute, but you would be actually doing something and getting the
work under way.”*®

For the parliamentarians and the National Research Council members,
one of the most delicate areas was existing government research. One witness
said hopefully that since Canada’s problem lay in the need to create industry,
the council’s activities would presumably not come into conflict or even
contact with federal departments already operating laboratories and carry-
ing out research. This observation did not convince the Commons committee
and they called as witnesses a number of federal government scientists.

One who must have reassured them that they were right to look into
government research was the Dominion Cerealist, Dr. C. E. Saunders (of
Marquis wheat fame). He was critical of the experimental farm program
that had been set up following his father’s report 30 years earlier. He said
at the outset that “it would seem to me desirable that the purely scientific
part of agricultural investigations should be separated from the present
experimental farm system.”*

He contrasted the control of research exercised by universities and govern-
ment departments. Governments looked for immediate success, “for obvious
reasons. Governments wish to please the people. They wish to be re-elected,
and the ordinary voter wants results right now, just the very time when
they cannot be had. At any cost therefore he must be convinced that success
is being attained . . . The proper method is to look not for immediate
success, because immediate success often means permanent failure, but to
look for light. Those two words, success and light, express the contrast
between the two methods . . . to seek not immediate success but light—
a very much finer and more important aim.”*!

Dr. Saunders presented a long exposé of the problems of research in the
Department of Agriculture. The neglect of research might make Canada
permanently dependent on the rest of the world for its basic agricultural
science. “Petty details prevent work being done,” he said, and “laws and
regulations are steadily increasing in number and red tape has become a
tragedy rather than a joke.” Researchers who needed freedom and “an
undisturbed mind” were “harassed by all sorts of annoying regulations and
demands.” Researchers on the farms who tried to pursue scientific research
found that “scientific papers are refused publication. The Printing Committee
will not pass them. ...We have been warned that the Committee will only
publish such articles as they consider of practical value such as will increase
the supply of bread and butter, I suppose.”



He could see only one way out:

There is no hope for scientific research in its best form unless an institute be
established which is not under direct, daily, departmental control....If an
institute for scientific research could be established under the control of an
independent board of scientists, it might accomplish a great deal both in pure
and in applied science. Such an institute could, I think, very well take over the
study of the great basic problems of scientific agriculture, while the experi-
mental farms might continue to be demonstration farms, teaching institutions
and propaganda centres for good farming.®

Another problem was brought to the committee’s attention by Professor
Edward E. Prince, chairman of the Biological Board, Naval Department,
Ottawa:
I know I am on controversial ground but official heads like to have big depart-
ments and the more officials they have the more credit they think attaches to
themselves. So that each department wants its own lawyer, architect, biologist,

and medical officer, and all duplication goes on in order to enlarge the staff and
make the department important. The idea is duplication and waste of money.™

The advisory council saw itself co-ordinating science policy and becoming
involved “with all phases of scientific and technical problems affecting the
economic and industrial life of the country.” Would the government support
and encourage it in this direction? Even at the risk of blocking the growth
plans of a particular department? These were the questions underlying the
discussions before the Commons Committee in May and June 1919.
The council agreed that industrial development must depend in part upon
an army of Ph.D.’s trained in fundamental science and believed that uni-
versities would be subverting their role by training engineers and industrial
researchers. As Professor Ruttan, a member of the council, put it, universi-
ties would provide the money and facilities for training in basic research,
and the council would supply the incentives to students to get that training.
The universities must receive money from somewhere. . . . The universities must
get special endowment in connection with research, and it would with much
better grace come from the public, from those who support the universities, or
from the provinces, than it would from the Federal Government. There are so
many universities, eighteen or twenty as Dr. Macallum has pointed out, that
would apply for this grant.. .. With the view of assisting in this research and
graduate work we have established fellowships, scholarships, studentships, and
recently bursaries, the object being to help the universities to get the men. But
the universities must supply the money for the training.”

Another problem raised before the Commons Committee was the serious-
ness of the brain drain. Professor Miller said that the University of Toronto
undergraduate honours chemistry courses fitted students for research but
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that there had never been many students. The yearly average for the previous
27 years had been about half a dozen graduates. He said steps had never
been taken to increase that number because their best men had always gone
south of the border.

He said the same was true of graduates who had gone into industry.

As in the case of those who have gone into academic work, the greater number,
and the best paid, are south of the border, in rubber works, oil, gas, soap, salt,
abrasives, explosives, electrochemical works, etc., not doing routine work
under somebody else’s direction, but in responsible well paid positions. . -.
I think these illustrations will help to make it clear why we did not try to get
more men into the chemistry department. We were turning out half a dozen
men a year and Canada did not need that number. If we sent out more men
they would simply leave Canada. . . . The universities did supply the men, but
we could not place them here, and the reason was not that the men were no
good, for they have made a great success of their work in the United States
....We saw these things a long time ago, as far back as 1902 we were just as
clear about this subject as we are now.*

The council concluded that two things had to be done simultaneously if
Canada was to increase the level of scientific research. Job opportunities
had to be created for the graduates, and more research-trained students had
to be graduated. But it was easier said than done.

Turning to what was regarded as the major problem, Dr. Macallum said
Canada had between 40 and 50 firms whose operations would benefit greatly
by research but that their annual sales were not sufficient to meet the expenses
involved. He contrasted the research budget of the few Canadian firms that
did conduct research, such as Imperial Oil, which spent $240,000 a year,
and Consolidated Rubber, which spent $40,000 to $50,000 with the numer-
ous American firms that spent “several hundred thousand dollars each year
on research.’” In looking at this problem, Dr. Macallum said, the council
“took a leaf out of the book of the British Research Council” and advocated
the formation of industrial guilds for joint research for firms in a particular
industrial sector. The firms would pool their research funds and hire research
men to investigate their problems.*

In Britain the government funded laboratories, equipment, and staff for
several such research associations. The Canadian council could not give any
substantial funds for these purposes, “but,” Dr. Macallum said, “we hoped
to give these guilds...advantages which would equal that which the
British Research Council provides for the trade associations for research.
These advantages would be free accommodation, light, and heat in a national
research institute.



The national research institute, Dr. Macallum said would parallel “in a
modest way for the next few years the Bureau of Standards in Washington,
and in the building which is to house this institute there would be free
accommodation for the staffs of various guilds of research. This, with super-
vision that the staff of such an institute would exercise over the work carried
on by the staffs of the guilds housed in the institute, would greatly promote
the success of the researches carried on by such guilds. There is great
urgency in the need of such an institute in Canada. We must give our
industries such advantages as the American industries possess.”

The council’s recommendation for a laboratory complex (the National
Research Institute) was elaborated before the Commons Committee by
Dr. Macallum. One part dealt with what he called “the Bureau of Standards
side”: ;

The institute shall have charge of:—

(a) the investigation and determination of standards of length, volume, weight,
mass, capacity, energy, and time, and of the fundamental properties of
matter.

(b) the standardization of the scientific and technical apparatus and instru-
ments for Government service and for use in the industries of Canada
and of the materials used in the construction of public works.

(c) the investigation and standardization of the materials which are or may be
used in the industries, and of the products of the industries.

(d) researches undertaken with the object of improving the technical proces-
ses and methods used in the industries and of discovering new processes
and methods which may promote the expansion of the existing industries
or the development of new Canadian industries.

(e) Researches undertaken to promote the utilization of the natural resources
of Canada.

The second part, he said, dealt with “the industrial side”:

The Institute shall have chargé, direction or supervision of the researches which
may be undertaken by or for single industrial firms under conditions to be
determined in each case or by such organizations, to be known as Trade Guilds
for Research, which may be formed in the various industries with the view of
improving the processes of production or the products of these industries, as
may desire to avail themselves of the facilities offered for this purpose by the
Institute.

Thus all roads led to the creation of a laboratory complex, the National
Research Council Laboratories as it was called when it was finally built
many years later.
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Commencing on this recommendation Professor Ruttan said:

Probably one of the greatest authorities, Dr. Stratton, the head of the Bureau
of Standards, stated that if they could begin again they would have the one
central organization instead of having a geophysical laboratory, a chemical
bureau, and numerous other laboratories, as well as the Bureau of Standards
and research institutions in connection with the Department of Agriculture and
the Department of Food, all doing research in an independent way. One
national organization for research in addition to the departments of the United
States Government, doing routine scientific work, would lead to the best re-
sults. We found that this was confirmed by a number of others at the various
discussions that we carried on.”

The central research institute would also help to absorb the increasing
number of graduates which it was hoped the universities would produce,
aided by scholarships from the National Research Council.

This large stream of researchers was to go to the institute, where they
would work on standards and supervise the researchers coming from the
industrial research guilds. Presumably some of this flow would leave the
institute to work in industry but there was no discussion of how that would
come about.

Council members pushed for generous funding for their institute.
Professor J. C. McLennan, for instance, said the cost of the institute had
been estimated at half a million dollars but that was insufficient, “a mere
bagatelle”—an understandable comment in light of evidence given by A. W.
Hamor of the Mellon Institute: “At the present time, gentlemen, manu-
facturers in the United States are spending annually ten million dollars in
chemical research, and perhaps an equivalent amount in physical and
mechanical investigation. The chemical research relates largely to the dis-
covery of new processes, the improvement of existing processes, the cheap-
ening of products, standardization work, and a certain amount of research
applied to the public service.”*

There were critics who disliked the idea of a central institute and would
have preferred a number of decentralized institutions. There were also sup-
porters of the central institute who had reservations about some of its
features. The Canadian Manufacturers’ Association urged two points on the
government. The research council should include “manufacturers in repre-
sentative industries...on a basis equal numerically to the academic
representation now thereon,” the manufacturers said; and they also thought
t.he government should, under the supervision of the research council and
“in co-operation with the industries on terms to be agreed upon, establish,
equip and maintain a laboratory for conducting scientific industrial research



and furnishing information relative to new processes, properties, inventions,
improvements, and materials discovered there as may seem capable of use
by interested manufacturers.”® Even that early, it is seen, industry was
concerned about academic control of the research council and about the
paternalism implicit in the proposal that the central research institute should
have “charge, direction or supervision of the researches which may be under-
taken for industry.”

Yet although the research council representatives and other Canadian
scientists were seeking to increase the number of pure scientists, the examples
they cited to the parliamentarians as problems to be investigated by the
institute were very pragmatic. They included:*

Use of straw for producing gas for Western farmers.

Development of signalling methods for foggy weather.

Utilization of low-grade iron ore.

Development of a wheat superior to Marquis.

Exploitation of the Western tar sands.

Certain problems of pollution.

Development of the enormous supplies of lignite in the West.
Manufacture of ethyl alcohol from waste sulphite liquor from pulp mills.
Methods of extracting helium from Alberta natural gas.

Methods of utilizing fish waste.
Development of navigational aids based on anti-submarine technology.

Economic use of coal and fuel supplies.

Although the witnesses proposed many investigations of a practical nature,
Professor Ruttan reported that when the research council put out a call for
problems requiring research assistance “we were rather disappointed at the
number of men who came forward in answer to our request for problems.
There were very few. It was one of the most disappointing features in connec-
tion with our work. . . . We expect to have more applications in the future.”®s
The need to develop an atmosphere in which industrial research was normal
rather than exceptional could hardly have been demonstrated better.

CONCLUSION

Before World War I, the emphasis had been on surveying and using Can-
ada’s natural resources. During and after the war, the main preoccupation
was with the needs of industry and university training to meet these industrial
requirements. The diagnosis presented to the Cronyn committee by Canadian
scientists in 1919 was accurate but, as we can see today, the remedies

proposed were impractical.

37



38

The scheme rested on two premises: that Canadian industry was clearly
incapable of carrying out enough research of good quality to satisfy its needs
and that there were not enough scientists in Canada to investigate and solve
industrial problems. The conventional wisdom was also strongly opposed
to the idea that universities should carry out industrial research.

With such premises the solution seemed very simple. The National Research
Council would use financial incentives to induce young Canadians to get
a scientific training. Universities would produce more and better pure
scientists. A government research institute would hire them to work on
standards and other technological problems faced by primary and secondary
industries and to direct or supervise research done by industry in govern-
ment laboratories. Thus the deficiencies of supply and demand would be
corrected.

This first formulation of a Canadian science policy was not the work
of Cabinet ministers who were “utterly indifferent or antagonistic” but of
a small group of dedicated scientists. Its success, however, depended largely
on generous government funding. Moreover, it clearly created a conflict of
interest between the co-ordination and research functions of the council.
Individual firms were not considered the ideal location for industrial research
aimed at market innovations, and the limitations of cooperative arrangements
for research within an industry when secrecy is essential were under estimated.
Finally, the policy ignored the fact that pure scientists are trained to carry
out pure research and that they are not usually motivated or equipped to
do testing work and to solve engineering problems.

It is easy today to make these criticisms. But some of these points were
presented to the Cronyn Committee in 1919, mainly by American experts.
It is regrettable that they were not given more weight and attention.

The first Canadian attempt to plan and co-ordinate science activities ended
in confusion. Canada adopted the British model for planning, co-ordination,
and execution of science activities as well as for university training, but
the objectives and goals that were selected, namely the emphasis on industrial
research and standardization, were inspired by the American experience. This
dual focus of science policy should not surprise us today. It merely reflected
the general Canadian ambivalence during a transitional period of our
history.
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BETWEEN THE WARS:
THE FAILURE OF SCIENCE POLICY

Once formed, the National Research Council had to give meaning and
reality to the function formally defined for it in the Act. This was not
an easy task. In C.J. Mackenzie’s words, “By terms of reference the NRC
was instructed to co-ordinate and promote scientific and industrial research
in Canada. The NRC soon found that there was little or nothing to co-
ordinate.” From 1912 to 1915, it was estimated, the total expenditure on
university research by government departments amounted to $277,000. The
NRC study begun in 1917 showed that less than $100,000 was expended
annually by government laboratories for scientific research, and apart from
salaries the total amount spent in 1916 in industry was probably less than
$135,000.% This, plus the mere trickle of Ph.D. graduates in the physical
sciences and the lack of interest by the Privy Council, must have made the
situation appear bleak to members of the National Research Council, espe-
cially at a time when the British and American governments were much

more deeply involved in science.

THE COUNCIL'S MODEL

For the council, research was the key word, the path to success; develop-
ment and innovation or even engineering do not appear to have been in the
Canadian science policy vocabulary of the day. It was the role of the universi-
ties to train “the new army of researchers who are to assist in the application
of science to Canadian industry.™ The universities should not attempt to

train researchers in industrial research but should concentrate on pure and
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applied science, “which is held by all who have experience in research to be
the best field in which to prepare students for a career in industrial research.”
Implicitly basic science was associated with timeless values, industrial re-
search with the ephemeral affairs of commercial life.

The persistence and stability of this view is noteworthy. A decade later
NRC’s President, Dr. H. M. Tory, stressed the point:

It is very seldom that the pure scientist is willing to put aside his own work
and undertake a special piece of industrial work. The man willing to do so is
usually one who. .. generally does not succeed in doing work after it is
given to him. I would never permit a university over which I presided being
made a fifth wheel to an industrial coach. Our work after all is teaching and
research.’®

When some council members suggested the government should fund universi-
ties to carry out industrial research, others argued that this would deflect
universities from their true goals and overburden their already meagre
capacity to train research scientists. The council’s response was to begin a
program of scholarships and grants.

The council members wished to build a strong basic science capability in
Canada—where virtually none existed—and to see that it did not bog down
in short range industrial research objectives. Nevertheless, they realized that
if basic science was to maintain its financial support it had to deal success-
fully with practical problems of national significance. That led the council
to propose a co-ordinating machinery for each new technical problem as it
arose. By 1920 the council had created its system of appointed advisory
committees, but they were not successful. Seven years later Dr. Tory claimed
that all the major research projects then in progress were “the results of
study and persistent effort on my part to get them going.”® The problem of
co-ordination proved persistent.

The council’s other major objective was to develop government labora-
tories to undertake long-range industrial research that no one else would do.
This seemed the obvious way to put science and industry together. Many
firms would never be able to afford the luxury of their own laboratory: they
could combine their resources as “Trade Guilds for Research” for particular
industries for the purpose of financing research in the central complex of
government laboratories.

The council’s model foresaw the necessarily loose relationship of science,
technology, and practical development. Science would be confined principally
to the universities; technology and advancements in the “state of the art”



would be found in government laboratories and in the laboratories of the
few large firms with trained researchers; development would presumably be
carried out by industry, although this was not too clearly spelled out.

NRC'S BATTLE WITH THE CIVIL SERVICE ESTABLISHMENT

The council was the first science policy machinery to be set up in the
environment of government departments and political realities, and like all
innovations it was resisted. When the council was set up to co-ordinate
research and then sought to build its own laboratories, the government
departments understandably became very conscious of the fact that they
were “here first”. Several had a long and distinguished career of scientific
achievement, and from their point of view the council, the new enthusiast
for science, was simply hoping to rediscover what they had known for years.
It was inevitable that there would be a clash between the established bureau-
crats who knew how the system worked and a new council of, to them,
innocent enthusiasts.

On the other hand, there was no reason why the university professors
and others on the council should have had an undue respect for civil servants
—and they hadn’t. The Civil Service Commission, they said, was not capable
of selecting scientists. The process of selection was too slow and the salary
scales offered were low. Speaking of the council’s proposed laboratory, its
chairman predicted: “If it is put under the Civil Service Commission it will
die prematurely or be ineffective as so many Departments of the Government
are.”” Eventually the council managed to obtain its independence from the
Civil Service Commission. But the council still reported to a Cabinet sub-
committee whose members were ministers of the main departments conduct-
ing research, who would therefore be briefed by their senior officials. The
grounds for internecine battle were well laid.

Government departments wWere understandably cool toward the council’s
attempt to co-ordinate their work, set up associate committees, or fund
research in what they might well have considered their fields of activity and
to attempt to obtain Jaboratories, which might extend the council into direct
competition with them. AN

The early days were scarred heavily by institutional friction. When the
council tried to obtain information about pulverized coal for a public report,
“difficulties arose, chiefly through the curious psychology that develops in
government departments. The jealousy that was manifested in this connec-
tion was beyond any expectation of mine.”® NRC felt that the Department
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of the Interior was “busily concealing the fact that it was the Council who
initiated forestry research at Petawawa”,’ and later the council president
wrote that the Deputy Minister of the Interior instructed members of his
department “not to give us information, not to mention us in the literature,
etc.”’ Dr. Tory wrote the chairman of a Commons committee that the
Interior Department had committed “a deliberate action to steal some of the
work which otherwise would be done by our National Research Laborato-
ries”. Another department was also in the fray with Dr. Tory: “Things
are as I expected. Department of Defence wants everything and our co-
operation was only asked because we were in ahead.” A senior NRC staff
member said: “Personally I have many times felt that some of the Depart-
ment were more concerned with preventing encroachment on what they
consider to be their preserves than with the importance of getting the work
done. This situation is thoroughly recognized by those who have had any
considerable experience with the Public Service . .. "2

In 1927, according to Thistle, the NRC historian, “relations with the
Department of Mines, tense as they were, constituted a model to be envied
in comparison with the relations between the Research Council and the
Departments of Agriculture and the Interior.” Nevertheless the Deputy
Ministers of Mines and Agriculture had been placed on the council and
the president was resisting the appointment of the Deputy Minister of the
Interior. The council had won its independence from the civil service but
it ran the risk of being dominated by those whom it was supposed to
co-ordinate.

The Senate Committee has often been told that co-ordination of scientific
and technological activity in government organizations can only be achieved
when people from the various organizations are in day-to-day contact or
sitting together in committees. To believe this of NRC’s early days would
be credulous beyond reason; to believe that it would work any better today
would be naive. Friction is inevitable when issues are important and when
enthusiasm and ambition run high, especially if there is little policy direction
and review from above.

Even the Senate for a time frustrated the council’s ambition to obtain its
own laboratories. In 1921 the Meighen government determined to give NRC
the authority to establish laboratories—a National Research Institute. The
bill also stipulated that the council would come directly under the Depart-
ment of Trade and Commerce. After much debate the amending bill was
passed in the House, but it was defeated in the Senate. The president of
Dalhousie University, a member of the council, was moved to write, “It
seems a pity to allow a lot of old blathering idiots in the Senate to stampede



us. I read the debates, if they can be called such, in the Hansard, and I think
that I never had the opportunity of reading such unadulterated twaddle.”

Six years later the council’s president claimed he had subsequently learned
that the bill did not pass because “the hostility to the Research Institute
organization was deep-seated in the minds of members of the Government”,
and that inquiry had shown him that the bill's proposal to set up a “com-
pletely separate organization, known as the Research Institute, under a
separate set of officers” and divorced from the council “was the real reason
why the Bill had failed to pass the Senate.”**

Another attempt was made to obtain the laboratories in 1924, at the
same time as the council was seeking the greater autonomy of what would
now be called a crown corporation. This time the council chairman, Dr.
Tory, rewrote the NRC Act of 1917 in such.a way that authorization for the
“research institute” could easily be struck out, so that opposition to the
laboratories would not cost him an improvement in NRC’s status. Struck
out it promptly was, but the revised act passed. (The definition of NRC’s
work in the Research Council Act of 1924 is reproduced in Appendix 1.)

In 1928 the Minister of Trade and Commerce announced the government’s
decision to proceed with the laboratories. But should they be separate or
part of the council? Despite the hot debates of earlier years, Dr. Tory (whose
title had been changed from chairman to president by the Act of 1924)
won his case that they should be part of NRC and should in fact be called
the National Research Laboratories. From 1919 on, the council had pressed
hard to obtain laboratories. It was not until eleven years later, in February
1930, that construction began.

The minister’s announcement in 1928 was accompanied by a declaration
of intent “to gradually co-ordinate research work of government departments
under one controlling organization.”’® But how this was to be done was

not spelled out.

CO-ORDINATION: THE FORGOTTEN FUNCTION

While the council was fighting with government departments to get its own
laboratories it had little time and energy left to accomplish the mission for
which it had been originally established, co-ordination of the national science
effort.

The Cabinet sub-committee, which was the other element of central co-
ordination machinery, could not be very effective when its advisory council
was fully occupied on another front. In 1921 Sir George Foster, the Minister
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of Trade and Commerce and chairman of the sub-committee, remarked
that it had been “impractical”. He stated further: “You can get meetings
of the Cabinet with reasonable regularity of attendance, where you have the
interests of the whole to be looked after; but when you make a sub-committee
stand in the place of the minister with reference to a branch of work being
carried on under him, practical difficulties arise. It works out in the end to
this—the chairman of the sub-committee must take the responsibility and
in the main must carry on the work. So much delay is caused in getting
together the members of the sub-committee that it keeps back all the work
of the department, and if you adhere to that method absolutely it is very
difficult to make progress or to have satisfactory administration.”®

It must be said, however, that the sub-committee could work when it had
something concrete to do. For three years, 1927-30, it met monthly to
discuss the research council, mainly because of problems connected with
the founding of the new laboratory. Then it reverted to its former habit of
indifference, leaving matters in the hands of the chairman. (Time did not
much change traditional apathy, however: the sub-committee held no meet-
ings between 1950 and 1958.)

In those early days there was not much research to co-ordinate in indus-
try. NRC’s opportunity to co-ordinate its future plans with those of industry
was weakened by the absence of contacts and the insignificant representation
of industry on the council and its associate committees, as it is still, 40
years later.

There were difficulties too with the universities. The council thought the
universities should concentrate on pure research but had to “contend...
against two universities because their Presidents held that all the research
work required to advance the industries should be carried on in the Universi-
ties.””” Other universities regarded the budding council simply as an
unwelcome rival. Dr. Macallum reported “the authorities of Queen’s are
opposed to the creation of a National Research Institute simply because
they want to get the money for Queen’s University.”"®

The council, fighting for its own autonomy and its laboratories, was
hardly in a position to co-ordinate the activities of its rivals in government
departments. The conflict of interest that the council itself created was
too obvious for them to miss, and they refused to be co-ordinated.

The reasons why the central co-ordination machinery established in 1916
could not work were obvious. Yet in the 1930s the government was still
declaring its interest in co-ordination. Prime Minister Bennett stated that “all
government scientific services should be centrally co-ordinated and con-
trolled.”® NRC’s president took up the Prime Minister’s idea and offered to



bring federal research programs under review and contro] by the council.
He described his proposal in a memorandum he wrote to the Deputy Minister
of Trade and Commerce, J. G. Parmelee, in April 1932, (It is worth reading
in full for the feeling its gives of the problems of that time, many of which
persist to this day; the document is printed as Appendix II.) Dr. Tory knew
by then that co-ordination could not work. What he proposed was integra-
tion or amalgamation of government in-house science activities within the
council, as a substitute for “co-ordination”. For example, he stated:

The Public Works Laboratories without question would find their natural
home in the National Research Building....Such work would ultimately
be done under a testing division of the National Research Laboratories . . . .
Without question the bringing under the control of one body of all the analytic
work done for the Government Services in the various small departmental
laboratories would be a tremendous advantage.®

NRC staff estimated that the proposed amalgamation of government research
would reduce the costs by about one third. Yet for all the stated interest,
for all Dr. Tory’s efforts, for all the potential savings, nothing was done.
Government departments that had rejected co-ordination were certainly not
prepared to accept amalgamation, which in many cases would have meant the
transfer of their research services to the council.

The council also failed to accomplish another mission that it had proposed
for itself in 1919. Dr. Macallum had suggested that “the universities ought
to produce a large number of scientific research men” who would work in
NRC'’s laboratories if not required by universities. However, 13 years later,
when the laboratories were formally opened in 1932, “it was impossible to
obtain the required number of scientists to staff the Council laboratories. !
By June 1935 there were only 54 professionals on the council’s staff. Lack
of funds certainly had something to do with this situation. Whatever the
reasons, the slowness of response was not commensurate with the fast pace
of international developments in science.

The picture of the situation on the eve of World War II painted by Thistle
shows the complete failure of “co-ordination” and of the first attempt
initiated in 1916 to formulate and implement a science policy for Canada:

Government scientific services for agriculture, mining, forestry and fisheries
continued as before. Even the smaller laboratories, for example in the health
field, went on with their business as usual. Agricultural research remained
scattered, and uncoordinated by anybody—not even by the Department of
Agriculture. The Minister of Agriculture ... refused to name anyone from
his department to. .. [the council’s] Committee on Agriculture, and set up
a rival committee of its own to which . .. the director of NRC’s Division of
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Biology and Agriculture was appointed. The Council, of course, continued to
co-ordinate a portion of Canada’s scientific effort by way of the Associate
Committee mechanism. This brought together all parts of the scientific com-
munity from universities, industries, and government. However, this committee
device was largely restricted to national problems, in which all three compo-
nents had an interest. It left untouched and unco-ordinated most of the ‘in-
house’ scientific activities—pure science in the universities, the private affairs
of private industries, and even the private affairs of public institutions such as
government departments.”

A POST-MORTEM ON SCIENCE POLICY: NRC’s PLAN IN 1938

In 1938, 19 years after the council presented its review to the Cronyn
Committee of the House of Commons in 1919, the National Research
Council submitted a brief** to the Rowell-Sirois Commission (the Royal Com-
mission on Dominion-Provincial Relations). General A. G. L. McNaughton
was then NRC’s president and had been since 1935. The similarities between
the 1919 and 1938 presentations were striking, and they deserve to be
underlined.

In 1938 the key word was still “research”; in fact the report ended with
the statement, “Countries neglect research at their peril.” The introduction
implied that the research situation in Canada had not greatly changed in
two decades: “Even now, organized research may be said to be in its
infancy.”*

Nor had the years done much to bring about the long-sought co-ordination
of science activities. The report stated: “In any expansion of [research]
activities special consideration should be given to the formulation of a
national plan of research, and to arrangements for close co-operation between
all research workers and research organizations throughout the country.”*
Obviously the established machinery was not doing the job.

The NRC submission specified three requirements for a national research
plan:

(1) A survey of the country’s natural resources, industries, and facilities
for research...A national survey of the natural resources and indus-
tries of Canada from a technical point of view has not yet been made. ..
Several years ago the National Research Council proposed taking pre-
liminary steps in such a survey, with particular reference to the natural

resources of the country, but the facilities for carrying it out were not
obtainable.

(2) An estimate of domestic needs and of the part which Canada might
play in world economy ... [this] would involve a detailed study of
imports and exports . . . related to the country’s natural resources and



manufacturing facilities . ... It would also be surprising if it did not
disclose the existence of research problems which alone stand in the way
of the utilization of raw materials or waste products already available

(3) A study of the means which should be adopted in order to attain the
desired ends.”

These proposals represented almost exactly what the council had been asked
to do in 1916 and what it had been specifically authorized to do by the Act
of 1924,

NRC repeated its claim of 1919 that pure science was the keystone of
research and industrial development:

... The solution of practical problems by research depends on the new facts
brought to light and made available by fundamental research; ... the long-
range research of today carried forward without immediate utilitarian
objectives is the basis of the practical investigations of the future. ...” Recog-
nizing this truth, the National Research Council...has undertaken as a
component part of its duties under its charter to support university investi-
gations in pure science.”

Again in 1938, as it had in 1919, the research council insisted that the
vital function of research must be conducted by Ph.D. graduates in the pure
sciences and warned of the dangers of conducting industrial research in the
universities. University professors, the council said, must be accomplished
researchers like Rutherford and Osler in order to train and motivate
students.

One of the conclusions of NRC’s submission to the Rowell-Sirois Com-

mission was as follows:

Fundamental scientific research is the basis of industrial research, and the
chief responsibility for it rests on the universities and national research orga-
nizations. The selection and training of research workers is a continuing task

of the first importance.”

Since 1919 the council had set up a system of post-graduate scholarships
to complement its university research grants. While this had been an
important factor in building up postgraduate schools, the council thought
these facilities still inadequate, “and in consequence much more effort in
this direction will be necessary.”*® The council was still, in 1938 as in 1921,
providing about 40 scholarships a year at an annual cost of about $30,000;
in the 20 years of the program more than 400 persons had been assisted.
NRC had a total staff of around 300 employees and it was estimated that
about a third were people who had received these scholarships at university.
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NRC, in 1938 as in 1919, was critical of what industry was doing.
Research carried out by corporations still mainly related “almost directly
to their own operations . . . and even yet a very large proportion of industrial
research is intended to solve specific problems”—a far step from the impor-
tant part of the research spectrum, basic research. NRC’s brief contrasted
this with the practice of some U.S. companies, which undertook “many
researches where no immediate commercial objective was in view.”®

The 1938 submission contained the same complaint about the brain drain.
“Many of our best men have been and are being drawn away to these
organizations from service in their own country, and thereby ... we suffer
a heavy loss, both in money to pay for imports and culturally in the slowing
up of our progress.”* There was a new danger, too:

In Canada, many companies are subsidiaries of larger companies in Great
Britain or the United States.... In such cases, all, or a great part, of the
research is usually carried out by the parent company.®

The NRC brief did not discuss any means for increasing the research con-
ducted in industry, but contented itself with the following observation:

Industrial research will, in general, be carried out by industry itself. In
appropriate circumstances it is practicable and of advantage for industry to
have research on special problems carried out for it and at its expense by the
National Research Council.*

It seems that the large welcome mat for industry had gone from the door of
NRC’s laboratories, but that some headway had been made in co-operating
with researchers in departments of the federal government. NRC’s submission
to the Rowell-Sirois Commission recalled what difficulties had been experi-
enced earlier:

Some years ago fears were expressed in Parliament and elsewhere that the
activities of the Research Council might overlap those of the Department of
Agriculture. Actually, nothing of this sort has taken place; the working
arrangements between the two bodies are quite as harmonious as if they were
a single organization.®

As a matter of fact, only four years earlier NRC’s president, Dr. Tory, himself
had been worried that Agriculture’s chemistry branch was being further
expanded when the research it was undertaking could more advantageously
have been undertaken by his own organization.* The brief itself had pre-
viously emphasized the need for “close co-operation”.

As Dr. Macallum had in 1919, General McNaughton in 1938 justified
the council’s laboratories by emphasizing the council’s practical researches.



NRC’s Division of Biology and Agriculture was working on grain research,
paying special attention to the problems of growing wheat and barley in
western Canada. The Division of Chemistry was Placing its main emphasis
on industrial research: asbestos, laundering and dry cleaning, leather, and
rubber were mentioned. Work on the streamlining of locomotives, the
design of ship’s hulls and windmills, and tests on domestic oil burners were
among the activities of the Division of Mechanical Engineering. The Division
of Physics and Electrical Engineering conducted routine tests and standard-
ization on such items as thermometers, air cameras, and surveying instru-
ments along with research on sound and heat insulation, radio and X-rays.
The Division of Research Information, collected, collated, and distributed
scientific information, built up a library, published the Canadian Journal
of Research, and was working on a comprehensive national building code
as a guide to Canadian cities and municipalities.®

The associate committees too, to judge from their titles, were mainly con-
cerned with pragmatic problems: asbestos, coal classification and analysis,
field crop diseases, forestry, grain research, laundry research, leather, market
poultry, oceanography, potato research, storage and transport of food, Trail
smelter smoke, tuberculosis, weeds and wool.*®

Yet over the years the council in its public statements had placed great
stress on pure research and belittled utilitarian research or termed it of
“ephemeral” value. This dichotomy was not restricted to the National
Research Council nor to Canada. In commenting on this problem the scien-

tist René Dubos has written:

The ambiguity of social attitudes toward science may account in part for some
disconcerting behavioral traits of the scientific community. Scientists are prone
to teach their students that science is a great intellectual adventure to be
pursued without regard for practical utility. But they encourage technologists
and popularizers to convey a different message to the public because they
realize that science for science’s sake does not have enough general appeal to
secure large financial support. The very same scientists who affirm in academic
circles that they are primarily concerned with eternal truths publicize the
practical potentialities of their work when they testify before congressional
committees. This conflict between the pure science ideal and the exigencies
of democratic processes has profound and unhealthy consequences.®

CONCLUSION

NRC’s 1938 brief to the Rowell-Sirois Commission was a post-mortem on
Canada’s science policy as it had been organized and formulated in 1916
and 1919. Neither the initial function of co-ordination nor the original
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objective of fostering industrial research had been satisfied. The model
proposed in 1919 had not become a reality. But NRC had succeeded in
obtaining its own laboratories and in establishing a good relationship with
the most important Canadian universities through its financial support. This
was undoubtedly the major development that occurred on the scientific
front in Canada between the two world wars.

It appears, however, that when NRC obtained its laboratories the effective-
ness of the council as an overall science policy agency was seriously
weakened. The council could hardly perform its advisory role effectively
when its president was responsible for operating laboratories in competition
with not only government departments but the universities and industry too.

NOTES AND REFERENCES

—

. Mel Thistle, The Inner Ring, The Early History of the National Research Council of
Canada, University of Toronto Press, Toronto 1966, p. 29.

. Thistle, op. cit. p. 159.

Thistle, op. cit. p. 54.

Thistle, op. cit. p. 57.

. Quoted in Thistle, op. cit. p. 294.

. Dr. Tory quoted by Thistle, op. cit. p. 237.

. A. B. Macallum, 1920, quoted by Thistle, op. cit. p. 97.

. A. B. Macallum, 1919, quoted by Thistle, op. cit. p. 77.

. Thistle, op. cit. p. 124.

10. Dr. H. M. Tory, quoted by Thistle, op. cit. p. 252.

11. Ibid. p. 292.

12. S. P. Eagleson, quoted by Thistle, op. cit. p. 253.

13. A. S. Mackenzie, quoted by Thistle, op. cit. p. 107.

14. Dr. H. M. Tory, quoted by Thistle, op. cit. p. 231.

15. Thistle, op. cit. p. 261.

16. Sir George Foster, House of Commons Debates, April 28, 1921, p. 2691, quoted by
Thistle, op. cit. pp. 100-101.

17. A. B. Macallum, quoted by Thistle, op. cit. p. 312.

18. A. B. Macallum, quoted by Thistle, op. cit. p. 68.

19. Thistle, op. cit. p. 332.

20. Thistle, op. cit. p. 397.

21. Thistle, op. cit. p. 331.

22. Thistle, op. cit. p. 333. "

23. The Organization of Research in Canada, submission by the National Research Council
to the Royal Commission on Dominion Provincial Relations, presented by the Hon. W. D.
Euler, Chairman of the Privy Council Committee on Scientific and Industrial Research,
Ottawa, March 19, 1938. Hereafter called: “NRC submission”.

24. NRC Submission, op. cit. p. 3.

25. NRC Submission, op. cit. p

26. NRC Submission, op. cit. p.

27. NRC Submission, op. cit. p. 3.

P
P

VENAULA RN

28. NRC Submission, op. cit.
29. NRC Submission, op. cit. <
30. NRC Submission, op. cit. pp. 21-22.
31. NRC Submission, op. cit. p. 45.

32. Ibid.



. NRC Submission, op. cit. pp. 45-46.

. NRC Submission, op. cit. p. 49.

. NRC Submission, op. cit. p. 23.

. Dr. H. M. Tory, quoted by Thistle, op. cit. p. 403.
. NRC Submission, op. cit. pp. 10-14.

. NRC Submission, op. cit. p. 15.
. René Dubos,Reason Awake: Science for Man, Columbia University Press, New York

1970, p. 233.

53



54

APPENDIX I

The scope of the council’s work is set out in the Research Council Act of 1924,
Sections 6 and 10:

6. The Council shall have charge of all matters affecting scientific and industrial
research in Canada which may be assigned to it by the Committee, and shall also
have the duty of advising the Committee on questions of scientific and technological
methods affecting the expansion of Canadian industries or the utilization of the
natural resources of Canada.

10. Without thereby limiting the general powers of the. Council conferred upon or
vested in it by this Act, it is hereby declared that the Council may exercise the
following powers, namely:—

(c) to undertake in such way as may be deemed advisable:

(i) To promote the utilization of the natural resources of Canada;

(ii) Researches with the object of improving the technical processes and
methods used in the industries of Canada, and of discovering processes
and methods which may promote the expansion of existing or the devel-
opment of new industries;

(iii) Researches with the view of utilizing the waste products of said industries;

(iv) The investigation and determination of standards and methods of measure-
ments, including length, volume, weight, mass, capacity, time, heat, light,
electricity, magnetism and other forms of energy; and the determination
of physical constants and the fundamental properties of matter;

(v) The standardization and certification of the scientific and technical appara-
tus and instruments for the Government service and for use in the indus-
tries of Canada; and the determination of the standards of quality of the
materials used in the construction of public works and of the supplies
used in the various branches of the Government service;

(vi) The investigation and standardization, at the request of any of the indus-
tries of Canada, of the materials which are or may be used in, or of the
products of, the industries making such a request.

(vii) Researches, the object of which is to improve conditions in agricul-
ture; . ..

(d) To have charge of, and direction or supervision over, the researches which may
be undertaken, under conditions to be determined in each case, by or for single
industrial firms, or by such organizations or persons, as may desire to avail
themselves of the facilities offered for this purpose.

(g) Subject to the approval of the Chairman, to publish, from time to time, such
scientific and technical information as the Council may deem necessary.



APPENDIX II

TO J. G. PARMELEE* FROM H. M. TORY, OTTAWA, 16 APRIL 1932

I enclose herewith a memorandum on the laboratory situation, as requested by
you. I have not signed it, as I thought you would put in your own name. I have,
of course, no objection to the Minister knowing that I drafted it.

MEMORANDUM REGARDING LABORATORIES

It is rather difficult to get a reasonable estimate of what laboratories might be
advantageously brought under a common system without having had the privilege
of going over the laboratories in detail, determining exactly the kind of work being
undertaken in them and the amount of time that is devoted to administrative
work outside of such efforts at research as are being made.

Types of Laboratories under the Federal Government

Laboratories under the Federal Government may be divided broadly into two
classes—

A. Laboratories the work of which involves a greater or less amount of
research or which could to advantage be developed definitely along
research lines.

B. Laboratories the work of which is concerned primarily with the adminis-
tration of Acts of Parliament or with testing of a somewhat routine
character.

A. Laboratories the work of which involves research

Of the laboratories of the first sort, the main laboratories outside of agriculture
are the laboratories in the Mines Branch, the Forestry Branch and the Dominion
Observatories in Ottawa and Victoria.

1. The Geological Survey may be considered as being concerned with the
location of mineral resources in Canada, and stands pretty much in a position
by itself, except in the use of geophysical methods of prospecting, which is in the
strictest sense a problem for physicists to solve, as is shown by the fact that the
Geological Survey has been using professors of McGill and Toronto in assisting
them in a solution of this problem.

*Deputy Minister, Department of Trade and Commerce.
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2. The Mines Branch laboratories may be regarded as concerned with the
character of the mineral resources located by the Geological Survey. Here is a
distinctive branch of service which, properly co-ordinated, would be working in
closest liaison with the central research organization. This liaison has been effected
in the United States and in Great Britain, where complete coordination of effort
has been brought about.

3. Under the Mines Branch the Divisions of Ore Dressing and Metallurgy,
Fuels, etc. may be regarded broadly as being concerned with the wtilization of
mineral resources, the Ore Dressing and Metallurgical Division being concerned
more particularly with the winning of metals from the ores. Here again, especially
in relation to the analytical work involved, a close relation and coordination
should be brought about in relation to the National Research Laboratories,
especially in the planning of programs and in interchange of information.

In none of these three instances is it intended to suggest that the personnel
should necessarily be under the control of the Research Council, but coordination
of work to avoid duplication ought to be brought about.

4. With regard to the Forest Products Laboratories, they could be brought into
intimate relationship, preferably, as in England, under the control of the National
Research Council. A considerable part of the work of these laboratories is of a
chemical nature, for example, wood preservation, fireproofing, gluing, wood
utilization; part of the work bears on physics and engineering, for example, timber
testing, strength of materials, etc.; some of it is biological in character, for example,
wood preservation, timber pathology etc.

The National Research Laboratories now have a Chemical Division specially
fitted to undertake all types of chemical work. Its plans could easily be extended
to include varnishes, paints, wood distillation, and the study of wood by-products
generally. The Division of Physics and Engineering will be fully equipped for
testing all sorts of building material, including strength of materials, machines
capable of caring for work now being sent to the United States because of lack
of facilities in Canada. The work of this division could easily be adjusted to care
for all the physics and engineering work of the Forest Products Laboratories. A
similar adjustment could take place with regard to biological problems.

The work of the pulp and paper division is almost entirely research. This
laboratory is at Montreal, and could with great advantage be related to the work
of the Research Council. The Council is already interested in the use of waste
pulping liquor for the manufacture of tanning extracts, and its work on straw has
a direct relation to the problem of making paper and board for agricultural
wastes. The tying of these interests together with common programs would greatly
increase the efficiency of the staffs already at work.

5. The Public Works Laboratories without question would find their natural
home in the National Research building, where essential equipment for doing all
the work they are now doing must be set up to meet the growing demands that



are being made for testing and standardization. Such work would ultimately be
done under a testing division of the National Research Laboratories. A good
deal of work of this nature is already being done under the Division of Physics
and Engineering.

6. In the Department of Trade and Commerce the Electrical Inspection Labora-
tories under Mr. Stiver are being brought into the new laboratories of the National
Research Council. The standardizing work for this branch will be done by the
National Research Council, as authorized under the new Electricity Inspection
Act. The liaison here has been completely established and the plan of cooperation
worked out.

7. Similar arrangements could be made in connection with the Weights and
Measures Branch. Here there is a clear distinction between the standardizing
work, for which the Research Council is responsible under the Research Council
Act, and the administrative work which is done by officers operating under
Mr. Way.

8. So far as research work under the Department of National Defence is con-
cerned, complete coordination has already taken place, and all the work that
could be considered as of a research character is now being turned over to the
National Research Laboratories. It can be stated without fear of contradiction
that not only is more work being done of a real research character than was
possible under the arrangement of a small laboratory directed by the National
Defence authorities, but the work is of higher quality.

9. The Physical Testing Laboratories heretofore conducted by the Department
of the Interior were transferred last year to the National Research Council,
and the work has already been completely absorbed into the Council’s
organization. The old laboratories on Cliff Street are being abandoned, and the
equipment is being set up in the new National Research Laboratories, where
the Division of Physics will give supervision and control.

10. With regard to the Biological Laboratories, complete liaison between the
Biological Board and the National Research Council has never been established.
Most of the researches undertaken by the Biological Division under the Research
Council has been of an agricultural character. The Council has, however, under-
taken the solution of a number of problems of a marine character on request
of interested parties. Pending the completion of the Council’s laboratories, the
work has been done through a department of a university either (a) by subsidizing
the research in the university laboratory; or (b) by providing a scholarship for a
graduate student to work under the direction of a university. The work done in
curing the disease causing the discoloration of canned lobsters is an example.

It has been suggested in the past that the National Research Council and the
Biological Board should have some common membership, for example, that the
Research Council might have representation on the Biological Board and the
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Biological Board on the Research Council for the purpose of completely co-
ordinating the work of the two organizations. The real difficulty has been that
the National Research Council has been working under a permanent executive
while the Biological Board has been under honorary direction, so far as executive
control is concerned. There can be little doubt that a great saving could be affected,

or the amount of work done considerably increased if better coordination were
brought about.

11. The Laboratory of Hygiene, and possibly also the Pharmacological La-
boratory, of the Department of National Health, would enormously benefit by
being in association with the National Research Laboratories where general
biological work is being carried on, even if their workers remained under the
control of their own department.

12. It is believed that the scientific work in the Observatories wou}c} _a!so be
similarly benefited by closer association with the Research Council’s activities, as
their work is almost wholly research.

B. Laboratories Engaged in Analytical Work for the Purpose of Administering
Acts of Parliament

Two outstanding examples under this heading are the Food and Drugs Labora-
tory under the Department of Health and the Laboratory under thg D.epartn.lent
of Customs. There are also a number of special purpose laboratories in various
other departments of Government, especially in the Departments of Agriculture,
Marine and Fisheries. _

The Food and Drugs Laboratory stands by itself. The advantage it ?vould have
by being part of the general laboratory system would be the contact \.mth a group
of scientific workers following similar lines of work. The work of this laboratory
is mainly routine, administering a special Act.

In the National Research Laboratories it has been found absolutely necessary
to have a division of work devoted entirely to testing and chemical analysi§.
Without question the bringing under the control of one body of all the analytic
work done for the Government Services in the various small departmental labora-
tories would be a tremendous advantage. Under highly trained technical officers
much more work could be done by junior men than if left to work in small groups
by themselves . . .

Such a centralization would result in two or three great advantages:
1. It would bring the routine work under the direction and supervision of highly

trained specialists. This could not do otherwise than increase enormously the
efficiency of the service and the quantity of work turned out per person.

2. It would make available to a central body a mass of information which
should be useful for the standardization work of the National Research Council.



3. It would assist in providing information of value in drawing a complete
picture from a technical point of view of the industrial and agricultural activities
in Canada and would without question suggest openings for research.

4. By bringing this routine and semi-routine work in contact with the research
point of view, it would improve its quality and lead to the use, where desirable,
of improved testing methods.

In other words, bringing such laboratories in contact with the research and
standardizing work of the National Research Laboratories would open the door
to many new and important developments.

To bring this about effectively, without question changes in personnel would
in due course have to be considered.

The list of laboratories submitted is not by any means complete, but the
general principle stated above might be considered as applying all round. To
get a final answer as to which ones were suitable to be included in a central
scheme would necessitate a careful and intensive study of the actual work going
on in the laboratories . . .

The National Research Council

Since its inception the Research Council has made it a matter of policy to secure
coordination of effort not only with the Government departments, but as far as
possible to secure the cooperation of all research agencies available in Canada.
No large research enterprise has been undertaken without calling together the
scientific leaders in the country to secure their judgment—

1. As to the wisdom of undertaking the special research;

2. If the research was to be undertaken as to laying down a scheme of
studies in a comprehensive way.

For example before the cereal rust research was undertaken on its present
scale, an international conference of experts was called at Winnipeg . . . The
Department of Agriculture undertook to build and staff the Winnipeg Laboratory
and to devote their efforts to the study of the sources of infection and possible
prevention measures. They also took a part of the plant breeding program for
rust resistant varieties. The University of Manitoba undertook a section of the
plant breeding work. The University of Saskatchewan undertook a plant breeding
program and other scientific aspects of the problem. The University of Alberta
undertook to study the cause of rust infection and the conditions associated with
immunity. The National Research Council undertook to finance the work of the
three universities in so far as additional equipment and routine help was con-
cerned. A permanent committee of management was appointed to guide the
work. This committee meets each year after the work of the year has been con-
cluded to study results and plan new work if necessary.
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THE SECOND WORLD WAR AND ITS AFTERMATH:
A COUNTRY WITHOUT A SCIENCE POLICY

When war broke out, General McNaughton resigned as president of NRC
and was replaced by Dr. C. J. Mackenzie. According to the new president,
there were in 1939 “not more than two dozen” graduate students in applied
science in Canadian universities and “only a few industries did any re-
search.” NRC had a total staff of 300 employees and was operating on an
annual budget of about $900,000. If science and technology were to serve
the Canadian war effort, the only practical solution was to expand NRC
laboratories. As a recent review by the Organization for Economic Co-
operation and Development put it:

Research in private industry for military purposes seemed to be more difficult
in Canada than in other countries. There were few firms engaged in research
and development and their research potentialities were relatively limited.
Thus, it is not surprising that in the face of such enormous demands the
government itself should have sought to create the necessary research centres.’

Within months after the start of the war NRC'’s staff had expanded to almost
2,000 and its yearly budget was close to $7,000,000.

During the war NRC established 21 laboratories, some of them large
permanent installations, and it is claimed that “by the end of the war the
National Research Council actually had more buildings than it had scientists
in 1939.”® In the words of Dr. Mackenzie, it was an organization six to ten
times larger than before the war and immeasurably more effective.

It took some time to develop, of course. As Canada was not as well
endowed with research and industrial resources suitable for weapon develop-
ment as Britain or the United States, “the belittling idea was even advanced
that Canada could most usefully serve the common cause by sending a few
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of her top-ranking engineers and scientists to lend Britain a hand in the
laboratories of the United Kingdom.™

Instead Canada chose to expand the NRC laboratories dramatically and
to encourage Canadian scientists to participate actively in the domestic
research war effort.

The decision-making process during the war seems to have been simplicity
itself. Dr. Mackenzie, the war-time president of NRC, tells how, at the
beginning of the war, Canada decided to co-operate with Britain in nuclear
research:

It was surprisingly easy. In those days the NRC reported to C.D. Howe.
C.D. was a particular friend of mine. We all went to C.D.’s office and dis-
cussed the idea with him. I remember he sat there and listened to the
whole thing, then he turned to me and said:

“What do you think?” I told him I thought it was a sound idea, then he
nodded a couple of times and said, “Okay, let’s go!”™

With every respect to the two men involved, this type of decision making is
highly questionable. One is immediately reminded of Lord Snow’s conclusion,
based on wartime experience in Britain of Churchill’s chief scientific advisor,
that no scientist should be given the power to make such overwhelming de-
cisions:

...the obvious dangers outweigh the vestigial possibility of good. That is

fairly clear, we ought not to give any single scientist the power of choice
that Lindemann had.’

How ironic that, although NRC originally requested laboratories of its own
to benefit the long-term development of civil industry, it was only during the
war that it obtained a sizeable laboratory complex. And this large expansion
was justified because the research facilities of industry, which the Council
had intended to strengthen in 1919, were too weak and inadequate in 1939
to meet the requirements of the war effort.

The approach was very different in the United States where it was decided
at the outset that the government would not build laboratories or engage
directly in research of its own but would contract out the work to the univer-
sity or industrial firm best fitted to conduct the work. In June 1941 the
President established the Office of Scientific Research and Development
(OSRD). Thus research and development were united in a phrase that was to
become standard American terminology. The process of contract research had
been developing for some time in the United States, but its widespread and

successful use during the war made it a standard instrument of the U.S.
government.



MOMENTS OF GREAT DECISION

During the war Canadian scientists worked closely with the scientists of
Great Britain and the United States, and thus entered the post-war era fresh
from the front lines of new science and technology and looking forward to
the peaceful use of such advances as microwave techniques, the aircraft jet
engine, nuclear power, and the digital computer. While Europe lay ravaged,
Canada not only had her full storehouse of natural resources but expected
to build a more mature industrial society on the base of the new technolog-
ically intensive industries. There was also a conviction that the design and
development of advanced military equipment would enhance the technolog-
ical abilities of Canadian industry. .

From 1945 to 1960, important new organizations related to science and
technology were established and new major R&D programs were initiated.
In 1944 Eldorado Mining and Refining Limited was founded as a crown
company for the important task of mining and refining uranium ore and for
the production of nuclear fuels. Central Mortgage and Housing Limited
was established in 1945; one of its functions was to fund research in the field
of housing. The Atomic Energy Control Board was formed in 1946 for the
regulation and control of atomic energy in Canada. In 1947 NRC founded
a subsidiary, Canadian Patents and Development Limited, mainly to make
NRC’s inventions available to industry. In the same year the Defence Re-
search Board came into being. NRC’s nuclear research group was reconsti-
tuted in 1952 when the crown corporation Atomic Energy of Canada Limited
was founded, and one of its major goals was the development of economic
nuclear power for Canada. The Canada Council was constituted in 1957.
The government, at least, obviously expected research to provide answers to
many of the new problems of the post-war world.

During that period, there was no substantial change in the central ma-
chinery for overall science policy. According to the Massey Commission, the
Privy Council Committee on Scientific and Industrial Research set up in
1916 had been reduced to “a yearly review of National Research Council
estimates”.” According to the Glassco Commission, in 1947 “its duties were
amended to provide that it should scrutinize all the new proposals of a
scientific nature before final authorization by the appropriate authorities.
This proved unworkable and the Committee now [1963] considers only
major developments or new projects involving important changes in policy
or expenditure.”® Such developments, if one were to judge only by the com-
mittee’s activities, were infrequent, because, according to Glassco, it did
not meet once between 1950 and 1958.
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In 1949 a new body, the Advisory Panel for Scientific Policy, was formed
to advise the Privy Council committee on the formulation and conduct of
government scientific policies. Its membership was to consist of 13 deputy
ministers or deputy heads from departments or agencies with scientific
responsibilities, together with the Clerk of the Privy Council and the Secre-
tary of the Treasury Board. The president of NRC was to be ex-officio the
chairman.’ In 1963 the Glassco Commission reported:

The Advisory Panel met formally fourteen times in its first ten years of
existence and has since been convened only infrequently. Proposals for new
scientific programmes have usually reached Cabinet on the recommendation
of individual Ministers, via the Treasury Board, with support provided in
some cases by interdepartmental committees or recommendations from scien-
tific and industrial groups outside the government. The Treasury Board has
itself provided the principal review.'

The OECD review of Canada’s science policy in 1969 commented that
the advisory panel “rarely meets; its members have heavy responsibilities
in their respective departments. According to some government observers
moreover, the composition of the Panel did not guarantee a high-level of
capability in matters of science.”*

Thus, during the post-war years, the science policy machinery appeared
to be not more effective than it had been half a century earlier, even though
Canada was enthusiastically propelling itself into the age of the new scien-
tific and technological revolution. In 1939, expenditures devoted to R&D
activities by the Canadian government were estimated at $5 million. In
1959, they exceeded $200 million. Canada was rapidly building her na-
tional science effort without a coherent policy.

TWO NEW VERSIONS OF NRC'S 1919 MODEL

Although the model and strategy for science and technology presented by
NRC to the Cronyn Committee in 1919 had obviously failed, two new ver-
sions of the original plan were submitted after World War 11, by the Royal
Commission on National Development in the Arts, Letters and Sciences (the
Massey Commission) in 1951 and by Dr. E. W. R. Steacie in a number of
public statements between 1952 and 1962, when he was president of NRC.

The Massey Commission put its main emphasis on the arts, the humanities,
and the social sciences. It found that these areas were poorly nourished and
recommended the creation of the Canada Council, which was established



six years later. But the report'? also dealt with research and other issues
of science policy. It does not leave the reader wondering which type of
research is most important or where it should be conducted:

It has...been pointed out to us repeatedly that fundamental research in
science makes an essential contribution to our intellectual development and
to our understanding of every aspect of modern life, and that without
fundamental research there can be no proper teaching of science, no scien-
tific workers and no applied science. . .

In Canada, fundamental research is centred in the universities, traditionally
and appropriately . . . Although universities do undertake work in basic and
applied research, it is their policy to devote themselves mainly to pure or
fundamental research. It is generally agreed that this is their proper function
and that fundamental research should be left largely to them ... Govern-
mental laboratories with all their advantages cannot reproduce this special
atmosphere . . ."*

Since all scientific work depends on fundamental research, since fundamental
research is properly carried on chiefly in the universities, and since univer-
sities state that they are increasingly hampered by lack of funds, the need
for extending immediate and adequate financial assistance to them is generally
accepted.'

The report’s view of industrial research follows the tradition established in
1916—which in fact continues to the present day:

In most modern countries, industry makes very important contributions to
this kind of scientific work [research in applied science]. In Canada,
however, although there is an increasing awareness of its importance,
industrial research lags behind the general development of industry. This
may be partly accounted for by the very rapid process of industrialization
which has hardly left time for long-range planning. The most important
cause of the deficiency however, is that so many Canadian firms are
branches of British or of American companies.'®

Although industrial research was considered to be weak, the Massey Com-
mission did not propose greater university/industry co-operation as a solu-
tion. Instead it warned the universities to be wary of industry, and its stric-
ture also applied to government laboratories requested to conduct work for
industry:

In government laboratories, men fitted and trained for serious research may
have to spend much time on routine experiment, demonstration and extension
work. These are essential services but they could be performed as well by
others. In the universities, the problem is even more serious. Not only com-
mercial firms but even government agencies offer grants for applied research
which cannot be expected to add in any way to the knowledge of scientific
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principles. Occasionally private donors offering research grants require that
research projects be approved by them. University authorities generally agree
with scientists that these gifts should be steadily refused...'

Here again, concern was expressed about the poor state of industrial research,
but no government measure was proposed to promote and support it.

As were ministers in the 1920s and 1930s, the Commission was worried
about the lack of co-ordination. It referred to proposals for removing the
laboratories from NRC:

The suggestion has been made that the National Research Council should
be relieved of all direct administrative responsibility for the laboratories now
under its control, and restored to what is conceived to have been its original
advisory function. Applied research, it is agreed, must and should be decen-
tralized. In the opinion of some it is highly desirable that a responsible body
(for example, the National Research Council) should be charged with the
duty of advising on general policy, of centralizing the interests of the
Federal Government in fundamental and basic research, and of maintaining
close relations with provincial and industrial research organizations. Such
a body would also be especially concerned with continuing and extending
the aid now given by the Federal Government to universities for funda-
mental research.”

Noting NRC’s original mandate to “co-ordinate competing [research] inter-
ests”, the report explains its failure in this way:

It was prevented from doing so for some years for various reasons; and the
government agencies interested in research (agriculture, fisheries, mining and
defence) gradually developed their own laboratories. Later the Council was
increasingly preoccupied with its own laboratories.™

The Massey Commission took note of the existing co-ordination machinery,
the Privy Council committee and its newly appointed scientific advisory
panel, but without obvious satisfaction. The report states that “there are
those who think that the time has now come for a further step. They point
out that the Advisory Panel can give only limited and fragmentary advice,
whereas what is needed is a source of advice on broad scientific policy, and
an impartial arbiter to co-ordinate competing interests”.!® This was a sound
diagnosis. But the commission’s prescription was perhaps not strong enough.

Problems of duplication may not yet be serious and there is now much
co-operation, but we are of the opinion that the increasing number and
complexity of these activities may make necessary in the future some
centralized controlling agency. We do not think that a detailed recommenda-



tion on this matter would be warranted by our Terms of Reference, but
we do consider that an investigation of this problem should be made in the
near future by suitable persons. We therefore recommend:

(a) That under the direction of the Privy Council Committee on Scientific
and Industrial Research a study be made as soon as possible of all
research activities of the Federal Government with a view to their
adequate coordination, the avoidance of any wasteful duplication, and
the maximum co-operation that may be possible.”

This recommendation was ignored by the government since the Privy
Council committee did not even meet in the 1950s. As before, co-ordination
remained the forgotten function.

In the absence of any overall science policy or effective central machinery
to formulate and implement it, the orientation and development of govern-
ment science activities were left largely to the scientists themselves, a system
which has since been described as the “Republic of Science” 2t

In Canada at that time, this Republic of Science was headed by the inter-
nationally known and greatly respected scientist Dr. E. W. R. Steacie. He was
president of the National Research Council and chairman of the Advisory
Panel for Scientific Policy. Dr. Steacie was a skilled and noted researcher in
fundamental science, who spent considerable effort to preserve the integrity
and freedom of fundamental science and took effective steps to promote
its development. He was concerned about the possible conflict between
science and technology and worried that science’s importance might be di-
minished by the glamour and utility of technology.

Dr. Steacie was faithful to his predecessors but probably more articulate
and straightforward. He defined NRC’s functions as follows:

The Council has rather complex responsibilities. We are, in effect, five things
at the same time. The first is a government laboratory with certain narrowly
defined specific duties: this is a minor part of our work. Secondly, we are
in many respects a foundation with purposes almost identical with those of
the Canada Council. In the third place, we are an industrial research
laboratory similar in many ways to places like the Mellon Institute, or to
the laboratories of major industrial firms. Fourth, we are a research institu-
tion much more like the Rockefeller Institute or a university laboratory
than a government department. And finally, we have many of the functions
of a national academy, functions similar to those exercised in Britain by
the Royal Society of London or in the United States by the National Academy

of Sciences.”

It is difficult to imagine how one council and one administrative unit could
effectively cope with these five important and very different functions. As a
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distinguished pure scientist, Dr. Steacie solved this difficulty by assuming

in practice that NRC was mainly a university laboratory of basic research.
He said:

Decentralization has been accomplished because of two main factors. The
first of these is the development of an administration whose main function
is the protection of the scientist to the greatest possible extent from the red
tape inevitable in government operations. The second factor has been the far-
sighted attitudes of successive governments in leaving the Council free of
many hampering restrictions.”

Scientists and engineers had to be made responsible to other scientists and
engineers; they had to be safe from administrators:

The fundamental feature of the administration of the Research Council ...
is to make sure that the administration can never issue any instruction to
scientists in connection with any technical subject whatever. ...I think that
the organization is almost unique from the point of view of scientific
organizations, and I might say that almost every government laboratory in
the world is trying to copy it.*

NRC'’s president stressed the importance and prestige of fundamental research
or applied research of a long-term nature:

In my view, at least as far as the National Research Council is concerned,
long-term investigations, fundamental or applied research, must constitute
the major effort of the Laboratories if they are to keep the scientific reputation
they have earned....In general the government laboratory is interested in
keeping the problems as long-range as possible.”

Dr. Steacie was impatient with any suggestion relating to the organization,
co-ordination, or planning of science, but it must be remembered that al-
though his organization, the NRC, and the advisory panel he chaired were
not restricted to the consideration of fundamental science, by his own interest
and background he himself was deeply committed to this aspect of science.
Talk about the new approach of “co-ordinated research programs” brought
from him the rejoinder that “vast ‘co-ordinated’ efforts are being made, with
the inevitable attendant inefficiency. Even the fundamental workers at uni-
versities are being steadily sucked into this.”*® He advocated that one should
“regard ‘co-ordination’ as a dirty word!” and said “I think planning, like
security, should be regarded as an evil, even if it is an essential evil.”?"
He did, however, distinguish in this aversion between pure science and
development: “. . . Ideally, because pure science has no specific end in view,
there should be as close to no organization and planning as is humanly



possible. Because development has specific aims however, a development
programme should necessarily be highly organized.”2s

He did not accept the idea, born during World War II, that team work
was effective in research: “There is a popular view that the day of individual
accomplishment is past. I don’t believe a word of it . . . A university pro-
fessor and a few students . . . in my mind, is the ideal team” 2°

Dr. Steacie also turned his attention to the state of industrial research and,
like everyone before him, found it in a weakened and backward condition.
It was behind in time: “. . . the development of industria] research in Canada
is following the general pattern of development in the United States, but
one war behind.”® He noted the fact that Canada had no large semi-public
applied science institutions such as the Mellon Institute, nor large private
industrial laboratories like DuPont and General Electric in the United
States. He believed that because of the size of the country we would not
have such institutions for the foreseeable future. (Eleven years later, the
Northern Electrical Co. reported to the Senate Committee that they conducted
R&D work in their laboratories of the same order of magnitude as all of
NRC’s current in-house research.) Dr. Steacie’s gloomy forecast led to only
one conclusion if Canada wanted to avoid “scientific colonialism”.

It therefore seems essential that such large-scale laboratories be maintained
and operated by the federal and provincial governments . .. Such laboratories
need to be free to follow their own inclinations. This means that the job can
be done much better by an institution with government support. No institu-
tion can do research of high quality unless it can devote a considerable
share of its effort to problems of its own choosing.”

Here once again is the suggestion, first made after World War I, that govern-
ment research should support industry. Today one would have to question
how effectively research for industry could be carried on outside the environ-
ment of the marketing/design/production function, considering that re-
search is just one aspect of innovation. And the industrial process must in-
evitably put some boundaries on the scientists’ freedom to follow their own
inclinations.

Dr. Steacie believed that graduate science research should be increased
in Canadian universities and the NRC steadily increased its supporting funds
in this direction. He never lost his protective love for the freedom of science
and stated that “The chief reason why the university is the ideal place for
scientific work . . . is that the work is uncommitted. The university man is
free to proceed in any direction which he sees fit, and should not be in any
way influenced by practical considerations.”**
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There was, he saw, a danger in training graduates so as to make it easy
for them to work in industry:

Certainly, because most graduates will take their place in industry, there is
a responsibility not to ignore the needs of industry. A direct responsibility
to produce the kind of graduate industry wants would, however, be a degrada-
tion of the university to the level of a vocational school.®

and

There is no reason why an engineering student should ever have seen a plant
or a mine before he graduates. “Practical” knowledge can be acquired on
the job and is certainly not a proper part of a university education.”

Very few people even today would question Dr. Steacie’s views if he had been
in charge of a laboratory engaged only in fundamental research. He was an
eloquent and sincere spokesman for the Republic of Science. But he also
had responsibility for an industrial laboratory complex and for advising the
Privy Council committee on the whole spectrum of mission-oriented research
and development, both as NRC president and as chairman of the Advisory
Panel for Scientific Policy.

Between 1919 and 1962, the conventional wisdom of government science
advisors remained remarkably identical. Universities had to remain remote
from industrial needs and to concentrate on basic science. Canadian industry
was unable for a variety of reasons to carry on R&D activities of good
quality. Government laboratories had to be maintained and expanded to
provide employment opportunities for Canadian scientists graduating from
universities and to concentrate on “long-term investigations” of their “own
choosing” in the hope that industry would pull itself up and develop the wit
and the ability to utilize their long-range science output.

The basic assumption throughout that period was that free and funda-
mental research was the initial and indispensable step in the production of
new technology and innovation. Today this assumption has proven to be
invalid. It has been shown, as we have indicated in Chapter 1, that technolo-
gical change and innovation can be quite independent of scientific progress
over long intervals of time. It has also become apparent that engineering
cannot be viewed as a branch of applied science. One of the many experts
to reach this conclusion is Dr. Julius Stratton, a noted physicist and one-
time president of Massachusetts Institute of Technology:

... While it is quite clear that the bonds between engineering and science
are growing tighter, we could make no more disastrous error than to attempt
to recreate the engineer in the image of the scientist. The engineer is as



concerned with means as with use and purpose, with ideas of design, cost
and reliability that are largely alien to the scientist. So much has been made
recently of the need for more mathematics and physics that we are in danger
of losing sight of the problem that remains, in fact the most difficult in
engineering education: how to balance theory with experiment, how to
couple purpose and action with theoretical competence, and how to develop
an appreciation of the empirical judgments that so often determine design.®

In the absence of empirical studies of these relationships during the postwar
period in Canada, the fundamental assumption of conventional wisdom was
unchallenged. The application of NRC’s model is illustrated by the evolution
of the council’s budget from 1952 to 1962, the years of Dr. Steacie’s presi-
dency. According to Thistle, the council’s expenditures on university support
increased tenfold; $36 million was expended on additional NRC laboratories,
and the operating expenditures of these laboratories rose threefold. NRC’s
support for industry began in 1962 when half a million dollars was provided
for research performed by the private sector.

The other important aspect of the conventional wisdom was its lack of
confidence in the capacity of Canadian industry to carry out adequate R&D
activities because of its short-term views, or because of the importance of
foreign ownership, or because of the small size of the Canadian market. Dr.
Steacie had noted that industrial research in Canada in 1960 was at the level
of Canadian university research in the 1930s. Little had been done by the
Canadian government during and immediately after World War II to correct
the situation. In those same years, as indicated earlier, the American govern-
ment had contracted out its major R&D programs to private firms.

THE CRUCIAL FIFTIES: NRC'S MODEL AND
CANADIAN SELF-SUFFICIENCY

It is necessary to keep in mind the official doctrine and strategy for science
and technology just described to understand the crucial events of the ’50s.
It is also important to note that the main Canadian spokesmen of the Republic
of Science had acquired a great deal of confidence during the war and had
come to the conclusion that Canada should try to be self-sufficient as the
new scientific revolution emerged.

These were the main elements of the atmosphere prevailing in Canada
when the government decided to promote major innovation programs in-
volving high technology. There was no highly developed industrial infra-
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structure to support these programs, but it was claimed that “spin-off” from
the programs would help solve that problem. These aspirations were fed by
a desire to consolidate our sense of equality with Britain and the United
States and by the myth of invincible research based, as Donald Schon has
pointed out, on wartime experience with nuclear weapons:

The Manhattan Project was the great model of the research enterprise.
What the Manhattan Project said was that if you take a great doctor and
surround him with scientists in a laboratory, and if you have a clear-cut
objective and pour essentially unlimited amounts of money into that system,
you can do anything.*

That myth was accepted by many nations. Eventually their gullibility led
to great disenchantment with research. In Britain, two decades after this
original euphoria, a Minister of Technology wrote: “The lobbyists for glam-
orous programmes of scientific research will in future have to prove their
merit against the claim of others seeking to solve more mundane problems . . .
The era of technomania is passing.”®” In 1970 the French Minister of In-
dustry and Scentific Research reflected on some of France’s large, prestigious
high-technology projects, including the Concorde and the development of a
French line of nuclear power reactors, labelled them expressions of national
amour propre, and cautioned that science and technology might better have
been directed at more mundane matters.*® But in the early '50s the promise
of the national prestige and a technical capability equal to the ‘super powers’
was irresistible, and high technology entered the world of the fabulous.

It is interesting to review some of the major programs that were undertaken
during that period, inspired by the traditional doctrine and strategy of the
conventional wisdom and animated by its new aspiration for Canadian
self-sufficiency. Nuclear energy and military aircraft have been selected
because they were the two major initiatives taken by the government in
the ’50s; the computer technology was on a smaller scale but demonstrates
much the same lessons. The purpose of this review is to profit from the
lessons of the past and to show what can happen in the absence of a
realistic strategy for science and technology and of an effective central
machinery to enforce it.

1. The Canadian nuclear energy program

It was at the beginning of the 1950s that Canada set its strategy for nuclear
power, one of the most important science policy decisions ever made in



Canada. Dr. C. J. Mackenzie has said that “those of us who carried some
responsibility in such matters felt that Canada had, for the first time in her
history, an opportunity to ‘get in on the ground floor’ of a great new tech-
nological advance, an opportunity that must not be lost.”*®

In January 1951 Dr. Mackenzie began a series of discussions with the
Hydro-Electric Power Commission of Ontario that proved very fruitful. Not
only were the Ontario Hydro officials receptive and enthusiastic but the talks
resulted in an active collaboration. In 1952, the main responsibility for the
Canadian R&D nuclear program and the staff involved were transferred from
NRC to a new crown agency, Atomic Energy of Canada Limited. In June
1953 AECL and Ontario Hydro held a long day’s meeting at Chalk River
and decided to go ahead with a nuclear power project. Ontario Hydro was
to initiate the power station and the crown corporation was to assist them.*
Early in 1954 AECL established a nuclear power branch at Chalk River. In
June 1956 it was still staffed by only nine engineers. Most of them came from
Canadian companies interested in the development of nuclear power; only
two, provided part-time by AECL, had previous experience with nuclear
plants.*!

The engineers had embarked on a three-stage program in 1953. The first
stage was training. They spent the better part of seven months reading about
the design of nuclear plants.: “While numerous types were studied on a
qualitative basis only, most of the effort during the instruction stage was
directed specifically toward an understanding of the heavy water moderated
natural uranium reactors—the type on which AECL has specialized,”? in
the words of an AECL statement in 1956.

In the second stage the engineers made preliminary designs for a small
nuclear plant. “The scope of the work was . . . limited by restricting the
design to the heavy-water moderated type of reactor, fueled with natural
uranium . . . Before a physical design could be undertaken, it was necessary
to develop an outline specification with supporting data, where practicable,
and with quantitative reasons where the necessary data were lacking . . .
This was accomplished essentially by pooling design suggestions from the
various engineers of the Branch, assessing this on a semi-quantitative basis
and selecting those ideas which were favoured by the majority of the group.™*

The third stage, at that time still in progress, was the preliminary design
of a plant large enough to be useful to an electrical utility.

Two main factors determined the Canadian choice of a reactor using
natural uranium and heavy water. First, this type of reactor was in line
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with previous work done at Chalk River by Canadian scientists. Dr. W. B.
Lewis of AECL commented on Canada’s choice at a 1959 symposium:

In 1953 when we gathered the engineers under Harold Smith to undertake
the preliminary design of the first power reactor plant, it is not surprising
that this was a natural uranium, heavy water plant like that envisaged in
1951 ... Given the background of Chalk River, it is no discredit to those
engineers that the essentials of their design appear natural.“

Second, there was also the consideration that Canada should be self-suf-
ficient and that it would be too expensive to produce our own enriched
uranium. In a paper presented in 1960, H. A. Smith and J. S. Foster com-
pared the relative merits of a British graphite-moderated gas-cooled reactor,
American light-water reactors utilizing enriched uranium, and the CANDU
(Canadian Deuterium-Uranium) reactor. After discussing the respective
power costs they introduced another, non-technical consideration about the
American reactors:

However, perhaps the most serious deterrent to the use of this type of plant
in the Ontario Hydro system is the requirement for enriched fuel. This
imposes dependence upon a relatively few alternative production facilities
and requires an important component of fuel manufacture to be performed
outside the country. Furthermore, although it may not preclude the use of
uranium from domestic ores, the requirement for enriched fuel implies,
at the very least, special arrangements to ensure its use.”

In retrospect, these two considerations do not seem to have been as well
founded as they appeared in the ’50s. Other countries, notably West Ger-
many and Sweden, have negotiated “special arrangements” with the United
States for the supply of enriched uranium. And Canada has so far had to
rely exclusively on others for the supply of heavy water.

The know-how acquired at Chalk River was greatly over-estimated. It
was necessary to invite British physicists to join the Canadian team. Much
more important, there was an astonishing shortage of skilled technologists
and designers available for a project in what is probably the most taxing
area of high technology. Only two members of a somewhat transient group
had experience with nuclear plants and those were on a part-time basis.

This crucial gap which is obvious to us today was not too important
to the conventional wisdom of the time. Dr. Steacie had stated in 1956
that “‘practical’ knowledge can be acquired on the job.” It soon became
apparent, however, that basic science and fundamental research were not
enough to build good reactors and that the two worlds of science and tech-



nology were indeed different. Learning on the job proved to be a long and
costly process.

Dr. J. L. Gray of AECL wrote a paper, Canadian Industry and Atomic
Energy, presented to the House of Commons committee on research®® in
June 1956, that stressed the difficulties involved:

One of the major hurdles to early economic nuclear power is the applied
engineering required in the design and fabrication of reactors and reactor
equipment. Economic nuclear plants can be specified now, but until many
of the technical fabrication problems are solved, they cannot be built within
the limit of funds that keeps them economic...The only logical approach
to the combined problem of putting Canada in its proper position in the new
field of nuclear engineering and of getting reactors and their equipment
designed and manufactured is to encourage industrial participation, and
this the Company is doing, but with considerable difficulty.

The difficulties Dr. Gray mentioned were based on AECL’s judgment about
industry’s ability to support a nuclear power program. He said: “The Com-
pany, and the Canadian reactor designer, is finding the greatest difficulty
in bridging the gap between proven research results and the production of
operating equipment at a reasonable cost.”

Dr. Gray said that designers in Canadian industry lacked the necessary
experience and could not find solutions to new problems in existing hand-
books:

This is where Canadian industry falls short. The problems are beyond the
normal industrial design office and can only be answered by actually building
and testing equipment in an orderly fashion and by employing an experienced
development group...Lack of fabrication experience cannot be clearly
separated from lack of general engineering development resources and
experience. One manufacturer, for instance, was asked to make some very
accurate and somewhat complex parts for the fuel-changing mechanism for
NRU. He had a suitable plant, capable of the accuracy required, but he
clearly did not know how to use it to ensure success. Another manufacturer
to whom this work was transferred had had the experience at someone
else’s expense and achieved the desired results without undue difficulty.
This happy result is a more or less isolated case, and development of
expensive trial and error has been the rule. The lamentable fact that comes
out of the NRU experience is that the potential education, which has been
a very expensive by-product of the project, may have been lost to industry.
By trial and error methods on the shop floor—and at no higher level—
various individuals have learned some new techniques.”

This bleak picture painted by Dr. Gray related to the construction of the
NRU reactor, which was developed and designed at Chalk River and
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originally planned to be used almost exclusively for the production of plu-
tonium.

In spite of these serious difficulties, by the end of 1954 firm decisions had
been reached for a “nuclear power demonstration” reactor (it became the
NPD reactor at Rolphton), which was to be used as a prototype for the con-
struction of a large commercial plant, the future CANDU reactor at Douglas
Point. Up to that point AECL’s strategy, as described by its president,
W. J. Bennett, in his annual report for 1953-54, seemed logical and con-
sistent, despite the risks involved:

While the design, construction and successful operation of NRX reactor and
the design of the NRU reactor have demonstrated the capacity of the
establishment [Chalk River] to apply the results of the research programme,
the design and construction of an economic power reactor presents a new
challenge. It is now clear that if this challenge is to be met successfully,
the design and development resources of Canadian industry must be used
to the fullest extent.”

Thus, in 1954, the strategy was clear. A demonstration reactor would be
designed and developed by private industry to prepare it for similar work on
larger commercial plants. Canadian General Electric Company was selected
from seven Canadian manufacturers. The company experienced technical
difficulties, as did all others in the world involved with this new and compli-
cated technology. It is generally recognized, however, that it performed
efficiently and that it had constituted an experienced team of technologists
and designers when the construction of the NPD reactor was completed.

In February 1958 the Nuclear Power Plant Division of AECL was estab-
lished in Toronto. It was given the responsibility of over-seeing the con-
struction of the NPD reactor at Rolphton and the “design and development
of the large power station which at that time was called CANDU”.*® In June
1959 the Honourable Gordon Churchill announced that the cabinet had
approved the construction of the 200-megawatt reactor at Douglas Point.*

These developments meant a complete reversal in the strategy described
by AECL’s former president, W. J. Bennett. Indeed, it was decided to auth-
orize the construction of CANDU before its prototype had been completed
and “not to wait”, in Dr. Gray’s own words, “until the development phase
on CANDU had been completed”.* This hasty decision was apparently based
on Ontario Hydro’s urgent need for power.

It was also decided that AECL’s new Nuclear Power Plant Division would
be responsible for the design and development of the large station. This
meant that this type of work was withdrawn from private industry and that



AECL would have to assemble a new team of designers and technologists to
develop a big commercial project while the more experienced team established
by Canadian General Electric continued to work on a small experimental re-
actor. This other decision was apparently also imposed by Ontario Hydro,
which did not wish to deal with a private company that had been granted
a monopoly when the time came to build its own reactors.

In June 1960, Dr. Gray stated to the House Committee on Research:

It [CANDU] is scheduled for completion in mid-1964 with full operation
later in that year. AECL will own the complete station...When the plant
has demonstrated that it can be successfully operated in the Ontario Hydro
system—estimated at three years—Hydro is committed to purchase the
complete station at a price that will allow them to continue generation
at the same cost as though they were operating a modern coalfired plant.”

Today the Douglas Point reactor is still owned by AECL. At the end of 1969
the reliability of total plant performance at Douglas Point had still not been
satisfactorily established. All those directly concerned with the nuclear power
program were disappointed with the operation of the reactor, although it
was supposed to be in “full operation” at the end of 1964. The complaint
still was that a complex system was being introduced by a new design
organization, using inexperienced suppliers and construction forces and
operating with crews with limited experience on a much smaller and less
complicated plant. Other power reactors in the western world have also
experienced difficulties, but this is little consolation to Canadians.

The process of learning on the job envisaged by Dr. Steacie does not seem
to have worked very effectively in the sector of nuclear energy. It began on
a basis of trial and error early in the 1950s, and almost 20 years later it was
still unfinished. Moreover, the involvement of private industry in the
Canadian nuclear energy program, which was seen as a necessity in 1954 by
the then president of AECL, W. J. Bennett, has not been too successful. In
its 1970 annual report, the Science Council stated:

The critical importance of involving industry in the program still remains
but no satisfactory solution seems to be in sight.”

And after mentioning some of the underlying causes of this problem, the
report continued:

Canada’s objective should continue to be the creation of a competitive
and independent nuclear industry. However, there is little likelihood of such
an industry emerging in the immediate future.”
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Most other countries in the world do not seem to have Canada’s patience
and aspirations. They negotiate special arrangements with the United States
or they seek to be interdependent.

This long but incomplete historical review of a major R&D program in-
volving high technology is not intended to pass judgment on the current or
future potentialities of Canada’s involvement in nuclear energy. The Senate
Committee shares the hope of AECL’s president, Dr. Gray, that the Canadian
program will soon be a complete success. In presenting this historical back-
ground, it only wished to show that the conventional wisdom prevailing in
Canada in the *50s was wrong in neglecting technology and design and that
an effective and impartial central machinery for science and technology with
a clear view of the objective to be achieved and of the strategy to be used
could have provided useful guidance and assistance to AECL during those
difficult years.

Instead, according to Dr. Gray, the Privy Council Committee on Scientific
and Industrial Research never met to discuss AECL’s plans. Highly com-
petent scientists had to devote their time and energy to problems of tech-
nology, design, and industrial management. It appears to outsiders that in
the absence of proper federal mechanisms Ontario Hydro ultimately exer-
cised the responsibility for defining the objective and the strategy of the
Canadian nuclear program, while AECL was assuming the technical and
financial risks involved in this complicated venture.

In the related field of heavy water production, which did not involve
AECL directly, a serious and costly mistake was made when a proposal based
on unproven technology was accepted. We do not propose to describe it here,
although it shows that originality should always be carefully scrutinized
before being accepted.

2. Military aircraft development

Just before the decade of the *50s Dr. Omond M. Solandt, then chairman of
the Defence Research Board, announced that “Canada has embarked upon
the largest peacetime defence program in its history.”® Behind this decision
was the desire to be independent of other countries—in the same way as the
nuclear power people desired to be independent of foreign sources of en-
riched uranium. The desire for an independent source of arms came largely
from World War II experience, but there were other considerations. One was
that the design, development, and production of modern weapons has a spin-
off that raises the whole technological and economical level of a nation. This
view was stated by Air Marshall Curtis in the last days of the Arrow: “Doing



this work in Canada has and is giving employment to thousands of Cana-
dians. ... Money spent in Canada helps our industrial growth. ... It pro-
vides opportunities for thousands of young engineers who used to have to go
elsewhere to make their careers.... It has. .. increased the level of our
technological know-how and capability in the fields of metallurgy and
power.”%¢

The weapons, aircraft, and aircraft engine programs of the ’50s were
ambitious, costly, and in some cases a traumatic experience for those parti-
cipating in them. A quick look at some of the major projects recalls the spirit
of those days. Here again, our intent is to show that they were fit subjects
for an overall science policy review. One vital function of such an impartial
review is to put unrealistic ambitions into perspective and, more importantly,
to ensure that glamorous projects are not actually initiated until all their
implications are fully explored, their market established, their feasibility
assessed. Nothing could cause the public, its Parliament, and its government
to become disenchanted with science and technology faster than the launch-
ing of a series of unrealizable technological dreams.

One such example is Avro’s Project Y or “flying saucer” aircraft. In 1953
London’s News Chronicle exclaimed: “Flying Saucer? This Could be IT”
and quoted Air Vice-Marshall D. M. Smith, RCAF, as saying, “We are giving
preliminary consideration to a project of this nature.”®” The Times of London
reported a Canadian design for a 1500-mile-per-hour “flying saucer” that
was “so revolutionary that when it flies all other types of supersonic aircraft
will become obsolete.” This was the beginning of a project that finished,
many years later, as the much more mundane subsonic “Avro Car” built for
study under a U.S. Army contract.

In 1950 it was decided that Canada would design, develop, and manu-
facture an air-to-air guided missile called the “Velvet Glove” and the De-
fence Research Board’s CARDE unit at Valcartier began its design. It had
been hoped that this weapen would be used on the RCAF’s CF-100 jet inter-
ceptors. In July 1956, the Minister of National Defence told the House of
Commons that the project was cancelled and that the U.S. Sparrow missile
would be used instead. The cost of the Velvet Glove program had been $24
million, but the minister pointed out that this sum had not only helped train
some 400 scientists and technicians, but that three or four plants and their
several hundred staff could immediately start manufacturing the Sparrow
missile. During the next year, 1957, the press wondered whether the govern-
ment was in turn abandoning the Sparrow.*® In September 1958 the Minister
of National Defence announced that the government was cancelling the
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special flight and fire power control system for the CF-105 and the Sparrow
air-to-air missile. By then some 2,000 were employed on these projects in
three Canadian firms.*® The Prime Minister announced that the purchase of
a fire control system and weapon already in production in the U.S.A. would
bring about a saving of $33 million in the completed program of 100 air-
craft.

The Velvet Glove air-to-air missile was the largest project DRB attempted,
and the account of it in Captain D. J. Goodspeed’s official history of DRB’s
first decade contains some interesting comments. It was felt that guided
weapons were going to be important and it was therefore decided “that
Canadian scientists could best be indoctrinated in guided missile techniques
by actually manufacturing a missile.”®® That was in 1950: by 1955 over 300
missiles had been manufactured and fired. The team had grown from the
original four or five DRB staff to a group of about 400 scientists and engi-
neers working in DRB laboratories, other government laboratories, and
industry. The largest group was in industry (250 engineers with 600 sup-
porting staff).®* The government laboratories appear to have taken the lead
in design and then to have handed the work over to industry.

Goodspeed says the proposals for Velvet Glove “were approved by an ad
hoc technical committee of American and British guided missile experts.”®*
It is difficult to decide what this “approval” implies when Goodspeed goes
on to point out that Velvet Glove failed because it was designed to cope
with bomber aircraft similar to the then existing American B-29. He explains:

... There was a general belief that the nations of the West had a commanding
technological lead and that, although other countries might copy Western
scientific developments, they were unlikely to produce effective modern
aircraft of their own. The high-speed, high-altitude jet bombers which were
later to be displayed were still in the development stage and Western
intelligence had no firm evidence of them...Furthermore, the Canadian
requirement had been drawn up bearing in mind that guided missiles were
a new field for Canadian scientists, that the primary objective of the pro-
gramme was to acquire new knowledge, and that it would therefore be
inadvisable to set too difficult an initial task.”

The obvious rejoinder is that it might have been better to have taken a less
ambitious task or to have set up a joint program with an ally. Goodspeed
says “The decision to design and build a Canadian guided missile was a bold
one. There were some, of course, who had been dubious about this decision,
who felt that in entering the field of guided missile development Canada was
trying to run before she could walk. There were others, enthusiasts for the
project, who retorted that this was exactly the attitude of mind which had



kept mankind on all fours for countless eons. In any case, the bolder coun-
sels prevailed . . . . The principal objective of the programme—the acquisi-
tion of technical knowledge—had been achieved.”® The cost was
$24,000,000.

This example shows the need for technological forecasting and co-opera-
tion with other countries and a clear statement of objectives when large,
complex projects are considered necessary. In this case it appeared to be too
easy to downplay the objective of developing a usable device and concentrate
on the objective of educational spin-off. Could this education have been
obtained at less cost? Was it even necessary? Instead of indirectly assisting an
area of technology with spin-off, why not promote it directly by projects
whose objective is to meet a real need?

One military aircraft, the CF-100 jet mterceptor was designed and pro-
duced in Canada. This aircraft served with the RCAF and was purchased
by one of Canada’s NATO partners. The Minister of Trade and Commerce
told the House in 1955 that the government had supplied $122 million and
about $44 million worth of equipment to the firm before the first all-weather
CF-100 was produced.®® The first Mark IV CF-100, the version used. in
RCAF squadron service, came off the production line in September 1953.%¢
In 1956 it was reported that the RCAF would spend $150 million to re-
equip its home defence forces with the Mark V CF-100. Later the Mark VI
was proposed, but in 1957 the government announced that the new version
would not be produced, according to news reports, “because the air-to-air
missile with which the aircraft was to be armed was nowhere near the pro-
duction stage. The missile—the Sparrow ....[It] would be three or four
years before it would be available.” It was estimated that dropping the
Mark VI saved about $100 million. This program successfully achieved its
mission partly because of an available export market.

In 1953 the government awarded $250,000 for a design study of the
CF-104 delta wing supersonic aircraft which, the press noted, “marks the
first government move following a recent decision to back original Canadian
military aircraft designs where possible.”®® This led to the well-known
CF-105 Arrow aircraft program and the Iroquois engine. The Arrow was the
subject of much controversy. The Minister of Trade and Commerce told the
House of Commons in June 1955 that there had been difficulties with Avro
Canada Limited during the development of the aircraft:

After we had got in for $30 million to $40 million, it was quite obvious
that the management of the day was not going to produce what we required—
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the top management which was in England. The men on the job just did not
have the experience to carry out the work and that became obvious to all
concerned.”

The Arrow was very much the subject of controversy but nevertheless
it was designed, built and made its first flight on October 4, 1957. That
was the day the Russians launched the first Sputnik, which drew away
some attention and also created some doubt that the Arrow could cope with
weapons of the future. By the time of its first flight the Arrow program had
cost over $300 million. To have put it into squadron service would have
raised the cost to anywhere from $500 million to $1 billion, depending on
what items were included. Opinion varies as to whether or not the Arrow
was all that was claimed for it, but in any case attempts to sell the aircraft to
Canada’s allies failed. W. R. McLaughlan, executive vice-president of A. V.
Roe Canada, warned: “In the days ahead Canada will have to undertake
projects more costly and more advanced or abdicate her present position as a
respected partner in the free world. The alternative is to turn the job of
national security over to someone else.”” A seasoned parliamentary re-
porter commented that “. .. the Arrow failed to reach its main objective.
It showed every promise of being the best aircraft of its class in the world.
But the cost, in the absence of sales abroad, had reached staggering pro-
portions. . . . Foreign observers agreed that the CF-105 was an excellent air-
craft. But a resourceful sales campaign didn’t net so much as a nibble.”™
The Prime Minister announced the cancellation of the Arrow in February
1959.

The spin-off from the Arrow project was described to the Senate Com-
mittee by Dr. Howard Petch: “I have never been and I am not in a position
to evaluate it as a defence weapon, but I think the country has lost very
heavily by its discontinuance. I was very close to both the metallurgical in-
dustry and the electronics industry at that time and I feel we have not yet
regained the impetus in those two industries that we lost on the cancellation
of the Arrow project. . . It is the loss of exciting projects like this that cost
us considerably in terms of our very best manpower because our best people
tend to be excited by these projects. ... There is lots of what I call bread-
and-butter engineering in Canada but there is not very much to interest the
top 15 per cent of our graduates in applied science.”™

When the Arrow and the many projects associated with it were cancelled
hundreds of engineers and scientists moved to the United States. Dr. Solandt
recalled for the Senate Committee a visit to the U.S. NASA Manned Space
Center in Houston. He commented: “Of the 200 scientists involved in their



program, 40 came from Avro and most of them are still there, and at the
Manned Space Center out of the half-dozen we met, three were from Avro.
I might say they were all Englishmen—not Canadians—who had come to
Canada intending to stay.””® It was pointed out that this just high-lighted a
continuing and serious “brain drain” that had afflicted Canada for some years.
For example, in 1957 the Technical Service Council, an organization that
helps Canadian scientists find posts, published a report showing that between
1951 and 1956 the number of Canadian engineers and scientists that emi-
grated to the United States was equal to almost one-third of the graduating
classes of that period. The drain increased from 11 per cent in 1951 to 46
per cent in 1956. Dr. Robert A. Bryce, who released the report, claimed that
many of them were research scientists with post-graduate degrees who
“leave Canada because they cannot get positions in their field of interest.”™

3. Computer technology

The other major technology undergoing rapid development in the ’50s was
the digital computer. The government funded an advanced project in this
field, and according to Professor Arthur Porter’s evidence before the Senate
Committee, it was imaginative and ahead of its time and eventually led to
sizeable computer activity in Great Britain. Professor Porter described this
abandoned defence-oriented Datar project “in which Canada made a tre-
mendous breakthrough in information technology . . . .I believe Canada was
the first nation to set up three individual data-handling systems and to tie
them together over radio links.”” Professor Porter stated further that as a
result of this project, Britain’s ICT computer series could be said to have
been “conceived and designed” in Canada. The ICT company now has
some 30 per cent of the British business in this field.” He added, “This is a
case where perhaps only $2 million at the time, 1954-55—I was heading
the Canadian group so I know at first-hand what was involved—would have
made a profound impact in this whole field, because we were ahead. We
were not only ahead in interactive computer systems, but we were ahead in
modular solid state computer technology, which is the basis of the modern
computer.”™ The project closed down for lack of funds and many of those
involved left Canada, taking their knowledge and experience with them.

CONCLUSION

Canada approached complex problems of science and technology as they
arose in the postwar years without a consistent strategy or a coherent policy.
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Most other Western countries were in the same position. Some nations, such
as Great Britain and France, tried like us to face the challenge of fabulous
technology positively but on a basis of national self-sufficiency and without
adequate preparation. Like Canada, they made costly mistakes. Other coun-
tries, such as Japan, Switzerland, and West Germany, did not rush into the
new era but gradually built a less glamorous and more realistic capability. In
the United States the already established strategy of awarding the bulk of
government R&D programs to private industry paid off handsomely.

During this period, in Canada, two seemingly inconsistent directions were
being followed. The postwar spokesmen for the Republic of Science con-
tinued to express the conventional wisdom, putting the emphasis on basic
science and fundamental research and neglecting the problems of technology
and the importance of research performed by industry. On the other hand, the
government decided that Canada would face the main challenges of the new
technology alone, and that private industry would be given the strategic job
of development, design, and construction.

After long years of neglecting industrial R&D and concentrating science
activities in government laboratories, it should have been obvious that in-
dustry was not prepared to achieve its mission effectively. The paradox was
that after it had acquired the necessary experience, industry did not get the
main construction assignment either because it was a private monopoly, as
in the case of Canadian General Electric, or because the innovation was too
expensive for Canada in the absence of foreign sales, as in the case of the
Arrow.

These problems, which an effective government central machinery for
science and technology should have been able to detect in advance, were
not foreseen at the time. Decisions were then often taken on the spur of the
moment, on the basis of good friendly contacts, but without a careful analysis
of the main requirements or immediate objectives. The result has been that
Canadian teams of technologists and designers have been trained at con-
siderable cost and then left practically idle or lost to the United States.
This experience of the postwar years shows that it can be expensive and
frustrating for a country to proceed without a realistic strategy for science
and technology.

Meanwhile, the first major government attempt to promote R&D in Cana-
dian industry had failed to a large extent, except when government contracts
had been used within the framework of our sharing arrangements with the
United States. In any case, this failure contributed to the substantial decline
of government support for civilian industry in later years.



At the beginning of the ’50s, federal government funding of R&D in in-
dustry was less than $3 million per annum. This grew to about $50 million
a year in 1957-58, after which it dropped sharply and did not again reach
$50 million a year until 1965-66. Large technological projects had been
funded at the frontiers of the most advanced fields; avionics, supersonic
aircraft, large jet engines, nuclear power reactors, computers. These pro-
grams involved hundreds of millions of dollars, and one has to think that
the demands placed on Canada’s scientists and engineers and on laboratories
such as those of NRC called for careful but imaginative co-ordination and
co-operation. We have been told that this was not the case. For example,
during this period relations between the Defence Research Board and the
National Research Council were often strained.

While the president of NRC continued to promote the interests of basic
science, and while the government was trying to meet the challenges of fab-
ulous technology, other government agencies were continuing to get suc-
cessive annual increments for their science activities according to their own
isolated priorities and to the overall budgetary requirements determined by
Treasury Board. Even the Massey Commission’s recommendation of a large-
scale R&D study was completely ignored during those crucial years.

NOTES AND REFERENCES

1. C. J. Mackenzie, The Significance of the Recent Scientific Explosion, Address to the
Chemical Institute of Canada, Montreal, Feb. 15, 1961.

2. Reviews of National Science Policy, Cangda. OECD. Publication No. 26.223, Paris
1969, Part II, Chapter I

3. W. Bggleston, Scientists at War, Oxford University Press, Toronto 1950, p. 13.

4. Eggleston, op. cit. p. 15.

5. Quoted by John Porter, The Vertical Mosaic, University of Toronto Press, 1965. p. 432.

6. C. P. Snow, Science and Government, Mentor Books, Toronto 1962, p. 62.

7. The Royal Commission on National Development in the Arts, Letters and Sciences,
Ottawa 1951, p. 179. Hereafter referred to as the Massey Report.

8. The Royal Commission on Government Organization, Vol. 4, Queen’s Printer, Ottawa
1963, p. 219, Hereafter referred to as the Glassco Report.

9. Glassco Report, op. cit. p. 220.

10. Glassco Report, op. cit. pp. 220-221.

11. Reviews of National Science Policy, Canada, OECD. Publication No. 26.223. Paris 1969.
Part I, Chapter III

12. Massey Report, Chapters XIV and XXIIL

13. Massey Report, op. cit. p. 175.

14. Ibid.

15. Massey Report, op. cit. p. 171.

16. Massey Report, op. cit. p. 177.

17. Massey Report, op. cit. p. 179.

18. Ibid.

19. Ibid.

85



86

20. Massey Report, op. cit. p. 364.

21. Karl Polanyi, The Republic of Science. Minerva Vol. I. No. 1. 1

22. Science in Canada, Selection from the Speeches of E. W. R. Steacie, Edited by J. D.
Babbitt, University of Toronto Press, 1965, p. 142.

23. Babbitt, op. cit. p. 120.

24. Babbitt, op. cit. p. 122-123

25. Babbitt, op. cit. p. 121.

26. Babbitt, op. cit. p. 130.

27. Babbitt, op. cit. p. 131.

28. Babbitt, op. cit. p. 132.

29. Babbitt, op. cit. p. 133.

30. Babbitt, op. cit. p. 155.

31. Babbitt, op. cit. p. 124-125.

32. Babbitt, op. cit. p. 26.

33. Babbitt, op. cit. p. 48.

34. Ibid.

35. Julius A. Stratton, Massachusetts Institute of Technology, The President’s Report,
1960. p. 11.

36. Donald Schon, The Future of American Industry, The Listener, Vol. 54, No. 2153.2
July 1970, p. 9.

37. Anthony Wedgwood Benn, guest editorial in Science Journal, Vol. 5A, No. 4. Oct.
1969. p. 3.

38. L’Express. No. 988, 15-21 juin 1970, p. 44. ;

39. W. Eggleston, Canada’s Nuclear Story, Clarke Irwin, Toronto, 1965, C. J. Mackenzie
in Foreword.

40. Eggleston, op. cit. p. 310. )

41. House of Commons, Special Committee on Research, Minutes of Proceedings and
Evidence, No. 9, June 5, 1956. pp. 278-280.

42. Ibid.

43. Ibid.

44. Quoted by Eggleston, op. cit. p. 325.

45. H. A. Smith and J. S. Foster, Base Load Application of Nuclear Power to a Mixed
Hydro and Thermal System, paper presented at the World Power Confere;nce, Sectional
Meeting, Madrid, 1960. (Appendix A in Minutes of Proceedings and Evidence No. 25
of House of Commons Special Committee on Research, 1961) )

46. House of Commons Committee on Research, Minutes of Proceedings and Evidence.
No. 9. June 5, 1956, Appendix II, pp. 254-258.

47. Ibid.

48. Quoted by Eggleston, op. cit. p. 312.

49. Eggleston, op. cit. p. 327.

50. Ibid.

51. House of Commons Committee on Research, op. cit. p. 176.

52. House of Commons Committee on Research, op. cit. p. 185. .

53. Science Council of Canada, 1970 Annual Report, Ottawa, Queen’s Printer pp. 38-39.

54. Ibid.

55. O. M. Solandt, Address to the Canadian Club. January 24, 1949.

56. Curtis, Address to the RCAF Benevolent Association of Ottawa, Canadian Aviation,
Vol. 31. No. 4. June 1958, pp. 34-36, 96.

57. News Chronicle, London, April 23, 1953.

58. Ottawa Journal, Government Junking Missile Project? Oct. 12. 1957.

59. Ottawa Journal, Canada Air Defence Switches to Missiles, September 24, 1958.

60. D. J. Goodspeed, A4 History of the Defence Research Board, Queen’s Printer, Ottawa
1958, p. 128.

61. Goodspeed, op. cit. p. 131.

62. Goodspeed, op. cit. p. 129.

63. Goodspeed, op. cit. p. 132.

64. Goodspeed, op. cit. p. 132-133.



. Montreal Gazette, Aviation Monopoly No Threat, July 16, 1955.

. Ottawa Journal, CF-100S Compose Home Defence Force, December 23, 1955.

. Montreal Gazette, Ottawa Junks Mark VI Program, October 12, 1957.

. Financial Post, Delta Fighter, 1,200 mph. is coming AVRO project, May 23, 1953.

Montreal Gazette, Millions Near Lost in Arms, June 29, 1955.
Montreal Gazette, Ottawa Day by Day, October 7, 1958.

. Ibid.
Senate Special Committee on Science Policy, Hearings Phase I, March 12, 1968, p. 62.
. Ibid.

Ottawa Journal, Editorial More About Our Scientists, November 20, 1957.

. Senate Special Committee Science Policy, Hearings Phase I, p. 112°.

Hearings Phase I. op. cit. p. 119.

. Hearings Phase I, op. cit. p. 112, 113.

87






S

THE 1960’s: A SECOND ATTEMPT AT
BUILDING A CANADIAN SCIENCE POLICY

Canada was not the only country to have difficulty in managing the large
problems of advanced technology in a rapidly changing environment or in
resolving at government level the many policy problems raised by science
and technology. Toward the end of the 1950s the governments of most
advanced nations began to show a renewed interest in science policy and
i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>