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John Coleman has been the Head 
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ics at Queen's University 
since 1960 and President of 
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Congress from 1973 to 1975. 
His thesis, under Leopole 
Infeld was on Quantum Mechan
ics. His papers deal with 
group theory and with the 
N-body problem in quantum 
physics. Coleman chaired the 
Ontario Hathematics Conunission 
for four years at the epoch 
when the "!lew math" arrived in 

Ontario (he claims it started in 1352 with Cayley's paper on Groups). 
He was one of the Editors of a series of textbooks for schools 
published by W.J. Gage and Company, which with subsequent series, has 
sold over one million copies - mostly in Ontario, but also in Hong 
Kong and IJew Zealand. In the period 1945-49, Professor Coleman 
served the Horld's Student Christian Federation, visiting over 100 
universities in twenty countries throughout the world. His wife, 
~arie-Jeanne de Hallar, who also worked for U.S.C.F., graduated in 
Theology from the College founded by Calvin. She is a daughter of 
the Swiss banker referred to in Chapter II. Coleman's enthusiasms 
are always passionate. They include music, squash, sailing his Flying 
Dutchman, wine and mathematics. He believes that the basic problems 
of mankind are religions. His intellectual analysis of the future is 
always foreboding. His attitude to the future is always optimistic. 
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Preface to the Preliminary Edition 

This Preliminary Edition has been produced in offset in order to make 
the report available to the officers of the sponsoring organizations 
and to fulfill our promise to distribute it gratis to the respondents 
to the rlathematics Questionnaire. I hope that you will immediately 
take any action open to you to further the implementation of those 
recomnendations of the Study with which you are in agreement. I hope 
also that you will publicize the Report encouraging your friends and 
the organizations with which you are associated to order the defini
tive edition which is expected to appear in the fall of 1975 through 
Information Canada. 

I &~ personally responsible for the main body of the text. 
However, the first two chapters are largely based on an excellent 

first draft by Dr. Gordon Edwards. Klaus Beltzner has been largely 
responsible for the Appendices. The main effort and it was 
considerable - in designing and analyzing the Questionnaire was due 
to Klaus and Gordon. In the period July 1, 1973 to August 31, 1974, 
Dr. Edwards gave his full time and extraordinary energy to the 
day-to-day activities of the Study. I am most grateful to him and 
Klaus Beltzner for the contribution they made towards the completion 
of this Study. 

I am also grateful to Dr. P.D. NcTaggart-Cowan who , as Executive 
Director of the Science Council of Canada consistently gave the Study 
enthusiasm and counsel; to Professor Nobert Lacroix for his 
understanding of my failures and for the careful and objective way in 
which he chaired the Joint Committee; to all the members of that 
Committee whose cooperation made it all possible, and whose percep
tive criticisms improved the Report; and to our secretaries Mrs. Lynn 
Tremblay, Kathy Brady and 11aggie Adams who handled their mathemati
cians with equanimity and great efficiency. 
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~ve are aware that the Report contains no discussion of research 
publications LhJ_ of the special problems of women mathematicians. 
This is because there were no submissions to the Study on these 
topics. Doubtless, there are other grave omissions. We will be most 
grateful to readers of this Preliminary Edition who bring to our at
tention other serious lacunae, and, especially errors of fact. If 
the latter are communicated to us immediately they may be caught in 
the final edition. And, of course, we will welcome arguments about 
the recommendations of the Report. You may write to Professor Norbert 
Lacroix or the undersigned, in care of the Science Council of Canada, 
150 Kent Street, Ottawa, Ontario, KIP 5P4. 

A.J. Coleman 

15 



MATHEMATICAL
 
SCIENCES IN CANADA
 

--'------------------------------------. 



Introduction 

"MATllEl~TICS Cfu~ADA is not another bureaucracy. It is a study which 
will attempt to bring into sharp focus the present state and role of 
the lfuthematical Sciences in Canada, and recommend policies for the 
future". (From a Press Release issued by the Science Council of 
Canada, September 1973.) 

After some years of debate over science policy in Canada, spe
cific plans for action are gradually emerging within the scientific 
community. This Study describes a debate on policy matters relating 
to the l~thematics Study and simultaneously makes several proposals 
for action. It shows the leadership of the mathematical community 
itself in assessing its present contribution and in trying to enlarge 
its role to serve the social cultural and economic needs of Canada. 

To assume such leadership was not possible five years ago be
cause the mathematical community was fragmented into several units 
each with its own concerns. The Study has brought them together on a 
common concern and constitutes the first step in improving things at 
the political level for the r~thematical community, which has been 
ignored mainly because it has been divided, not visible and without a 
national voice. Other common concerns have since emerged, such as 
follow-up of the Study and implementation of proposals for action, to 
strengthen the mathematical community's desire to remain on stage. 

The effect of the Study has been felt even before the appearance 
of the present study because the actual process of the Study made it 
a vehicle of change. The Study contains numerous indications of what 
is yet to be expected: gradual changes of attitudes within and with
out the mathematical community and promotion of meaningful communica
tions at all levels. 

~~thematics and the Mathematical Community 

In the twentieth century, the mathematical community has become very 
diversified - encompassing not only teacherss and researchers, but 
also a good many of those who work in fields such as Statistics, Act
uarial Sciences, Operations Research, and Computer Science. In 
short, it takes in all those who use mathematical thinking as an in
tegral part of their job. The various fields mentioned above are 
collectively referred to as the Mathematical Sciences, and throughout 
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'the Study, words such as "mathematics", "mathematical", and "mathema
tician" are often used to refer to this entire spectrum of mathemati
cal activity (as described in Chapter II, "The Hathematical Eco
system"). 

It is perhaps not superfluous to point out that there is a dis
tinction between mathematics and the mathematical community. One 
will hear such statenents as "Mathematics will not be able to weather 
the stormy waters which she has entered without a profound change in 
her aims and orientation" (A. Zadeh, as quoted in Chapter II). In 
such cases, mathematics itself is really removed from the situation, 
standing as an independent body of knowledge as glorious as ever. It 
is the mathematical community which is being pointed at, because of 
its activities over the past thirty or forty years. It is this type 
of activity which is now under wide discussion. 

i'lanagement of the Study 

The Joint Committee and the Executive Committee, as outlined at the 
beginning of Chapter I, have supervised and managed in a general 
sense the conduct of the ~ffithematics Study. The Study Director, the 
Assistant Study Director and the Project Officer were responsible for 
the day-to-day work and initiatives. In addition, they have attended 
the seven meetings of the Joint COIT~ittee and the three meetings of 
the Executive Committee. The meetings took place in a fine spirit, 
characterized by many constructive suggestions and criticisms which 
emerged. 

Professor C.F.A. Beaumont of the Faculty of Mathematics at the 
University of Haterloo has taken a very important part in the Nathe
matics Study, by devoting much thought, time and energy to the organ
ization of a series of one-day seminars involving representatives 
from industry or government and university mathematicians. In parti
cular, he made all the preparations for five of the eight seminars 
and chaired four of them himself. 

Details pertaining to the process of the Study constitute 
Chapter I of the Study. 

18 



>
 

On the Main Body of the Study 

The opinions and findings in the main body of the Study are those of 
the authors, K.P. Beltzner, A.J. Coleman and G.D.J. Edwards. The 
Joint Committee has authorized the publication of the Study in the 
hope that its stance on many important issues in Mathematics will 
trigger discussions, actions or reactions leading to improvements in 
Mathematics in Canada. 

In particular, it is hoped by the Joint Connnittee that the 
Report and the recommendations will be considered at length by the 
sponsoring societies. 

Position of the Joint Committee on the Recommendations 

The Joint Committee supports the seven recommendations as they appear 
in Chapter XI. The vote on Recommendations 1, 2, 3, 5 and 7 was un
animous. 

Recommendation 6 on the creation of a Canadian Institute of 
Applied Mathematics was carried with one abstention (that of Mr. J. 
Faille, there being agreement that his vote be reported). Professor 
P.G. Rooney, who could not attend the meeting at which Recommendation 
6 was adopted, stated in writing prior to the meeting that he would 
have supported a weaker version proposing a study of the opportune
ness of creating a Canadian Institute of Applied Hathematics. 

Reconwendation 4 on a review of granting policies of the Federal 
Government was adopted with one opposing vote by Profess~r I.B. 
Mac~eill. Again it was agreed that his position be reported 

Although the councils of the sponsoring societies have not for
mally approved the recommendations, their representatives on the 
Joint Committee have endorsed them as indicated above and have agreed 
to bring them before their respective organisations. 

In particular, the members of the Joint Committee will strongly 
recommend to their own socieites that they act quickly to create a 
continuing Council for the Nathematical Sciences (Recommendation 7) 
to further the cooperative work that began with sponsoring the 
Mathematics Study. 
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On behalf of the Joint Committee, 

J'Jorbert Lacroix 
Chairman 

10 July 1975 

Footnote to the Introduction 

1.	 Professor MacNeill has made the following statement: "I would 
have supported Reconunendation 4 if it had also contained an 
additional section as follows: 

Cd)	 The feasibility of a separate Grant Selection 
Conunittee being established for Probability; 
Stochastic Processes; and Statistics, both pure and 
applied". 
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Foreword 

In writing this Foreword on the eve of my retirement from the Science 
Council as its Executive Director, I feel in the mood to go beyond 
the nonnal confines of Foreword writing and to make some rather 
personal cornnents on this study. 

As one of many in the scientific community in Canada whose feet 
were firmly embedded in mathematics but who are now engaged in other 
pursuits, I viewed with disquiet, which turned to dismay, the growing 
post World War II fragmentation of mathematics in our universities 
and the onset of conflict which could only be described as civil 
war. 

In the establishment of Simon Fraser University in the middle 
'60's, we attempted to do something about it, to start healing the 
wounds between the pure and applied mathematician and between 
nathematicians and scientists in other areas. The extent to which 
this was achieved initially, and to which it has flourished 
subsequently, is for others to comment on but the intent was there. 

When I took on the job of Executive Director of the Science 
Council in September 1968, I sensed, as is brought out in this 
present essay, that the mood of mathematicians at some locations in 
Canada was starting to change. There seemed to be a growing 
realization that a continuation of the posturing of the past two 
decades was an open invitation for a collision with disaster. There 
seemed, therefore, to be an opportunity to help in reversing the 
trend and to get the various parts into which mathematics had divided 
itself on converging courses and to start healing the wounds between 
mathematics and the rest of human knowledge. I had a personal goal 
therefore that the Science CounciL, at the opportune time, should 
play the role of a catalyst in bringing this about. 

Notwithstanding this desire, the opportunity was frustratingly 
slow in occurring and the idea was frequently set aside by the 
constant battle of higher priority areas demanding the Council's time 
and attention. Thus, mathematics missed out on the early round of 
"inventory studies" of science in Canada that were undertaken by the 
Science Council and therefore became subject to the Council's current 
view that "inventory studies" should be done by those who are in the 
discipline, with che Science Council being willing to finance the 
study, providing the necessary enthusiasm and determination could be 
found within the discipline to do a good job. It was late in 1971 
before there seemed to be any significant stirrings among the mathe
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~atical community. Finally, in the spring of 1973, the major seg
ments of the mathematical sciences formed their consortium and put 
forward a good proposal for a study which led the Science Council to 
agree to fund the project. 

I have been delighted with the way the six collaborating 
societies have not only corne together but stayed together and tackled 
the job vrith determination and enthusiasm; the consortium's Chairman, 
Professor N.H. Lacroix of Laval University, can be justifiably proud 
of what has been achieved. Their actions have given the lie to many 
of the "Doubting Thomases" who were standing on the sidelines waLtLng 
for the consortium to blow up. 

The Joint Committee for the Mathematics Study was @ost fortunate 
in being able to attract Dr. Coleman to be Study Director. Among 
Canada's leading mathematicians, he was uniquely qualified. 

The consortium and the Science Council were both fortunate that 
Queen's University recognized the importance of the Study and gener
ously released Dr. Coleman from duties and responsibilities to the 
University which, in other circumstances they would have a right to 
expect. 

While Dr. Coleman has been completely frank in his essay on its 
limitations and shortcomings, it must be borne in mind that this kind 
of science policy investigation, representing a combination of sur
vey, of analyses, of synthesis, of attitude and opinion sampling, 
coupled in the final stages with raw but hopefully informed judge
ment, is fraught with all the difficulties of other types of re
search. None of the studies undertaken under the aegis of the 
Science Council while I have been its Executive Director have really 
met all of my initial expectations or been completed within the 
originally conceived timetable. This probably means that we are 
incurable optimists, continually striving to grasp beyond our reach. 
So be it. In my judgement, the sponsors of the present study on 
mathematics need apologize to no man. It provides a platform upon 
which hopefully other institutions will find it in their interest to 
build. Still others must pick up the torch that has been lighted, 
carry it the length and breadth of Canada, and light fires under a 
sufficient number of people that the actions that have been identif
ied as urgent are undertaken. 

While I am enjoined to declare in every Foreword to an authored 
study that the opinions expressed do not necessarily reflect the 
views and opinions of the Science Council, I must add in this case 
that I hope it does. 
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I think it is important for all of us to regard the publishing 
of this essay as the beginning and not the end of change. Follow-up 
both with the community of mathematical scientists and those called 
upon to teach mathematics in the school system and follow-up with 
government and industry must take place. Discussion must continue 
until action is assured. 

To this end, I think it is essential that the societies drawn 
together in the consortium for the purpose of this study form a 
Council to continue the cooperative effort now started, orchestrate 
the sYmphony of change and on occasion seize the baton and become the 
conductor. 

I think the chapter on the teaching of mathematics in the uni
versity is critical as indeed is its companion chapter on research. 
There should be no such concept as a surplus of PhD's in mathematics. 
If indeed we can recapture the central thrust of a university degree 
being to teach people how to think, surely someone who has been 
taught to think at the highest level in the field of mathematics 
should be the most ubiquitous of scholars with a mobility to carry 
these talents into any area of human knowledge and function with 
distinction. This becomes of central importance as we see all around 
us and particularly at the political level the denigration of merit 
and the flight from the authority of knowledge. 

It is the narrow and bigoted view of the mathematics doctorate 
clearly condemned in Coleman's essay which has put blinkers on good 
students and restricted their post-degree mobility. Once this is 
removed, Canada will need all the PhD mathematicians that the univer
sities can produce. They will be few enough in number but they will 
be found thinking their way through all manner of problems seemingly 
remote from mathematics but only to the uninitiated. 

I think the role foreseen for those with an M.A. in one of the 
mathematicial sciences is probably greater than we have the courage 
to articulate. If we are to "Mathematize with Joy" throughout the 
country - the journeyman evalgelist in industry and government may 
well be the "man with the Masters" (he or she). 

I must admit my bias in stressing the need for urgent mathemati
cal surgery through the medium of the Canadian Institute of Applied 
Mathematics in the whole field of survey methodology. The amount of 
money we are wasting in Canada, let alone the time and energy, in 
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.meaningless statistical compilations that nobody uses or should use, 
the demands on citizens to complete stupid questionnaires that are 
without serious statistical foundation are legion. The need for 
highly focussed statistics in the planning of Canada's future is 
undeniable but the way we are going about it is a travesty of logical 
thought; a mental blindness that would defy even the genius of a 
George Boole to comprehend. We can do so much better if we have a 
mind to do so. 

In this day and age, when led by the federal government the 
country seems determined to deny merit and renounce the authority of 
knowledge, it is a pleasure to read the work of one who has the 
courage to uphold the importance of both knowledge and merit and to 
do so with the enthusiastic use of good English. 

Perhaps it is John Coleman himself who shines through these 
pages that make them far more than a recipe for mathematicians or 
perhaps it is a combination of this and the mathematical rigour which 
is his creed. Whatever the reason, the result is a charming essay of 
great importance. It should be read by all. 

P.D. McTaggart-Cowan 
Executive Director 
17 July 1975 

-
I 
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The six sponsoring societies and the Science Council of Canada 
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Science Council of Canada 
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Executive Director 
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Executive Director
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Project Officer
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Project Officer
 

Mr. Klaus Beltzner (starting January 1974)
 
Project Officer
 

Mr. J. Basuk (starting September 1973)
 
Secretary
 

Canadian Mathematical Congress
 

Professor A.H. Lachlan
 
Simon Fraser University
 

(*) Professor N.H. Lacroix (Chairman) 
Universite Laval 

Professor P. Lancaster
 
University of Calgary
 

Professor P.G. Rooney
 
University of Toronto
 

....
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Chapter I 

The Study as Process 

"Surprisingly little attention has been given to the 
Mathematical Sciences in Canada~ although the need for 
long-range policy planning in this area seems obvious. 
The present study will be breaking new ground in attempt
ing to provide an overall view of the role of mathematics 
in Canadian science~ education~ government and indus
try. In fact~the actual process of the study may be of 
greaterlirf/Portance than any written report which will 
result ." 

Within the last few years, mathematicians in Canadian uni
versities have become increasingly conscious of the need to 
thoroughly reassess our values and goals. We have been moved because 
our performance in "service" courses is under increasingly perceptive 
criticism, many of our ablest doctoral students are failing to find 
satisfying employment, budgets are getting very tight, and enrolment 
in honours mathematics programs is on the decline in many 
universities in North America. We are also disturbed by more subtle 
reasons associated with a vague feeling of aimlessness and a growing 
desire to communicate with others. This mood is especially common 
among our younger colleagues. Many mathematicians have an acute 
sense of loneliness which issues from our inability to relate our 
work to the rest of life or to explain it to anyone but a few fellow 
mathematicians. 

Against the background of such a mood several Canadian mathemat
icians in the late 1960's concluded that the moment was opportune for 
a study of the role of mathematics in our society. They quickly 
realized that for such a Study to be meaningful it could not be 
restricted to the work and interest of academic mathematicians nor 
merely to "mathematics" in the narrow sense. 

In 1971, ~he Canadian Mathematical Congress established a spec
ial committee on Policy for the Mathematical Sciences in Canada. 
A non-event which helped trigger this action was the failure of 
mathematicians to provide any organized input to the Senate Special 
Committee on Science Policy chaired by the Honourable Maurice 
Lamontagne - a failure which demonstrated quite dramatically the lack 
of cohesion and self-awareness of the Canadian mathematical communi
ty. Concurrently, and quite independently of the CHC, the Science 

-
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Council of Canada had begun to consider the advisability of launching 
a critical scrutiny of the role of the Mathematical Sciences in 
Canadian society. These two streams m~rged. After consulting with a 
representative of the Science Council ,the CMC Committee proceeded 
to enlist the cooperation of five other Canadian matheNatical societ
ies, to mount a Background Study on Policies for the Mathematical 
Sciences in Canada on behalf of the Science Council of Canada. 

A Joint Committee of fourteen members was formed, representing 
the six sponsoring mathematical organizations and the Science Council 
of Canada. At their first meeting, the members of the Joint Com
mittee unanimously agreed that a study of the Mathematical Sciences 
in Canada was long overdue, and that cooperative efforts between all 
workers in the mathematical sciences was desirable and much needed. 
An Executive Committee of five members was formed, a Chairman 
elected, a Study Director named, and an Assistant Study Director 
chosen. In the spring of 1973, the Joint Committee contracted with 
the Science Council of Canada to undertake a study of the Mathema
tical Sciences in Canada, using offices in Ottawa provided by the 
Science Council. 

Initial Steps 

As spelled out in the contract, the objectives of the Study were 
conceived in rather ambitious almost grandiose - terms: 

"1. To establish what kinds of mathematics are currently 
used in Canada, and to what extent. Also to suggest areas of 
mathematics which are not being studied or used to the extent 
which would be desirable. 

2. To describe and evaluate various possible types of 
research in the mathematical sciences. 

3. To estimate present and future manpower supplies and needs 
at various levels of mathematical competence. 

4. To examine current objectives and methods of training in 
mathematical activities and to suggest possible improvements at 
all levels. 

5. To recommend methods by which significant real problem areas 
amenable to mathematical treatment can be identified and 
publicized on a systematic and continuing basis." 
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With hindsight it is now apparent that these objectives were 
well-nigh impossible to attain in any definitive sense, certainly not 
with the resources at the disposal of the Study. ~onetheless, the 
stated objectives were frequently discussed in the Joint Committee 
and pondered by the Director of the Study and his Assistant. They 
had an invaluable steering effect on the study process. 

Despite the apparent emphasis on data-gathering in the statement 
of objectives, the Mathematics Study was never conceived as a mere 
inventory study. From the first it was concerned with long-term 
strategies for the development and utilization of the Mathematical 
Sciences in Canada. This is in keeping with the mandate expressed in 
the Science Council of Canada Act of 1969, which makes it clear that 
the council's primary duty is to assist in the formulation of science 
policy in the national interest. 

The Science Council had sponsored previous studies 4 concerning 
physics, chemistry, biology and the earth sciences. On the basis of 
his association with these studies, Dr. P.D. McTaggart-Cowan the 
then Executive Director of the Science Council of Canada insisted 
that the most important effect to aim for was a change of attitude 
by teachers, by university professors, by managers in business and 
industry, by government officials, and by parents. The most 
comprehensive collection of facts about the mathematical sciences in 
Canada, the lllOSt telling diagnosis of the state of mathematics or the 
most brilliant set of recommendations would be of no avail unless the 
Study aroused interest and debate. If changes are necessary, they can 
be brought into effect only if they win the approval and support of 
those who are most directly affected - the people who are expected to 
adopt and implement the new ideas. 

Three guiding principles emerged during the first few months: 

(i) the universe of mathematical activity, from the use of 
simple arithmetic in our cornmon life to the application of statis
tics and computers or abstract research on category theory, consists 
of a complex interaction of many different species of mathematicians 
connected by a communication network - a veritable ecosystem as we 
shall refer to it in Chapter II; 

(ii) the study should not be restricted to a passive role, 
merely observing the system from the outside as if it were a static 
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,thing. Rather the process of 
change. This meant opening up 
stimulating a vigorous debate 
express their views about the 

the study should itself be a vehicle of 
new channels of communications and 

among all those who cared enough to 
future of mathematics in Canada; 

(iii) the study should start not with the assumption that all of 
the important issues were necessarily knO\Vll in advance, but use the 
study leaders as coordinators of a national effort to identify the 
true issues and to make effective recommendations. 

It was felt that these three guiding principles would help to 
prevent the Study from drawing a distorted picture or proposing 
unworkable solutions. The success of the Study therefore depended 
upon the active cooperation and involvement of every part of the 
mathematical community. 

The Actual Process 

To our knowledge, there has never previously been an attempt to 

viewed the n~thematical ecosystem, four techniques were used: briefs 
were called for; eight one-day Seminars were held; Universities, 
Industry and Government Agencies were visited; a Questionnaire was 
circulated widely. 

(i) Briefs 

In order to publicize the study, a press release was prepared 
and distributed to newspapers, radio stations, professional and 
scientific and technical societies, and mathematics teachers' 
associations within the various provinces. This press release gave 
quite a detailed account of the Mathematics Study, and invited 
submissions from any individuals or groups who cared to express their 
views on the role of the ~illthematical Sciences in Canada today. In 
particular, professional societies and teachers' associations were 
urged to publicize the study among their members in order to make 
sure that no one would be denied the opportunity of learning about 
the study and participating in it. A small but significant number of 
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delineate the 
society. The 
ground and no 
inadequacies. 
to obtain some 

total role of mathematics in a modern technological 
Directors of the Study therefore had to break new 
one will be more aware than they are of its many 
In order to gain insight into the actual situation and 
idea of how the creators and users of mathematics 
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~etters and briefs were received as a result of this initiative, 
mostly from teachers and educators. 

We asked university deans to furnish the names of people in 
various departments who were particularly concerned with the impact 
of the r~thematical Sciences in their disciplines. These individuals 
were then contacted by letter and asked to express their views in 
response to the five following questions: 

(a)	 What kinds of mathematics are currently being used in your 
discipline, and how are they being used (at the under
graduate, graduate and research levels)? 

(b)	 To what extent is mathematics likely to influence your 
discipline in the future, and in what general direction? 

(c)	 Are students in your discipline currently acquiring the 
necessary mathematical tools, skills, and attitudes? Are 
there any notable omissions of content or inadequacies of 
approach in mathematics education? (Some indication of 
"core content" and "key skills" would be helpful.) 

(d)	 \Vhat practical mechanisms can you suggest to facilitate 
cooperation with mathematicians in matters of curriculum 
design, joint research, interdisciplinary seminars, etc.? 
To what extent are these desirable goals? 

(e)	 What are the chief obstacles (administrative, financial, 
academic, professional, etc.) preventing fuller cooper
ation between mathematicians and users of mathematics? Any 
suggestions for improvements? 

The response to this initiative was very gratifying, resulting 
in about a hundred briefs and letters from physicists, chemists, en
gineers, economists, biologists, psychologists, educationalists, lin
guists, agriculturalists, medical researchers, and so forth. Almost 
without exception, these submissions reflected a deep concern for the 
subject which went far beyond the preceding five questions. There 
was near unanimity that mathematics could be used more wisely and 
more effectively if there were closer ties between mathematicians and 
users of mathematics. Time and time again, the vital importance of 
attitudes was emphasized: attitudes on the part of students, on the 
part of mathematicians, and on the part of users of mathematics. As 
one correspondent said, "~.J'ithout a change in attitude, it is 
difficult to see how progress can be made. Current attitudes that 
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·scientists have of mathematicians need to be changed. A genuine 
interest on the part of mathematicians for the problems of science 
would help to change them." 

(ii) Eight Seminars 

A series of one-day seminars was also organized to bring to
gether mathematicians and managers from universities, community col
leges, business, industry, and government, in order to discuss mat
ters of common concern. Two of these seminars were of a general 
nature, one was focussed on the transportation industry, another 
dealt with mathematics in the resource industries, while still 
another concentrated on financial institutions and management consul
ting firms. The remaining three were devoted to the role of the 
}futhematical Sciences in the Federal Government, under the following 
three headings: lfuthematics and Policy Planning, Mathematics Stat
istics and the Environment, Mathematics and Technology. At each 
seminar, the participants were divided evenly between academics and 
non-academics, and the discussion was directed to the following 
topics: 

(a)	 the suitability of post-secondary mathematical education 
for purposes of non-academic employment; 

(b)	 personal qualities and professional qualifications which 
are sought after in the hiring of mathematical scientists 
for non-academic work; 

(c)	 present and future manpower needs in various areas of 
mathematical expertise; 

(d)	 the desirability and feasibility of fostering inter
changes of personnel or joint projects between Departments 
of Mathematical Science and mathematically intensive 
organizations; 

(e)	 prospects for continuing education in college-level mathe
matics for managers and for mathematical practitioners. 

In order to make these seminars as instructive and as relaxed 
as possible, each contingent was asked to prepare a written brief in 
advance which could be distributed to all the other participants. 
This took a good deal of the pressure off the meetings themselves, 
and the resulting briefs (some of which were surprisingly detailed 
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and ambitious) were included as part of the proceedings which were 
circulated for each of the eight seminars. 

The proceedings of the three Ottawa Seminars were edited by Dr. 
Gordon Edwards and were issued by the Science Council of Canada in a 
limited edition under the title Mathematics in Today's World (XXV 360 
pp.). This report exhibits the kind of mathematics and their ap
plications currently employed by the Federal Government. Copies of 
the report were deposited in libraries of the Federal Government and 
Canadian universities. The proceedings of the other five Seminars 
were edited by C.F.A. Beaumont and distributed privately. Their 
contents are summarized in Chapter III. 

Those who attended these events found them informative and 
thought-provoking. ~1any people hailed them as marking the beginnings 
of a dialogue that should have begun long before, and suggested that 
such meetings should be continued on a more regular basis. (Since 
they were mainly organized locally and hosted either by a university 
or by industry, it should be possible to replicate these seminars 
manyfold by local initiative.) Despite great differences in detail, 
the same fundamental points were raised independently in one seminar 
after another: the use of mathematics is definitely on the rise, and 
the main obstacle to its more effective use can be found in the 
attitudes which people have inherited from the past. Managers are not 
used to taking a scientific approach to problem solving, and they 
will often sacrifice long-term gains for the sake of short-term 
expediency by not providing a proper atmosphere for research and 
development. Mathematics graduates are not used to coping with 
unstructured problems, working with messy data, obtaining approximate 
solutions, and communicating with people who are mathematically 
illiterate, which greatly hampers their usefulness on the job. Mathe
matics teachers have little or no experience in teaching the kind of 
mathematical thinking that is needed for coping with problems which 
arise in business, government and industry, and this prevents them 
from preparing their students for the possibility of non-academic em
ployment. En~loyers of mathematicians are often too impatient to 
wait for results because they do not understand the difference be
tween a scientist and a technician; as a result, they may be unwil
ling to take the time and effort to provide thorough on-the-job 
training as a sound investment in the future. 

Such habits of thought are hard to change, but as long as there 
is a dialogue taking place, the prospects are hopeful. The real 
significance of the industry seminars held in conjunction with the 
Mathematics Study is that people on all sides have proven that they 
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are willing to engage in such a dialogue. Having established that 
much, the problem now is to keep the dialogue going. 

(iii) Visits 

During the fall of 1973, the study leaders visited 24 university 
campuses in Canada in order to explain the aims and objectives of 
the study to university mathematicians and users of mathematics. The 
importance of their involvement in the study was stressed, and they 
were urged to set up discussion groups for the purpose of producing 
joint briefs on particular topics of concern to the study. Because of 
the general lack of communication within the mathematical community, 
it was hoped that these discussion groups would help to bring about a 
more realistic and balanced overview of the current situation. If a 
problem is viewed from several different perspectives simultaneously, 
it sometimes happens that spurious impressions and simplistic ap
proaches will be more easily identified and discarded. Several dis
cussion groups did materialize, resulting in a good number of sub
stantial, well-reasoned briefs on the present and future role of 
mathematics within the academic community. In addition, a large num
ber of individual submissions were received from university mathe
maticians on many different topics, including the undergraduate 
teaching of mathematics, the dangers of over-specialization, the need 
for diversification of nmthematical activities, the plight of mathe
nmtics graduates who are unable to find employment, and possible 
mechanisms for change. Virtually all of these briefs accepted the 
need for university mathematicians to become more involved in the 
applications of mathematics, and many of them expressed profound 
concern over the isolationism which was the de facto policy of most 
lfuthematics Departments in the recent past. Judging from the views 
expressed in these briefs and in the industry seminars, it is quite 
clear that there has been a substantial change of attitude among 
university mathematicians in the last few years. l1any pure mathe
maticians who have no particular interest in applications would 
welcome alternative policies, provided that their own freedom to 
pursue mathematical research for its own sake is not seriously 
impaired. 

Visits were also paid to mathematically-intensive organizations 
in various regions of Canada, and interviews were conducted with top 
adninistrators and mathematicians operating in a supervisory capa
city. The most striking feature of these interviews was the wide
spread belief that mathematics graduates are not necessarily the best 
candidates for non-academic mathematical employment. There is a 



growing demand for people with mathematical skills, but most employ
ers seem to prefer hiring people who have a background in some other 
discipline and who have picked up their mathematical knowledge along 
the way. Additional visits and interviews were conducted at high 
schools, community colleges, boards of eduation, and provincial 
Departments of Education. 

(iv) Questionnaire 

A five-page mathematics questionnaire was sent to all graduates 
from Canadian Universities in the Hathematical Sciences in certain 
selected years. As a means of further publicizing the study and ob
taining comparative information, the questionnaire was also mailed to 
members of the six sponsorsing societies. This questionnaire, which 
is reproduced in Appendix I, was a main data-gathering device used by 
the 11athematics Study. There were 3,231 usable returns. Of these, 
1,830 were from Canadian university graduates, representing a 29.6% 
response rate. The remaining 1,401 resulted from the mailing to mem
bers of the sponsoring organizations, but because of overlapping mem
berships (one individual received 5 copies of the questionnaire), the 
response rate cannot be estimated with any accuracy but was at least 
20%. These response rates may be compared with the typical 5%-10% 
characteristic of commercial market surveys and 35%-80% common for 
Statistics Canada surveys for which the citizens questioned are le
gally obligated to respond. 

The Study had neither the resources nor the time to make a defi
nitive statistical enquiry into the role of the mathematical sciences 
in Canada. We strongly warn readers to avoid making large and sweep
ing generalizations solely on the basis of the results of the Ques
tionnaire reported in Appendix I. The ~lathematics Study Question
naire should be regarded as a pilot-study on the basis of which it 
may be decided that more specific and statistically sounder future 
surveys are called for. Even so, these results are quite striking in 
certain respects and will be of interest to anyone seriously concern
ed with the teaching and/or use of mathematics in Canada. They rep
resent a first - and therefore in itself interesting - reconnoitre of 
the Canadian mathematical "universe". 

When one considers that the direct costs to the Study of 
printing and distributing the questionnaire and analyzing the res
ponses was less than $7,000, it is clear that the effort was most 
worthwhile. It gives us the opinions of 1,830 graduates of Canadian 
mathematics programmes about the education they received. It also 
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'provides a sampling of the wide variety of places in Canadian society 
where persons with mathematical training are to be found. 

Though we cannot be certain that the 1,830 respondents consti
tute a random cross-section of all graduates of the mathematics 
programmes of Canadian universities, there are two pieces of evidence 
suggesting that they are. As can be seen in Appendix I, the distri
bution of opinions over respondents from different graduating years 
appears to be remarkably stable. This provides some internal 
evidence of the reliability of the results. However, much more 
significant, in our opinion, is that the views expressed by the 
respondents to the questionnaire agreed, on the whole, with views 
that were pressed upon us again and again in Seminars, briefs and 
letters. 

Estimating Manpower Needs 

Less than one month after the Study got underway, we recognized 
that it would be impossible to achieve the original third objective 
of the Study in any meaningful quantitative sense. To estimate the 
supply and demand for mathematical manpower requires a satisfactory 
definition of the term "mathematician" in a non-academic context. Is 
every statistician to be regarded as a mathematician, even though his 
work may involve nothing more than routine regression analysis? If 
not, then where do you draw the line? How do you determine which 
computer programmers are using a significant amount of mathematics in 
their jobs? On what basis do you decide whether or not a scientist 
who is engaged in mathematical model-building should be called a 
mathematician? Should mathematicians be defined in terms of their 
education or their work, or both? These difficulties, which are for
midable enough by themselves, are compounded by the fact that compa
nies and government departments do not usually classify their employ
ees as "mathematicians", even if they are doing work of a highly 
mathematical nature. Job classifications are more often based on the 
kind of problems which arise than on the tools that are used to solve 
them. The result is that most large organizations, even if they are 
mathematically intensive, are not really in a position to say how 
many mathematicians they have working for them. Figures which are 
supposed to represent the number of mathematical employees are often 
very misleading, because they are based on arbitrary labels which may 
not fit the situation well at all. 
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The Public Service Commission of the Federal Government is a 
case in point. They have introduced a new Mathematics Classification 
which is supposed to include all employees of the federal government 
who are concerned with developing and applying mathematical methods 
at a suitable level of sophistication. As of October 1, 1973, there 
were exactly 109 employees in this category, almost all of whom were 
statisticians. Nevertheless, a computer search of the DATASTREAM 
records maintained by the Public Service Commission revealed the fol
lowing facts (as of September 18, 1973): 

1.	 1,526 federal employees indicated that they have at least a 
master's degree in mathematics. 

2.	 1,306 federal employees used the word nmthematics in 
describing their past and/or present field of work. 

3.	 328 federal employees indicated that they have at least a 
master's degree in mathematics and used the word mathe~atics 

in describing their past and/or present field of work. 

DATASTREAM does not cover all federal employees and subsequent 
investigations of selected government departments have succeeded in 
confirming our suspicion that some of the most significant pockets of 
mathe-matical activity in the federal government are not yet represen
ted in the new Mathematics Classification. In fact, one PhD mathe
matician in the federal government (who is not classified as a mathe
matician) confided that most people in his position would rather not 
be labelled as a "mathematician", for reasons of prestige and 
salary. 

Another cautionary experience was obtained when Bell Northern 
Research was asked to supply information concerning its mathematical 
employees. In the course of a two-hour interview, the study leaders 
we r e told that "Mathematics is very important at BNR, but mathemati
cians, as such, are not. We have not had much luck with mathemati
cians in general; the real successes are engineers who have done 
some graduate work in mathematics." In this context, the term 
"mathematics" clearly refers to the person's educational background 
in mathematics. However, the BNR University Liaison Officer, Robin 
R. Jackson, kindly undertook to prepare a list of employees at BNR 
who are actively engaged in work of a highly mathematical nature, 
including all their university degrees and fields of specialization. 
It was then discovered that 76 out of 126 had degrees in mathematics 
(excluding degrees in computer science). Two of these had doctorates 
in mathematics, 26 had master's degrees in mathematics, and the re
maining 48 had bachelor's degrees in mathematics (frequently accom
panied by a higher degree in another discipline). Mr. Jackson con

.. 
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"fessed that he was quite surprised to discQver how many mathematics 
graduates there were at Bell Northern Research, It may well be that 
the enviable world-wide reputation enjoyed by BNR for the sophis
tication of its research and development is largely due to the 
mathematical competence of its staff. 

These experiences, which are not atypical, convinced us that 
questions addressed to personnel officers concerning the number of 
mathematical employees within their organizations would likely meet 
with very erratic responses. The problem is that there is no 
accepted definition of what a wBthematician (or a mathematical 
scientist) should be - not only among managers and executives, but 
even among mathematicians themselves. For instance, an applied 
statistician may actually resent being called a "mathematical 
statistician", because that term suggests to him a certain esoteric 
and highly theoretical brand of statistics which is quite unlike the 
practical work which he does. Indeed, many practically oriented 
mathematical scientists are extremely reluctant to allow themselves 
to be described as mathematicians. Apparently, the word 
"mathematican" has become associated in people's minds with the 
academic, the theoretical, or the incomprehensible. 

But even if the term "mathematician" were scrupulously defined 
in advance, and carefully purged of any ivory tower connotations, the 
personnel office would still be hard-pressed to interpret the defini
tion correctly in each individual case. Personnel records are not 
designed to separate mathematicians from non-mathematicians. Attempts 
to obtain manpower information of this kind from several branches of 
the federal government demanded an inordinate effort from the indi
viduals involved. 

Because of these vexing problems of definition and interpreta
tion, all of the existing data concerning the non-academic employment 
of mathematicians in Canada is of very questionable validity. For 
example, in the 1971 Canadian Census, mathematical employees in gov
~rnm6nt and industry could have shown up in anyone of three group
lngs : 

1.	 Mathematicians, Statisticians, and Actuaries. 

2.	 Systems Analysis, Computer Programming, and Related 
Occupations. 

3.	 Occupations in Mathematical Statistics, Systems
 
Analysis and Related Field, (not elsewhere
 
classified).
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These categories are not exclusive, not exhaustive, and not 
homogeneous in composition. Further, since the respondents are asked 
to describe their work in their own words, it depends entirely upon 
clerical interpretation whether or not a given mathematical employee 
will eventually end up in one of the three categories specified 
above. In the fina1 we will hopefully be able to present

7edition 
some of the results related to the Mathematical Sciences of the 
Highly Qualified Manpower Post Censal Survey (1973) conducted by 
Statistics Canada on behalf of the Ministry of State for Science and 
Technology. In particular, we expect to illustrate the kinds of 
problems encountered in the interpretation of the results related to 
the non-academic mathematical occupations. 

Attitudes in Process 

During the course of the Study we were both surprised and 
greatly heartened by the cooperation we experienced and the interest 
with which we were received on nearly every hand. We quickly gained 
the feeling that everyone in Canada regarded the Mathematics Study as 
most opportune: parents struggling with the "New Haths"; managers 
in industry and government coping with the computer revolution; 
school teachers concerned about the choice of curriculum and teaching 
methods; mathematics professors wondering how to improve their 
service courses, or distressed that their PhD students were unable to 
find positions; workers in the physical, life and social sciences 
who know that they need more powerful mathematical tools but find 
formidable obstacles in communicating with academic mathematicians. 
Of course, nearly all engineers are convinced that they can teach 
mathematics better than any mathematics professor! We met a farmer 
who has taken his nine-year old son out of school in order to teach 
the boy mathematics himself since he regards the inculcation of a 
love for and command of mathematics as the absolutely crucial element 
in a sound education. And, as we had anticipated, every mathematics 
graduate was eager to tell us how his undergraduate program could 
have been vastly improved! 

Many pure mathematicians who specialize in the more esoteric 
branches of their subject feel somewhat threatened today for a varie
ty of reasons. Because of the auspices of the present Study, we 
rather expected to be greeted with suspicion even hostility - in 
rfuthematics Departments. To his surprise, the Director of the Study 
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encountered a mere suggestion of such an attitude in only two o~ the 
twenty-one Departments he visited. Perhaps this Report will evoke a 
stronger reaction. 

The literary deposit of the Study is approximately 300 letters 
and briefs, reports of the eight Seminars and eleven computer tapes 
on wh~ch have been encoded the results of the Questionnaire. 
These contain much more information than we can hope to report 
in the following chapters. We shall be able merely to sketch the 
highlights of the huge input to the Study. At the same time, we 
shall fonnulate the conclusions to which we have been led concerning 
the chief obstacles and opportunities which face all of those who are 
concerned that the mathematical sciences should flourish in Canada 
and contribute effectively to the common good. 

We gladly anticipate that our opinions and conclusions will be 
challenged. A vigorous responsible debate will further the process 
of mathematical-consciousness-raising to which we believe the Study 
has already given some little impetus. 

References to Chapter I 

1.	 Press Release, Science Council of Canada, August, 1973. 

2.	 The Committee consisted of -R. Adams (University of British 
Columbia), C.F.A. Beaumont (University of Waterloo), A.J. Coleman 
(Chairman; Queen's University at Kingston), G. Sabidussi (Uni
versite de Montreal). 

3.	 Mr. Fred Miller was the representative of the Science Council 
who, in collaboration with Dr. Pierre Charbonnier, in June 1972, 
prepared a feasibility report for a study of the Mathematical 
Sciences. Mr. Miller of COMINCO (one of the world's leading 
producers of lead, zinc, silver, fertilizers, etc., and also of 
fabricated metals), and Dr. Charbonnier of the Federal Department 
of Energy, Mines and Resources, had both been seconded to the 
staff of the Science Council to work on background studies which 
were subsequently released under the title Canada's Energy 
Opportunities. 

4.	 The Science Council Report No. 17 was entitled Lifelines: Some 
Policies for Basic Biology in Canada, (1972); Background Study 
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No.2, Physics in Canada: Survey and Outlook, was written by a 
Study Group of the Canadian Association of Physicists headed by 
D.C. Rose (1967); Study No.9, Chemistry and Chemical 
Engineering: A Survey of Research and Development in Canada, was 
written by a Study Group of the Chemical Institute of Canada 
(1969); Study No. 13 dealt with Earth Sciences Serving the Nation 
(1971); and Study No. 18 entitled From Formalin to Fortran: 
Basic Biology in Canada was written by P.A. Larkin and W.J.D. 
Stephen (1971). 

5.	 The Mathematics Study is indebted to Doug Pearce of the Public 
Service Commission for making this information available. 

6.	 Occupational Classification Manual, Census of Canada, 1971, Vol. 
l; which is based on the Canadian Classification and Dictionary 
of Occupations, Information Canada, Ottawa. 

7.	 The H.Q.M. results have been tabulated by Statistics Canada in 
January 1975, but the Ministry of State for Science and 
Technology still awaits an acceptable Reliability Report before 
it will authorize public release. It is hoped that the data will 
be available in time for the final edition. 

8.	 All this information is in the custody of the Science Council of 
Canada and is available for study by responsible persons. It 
provides a considerable body of research material suitable for 
~llister's or Doctor's theses in sociology or education. The 
results of the Questionnaire are coded for processing by SPSS. 
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Chapter l1 

The Mathematical Ecosystem 

'~uclid and Archimedes Were undoubtedly supreme 
thinkers~ and mathematicians have been able to reach 
further only because~ as Newton said~ they stood on the 
shoulders of such giants. Nevertheless~ it is in our age 
that mathematics has attained its range and its 
extraordinary applicability. Present day Western 
Civilization is distinguished from any other known to 
history by the extent to which mathematics has influ1nced 
contemporary life and thought." - C.F.A. Beaumont 

In this chapter, we attempt to place the current mathematics 
situation in historical perspective, to depict the crisis which 
confronts the mathematical sciences in Canada, to draw an analogy 
between a complex ecosystem and the varied branches and outposts of 
mathematics, and to announce the principal themes of the subsequent 
development. 

Mathematics Exploding 

Isaac Newton invented the Calculus in 1665. Modern history 
began! 

The reader may protest that Newton's discovery was only possible 
because of the work of Wallis and Barrow, of Euclid and Pythagoras. 
True. He might also argue that the modern world was the result of 
the Renaissance in Italy, or that it was shaped by a wide variety of 
political and economical forces. Many such considerations could be 
advanced with great cogency. Yet Alexander Pope's famous couplet 
asserts 

"Nature and nature's laws lay hid in night:
 
God said, Let Newton be! and all was light."
 

It was Newton's mathematical explanation of the motion of the 
planets which seized men's imagination and unleashed the development 
of what we now refer to as "Newtonian mechanics" which was basic for 
the creation of modern technology leading, in our age, to air travel 

•
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and space-ships. The Calculus of Newton and Leibniz~ extended and 
refined by Gauss, Stokes and many others, was used by l1axwell to put 
electricity and magnetism on the firm theoretical basis which made 
possible the advent of the electric age: radio, TV, radar, high-power 
transmission lines and electronic computers. 

Before 1900 only a few scientists and engineers were conscious 
of the key role which mathematics was playing in the technological 
process of Western society. The only math~natics visible in everyday 
life was the arithmetic of finance and the geometry of design. The 
role of mathematics in business, in industry, in government, in the 
biological sciences or in the social sciences, could have been un
derstood by anyone with a good grounding in the basic skills of ad
dition, subtraction, multiplication, division, and measurement. 
Only a handful of technical specialists engineers, actuaries, 
physicists, and mathematicians felt the need for more advanced 
mathematical concepts and methods. 

Today the situation is very different. There has been an ex
pansion of mathematical activity during the last forty years, affect
ing an extraordinary range of human activities. These include econ
omic policy planning, manufacturing and advertising, urban planning, 
agricultural and medical research, geological exploration, the be
havioural sciences, genetics, and ecology - not to mention such un
likely fields as anthropology, archaeology, and linguistics! The in
fluence of mathematics has never been so pervasive or so subtle as it 
is today. 

Most of the major theories of physics- particle mechanics, fluid 
dYnamics, electricity and magnetism, elasticity and plasticity, 
relativity theory, quantum mechanics; and many others - have develop
ed so far along mathematical lines that they have acquired a mathe
matical character all their own. These branches of theoretical 
physics, taken together in their present mathematical formulations, 
comprise what is known as Classical Applied lfuthematics or Mathemat
ical Physics. Twentieth-century engineering developments have suc
ceeded in translating some of these sophisticated mathematical
physical theories into technological realities, including our pres
ent-day communications networks, nuclear weapons, aerospace tech
nology, and electronic computers. Meanwhile, many of the methods and 
insights of Classical Applied Mathematics find unexpected applicat
ions in new fields such as mathematical economics, biophysics and 
geophysics. 

L 
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However, in the present century, particularly since the la~t 

war, there has been rapid development of new mathematical methods 
suggested by such terms as Information Theory, Systems Analysis, 
Optimization, Decision Theory, Algorithmics, and Control Theory. 
Pervading all these new mathematical disciplines and their applica
tion is a widespread use of statistics, mathematical modelling and 
computers. 

Statistics is a mathematical science which draws heavily on the 
theory of probability (the mathematics of chance events) and linear 
algebra. It is mainly concerned with (a) collecting and 
processing data about large populations; (b) drawing inferences 
about an entire population based on the examination of carefully 
selected samples; (c) providing decision-makers with a scientifi
cally-based analysis of the relative probability of various possible 
outcomes of a situation which involves uncertainty. In recent times, 
statistical techniques of experimental design and significance-test
ing have come to play a vital role in almost all of the experimental 
sciences, especially in the biomedical and social sciences. A note
able example is provided by the carefully designed experiments in 
plant-breeding which enabled the Canadian Department of Agriculture 
to produce superior strains of wheat particularly suited to the Cana
dian climate. Statistical procedures are now used to control the 
quality of manufactured products, design surveys and interpret their 
results, study the effects of pollutants on public health, predict 
changes in traffic patterns, or estimate economic parameters for pur
poses of forecasting. Such applications of statistical theory have 
become important primarily in the last thirty-five years. 

Mathematical modelling is more of an art than a science. Its 
object is to represent the behaviour of a real-world situation by 
means of a carefully contrived mathematical description, usually 
referred to as a mathematical model. Such models may be simple or 
complicated, quantitative or qualitative in nature; either deter
ministic or probabilistic (in which case they are called "stochastic 
models"). They may use nothing more than simple algebra, or they may 
involve the most sophisticated mathematical concepts. The modelling 
approach has dominated the development of theoretical physics from 
the time of Newton to the present day. Only in recent times has 
mathematical modelling been applied to problems arlslng in manage
ment, in the life sciences, and in the study of human behaviour. The 
field of operations research, which came into being during the Second 
World War, makes extensive use of mathematical modelling techniques 
in order to aid managers to solve problems of decision and control, 
particularly those involving the movement and allocation of goods and 
services within large systems. 
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The usefulness and importance of both statistics and mathemati
cal modelling has been greatly enhanced by the electronic computer, 
which has had an enormous impact on many facets of modern society. 
Large tracts of pure mathematics which previously were only of theo
retical interest have suddenly become of great practical service
ability because of the existence of computers. Using the computer's 
powers of data storage and manipulation, a mathematical approach has 
been taken to thousands of problems which simply could not have been 
dealt with previously. How could the businessman think effectively 
about the best method for inventory control, when he did not even 
know (and could not even guess) how the inventory was actually chang
ing from day to day? How could the biologist study the effects of 
environmental changes on a complicated ecological system composed of 
several interacting species, when neither the variations in the en
vironmental factors nor the fluctuations in population levels could 
be computed? Who could have imagined that weather forecasting would 
be achieved through a detailed study of the entire atmospheric fluid 
on a global scale, when the capacity for carrying out such a project 
was completely unthinkable? These are just a few examples of practi
cal problems which have suddenly become susceptible to mathematical 
treatment, thanks to the computer. 

The Core 

This extraordinary development of the mathematical sciences has 
emerged from the central body of abstract thought traditionally re
ferred to as "pure mathematics". In the twentieth century this 
central core of abstract mathematics has been growing very rapidly. 
The men and women who are forcing back the frontiers of pure mathe
matics today are exploring the wonders of mathematical structures 
that no one dreamed about a hundred years ago. Such mathematical 
researchers are usually far removed from the world of practical ap
plications, absorbed in the contemplation of abstract mathematical 
systems of great beauty and subtlety. To such people, mathematics is 
an evolving art form whose medium of expresion is not words or sound 
or pigments, but thoughts. Results in pure mathematics are not jud
ged by their utility, which is usually unknown, but by criteria of 
logical consistency and overall craftsmanship. Even if some of them 
are ultimately "useless", they will surely find a place alongside our 
most valued cultural possessions. Yet history has taught us the 
truth of A.~J. vJhitehead's famous judgement "The paradox is now fully 
established that the utmost abstractions are the true weapons with

3
which to control our thought of concrete fact." 
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Indeed, it is striking that many of the practical mathematical 
tools of today were first developed without reference to possible 
uses outside of mathematics. The English mathematician, Cayley, 
firmly believed that matrices, those rectangular blocks of numbers 
which he studied in the mid-nineteenth century, would never be 
applied to anything useful. They are now an everyday working tool of 
engineers, physicists, economists, statisticians and behavioural 
scientists. Complex numbers, involving the "imaginary" square root 
of minus one, were at first regarded as mere mathematical whimsy. Now 
they play a crucial role in the theories of fluid dynamics and 
electrical circuits. Group theory, used by Galois in the early 
nineteenth century as a means of studying mathematical symmetries 
associated with the solutions of polynomial equations, has subse
quently found significant applications in the study of subatomic par
ticles, in crystallography, in information theory, in photochemistry, 
and in the elucidation of certain complicated marriage systems stud
ied by anthropologists. Non-Euclidean geometry, one of the great 
triumphs of abstract logical thinking, was a forerunner of Einstein's 
celebrated physical theories, which imply that the universe we live 
in is "curved" in the sense that parallel lines do not remain equi
distant when extended into space. Graph theory, the mathematical 
study of abstract networks, was considered a rather esoteric kind of 
pure mathematics until recently when it was applied to problems in 
transportation, communications, urban planning, electrical networks 
and sociology. Graph theory is now studied either as pure mathe
matics or as applied mathematics, depending on one's point of view. 

The Mathematical Sciences 

The explosion of mathematical knowledge which has taken place in 
the twentieth century, coupled with the dramatic expansion in the 
range of possible applications, has splintered the mathematical com
munity into a large number of more or less independent disciplines. 
Collectively referred to as the Mathematical Sciences, these disci
plines are categorized under the main headings of Pure Mathematics, 
Applied Mathematics, Statist~cs, Operations Research, Actuarial 
Science, and Computer Science. 

Each of these major categories is further subdivided into 
specialties and subspecialties. For example a statistician who is 
helping to plan scientific experiments may have little in common with 
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·other statisticians who are designing surveys, making economic fore
casts, or building stochastic models. Similarly, an applied mathe
matician who is studying shock waves in fluids may know very little 
about other branches of mathematical physics, and nothing at all 
about mathematical economics or mathematical biology. The mathemat
ical aspects of computer science range all the way from basic numeri
cal analysis to sophisticated theories of computer languages and 
artifical intelligence. Operations Research also takes in a large 
territory, ranging from standard optimization procedures to mathemat
ical game theory and cybernetic control. Even Actuarial Science, 
which has been concerned with the mathematics of investment and 
insurance for hundreds of years, and which has so far resisted the 
modern trend toward ever-increasing specialization, is beginning to 
branch out in a number of new directions. And the grandmother of 
them all, Pure Mathematics, has succeeded in producing so many off
spring that no one can possibly keep track of them. 

"Our intellectual wealth is becoming truly embarassing. 
The mathematical universe is already so large and diver
sified that it is hardly possible for a single mind to 
grasp it~ or~ to put it another way~ so much energy would 
be needed for grasping it that there would be none left 
for creative research. A mathematical congress of today 
reminds one of the Tower of Babel., for few men can profi
tably follow the discussions of sections other than their 
OUJn~ and even there they are sometimes made to feel like 
strangers." 

Those words were perfectly true when George Sarton wrote them in 
1936, and they are even more appropriate to today's situation. 

Despite this fragmentation into sub-specialties, which has been 
so characteristic of modern science, a rather remarkable process of 
integration and unification has been taking place at the core of 
mathematics during the last few decades. This development is il
lustrated most clearly by the \Jork of Nicholas Bourbaki. Bourbaki 
served as a general for the French in the Franco-Prussian war and 
surrendered 10,000 troups to the combined militia of Geneva and 
Lausanne! The word "bourbaki" used to occur in a joke which the 
sophomores of the Ecole Normale Superieure played on the freshmen. It 
was assumed as a collective name by a group of young French mathema
ticians in the mid-thirties who bound themselves into a disciplined 
secret society which set out to write a definitive treatise on the 
Elements of Mathematics. In so doing they isolated a few mathema
tical concepts, such as algebraic or topological structure, and used 
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"them to effect an extraordinary unification of the core of mathe
matics which brought previously diverse parts of mathematics into 
much closer relationship and gave them new and deeper signifi
cance. Although none of the founding fathers still belong to the 
group, Bourbaki lives on and has been actively writing, constantly 
revising "his" treatise. Presumably Bourbaki will continue to pro
duce as loag as France remains a major mathematical power. Nicholas 
Bourbaki is one of the most fascinating and significant phenomena in 
the whole history of science. 

The Crisis 

"It was true dui-inq anci en t times~ it was true 
during the Renaissance~ it was true during the lifetime 
of Newton~ Leibniz~ Euler~ Gauss~ Lagrange~ Laplace~ and 
Cauchy~ it was true during the era studded with the names 
of Hamilton~ Riemann~ Cantor~ Hilbert~ Lebesgue and 
Poincare~ and it is still true today that mathematics 
represents the supreme achievement of the human 
intellect~ the triumph of logic over science by 
mathematically-based methodologies. And yet~ there 
are many observers~ some within mathematics and some 
like myself - on its fringes~ who feel that mathematics 
is in a state of deep crisis which calls into question 
her ability to survive for long as the queen of sciences. 
This may sound unduly alarmist and pessimistic. Perhaps 
it is. Be that as it may~ I believe that mathematics 
will not be able to weather the stormy waters which she 
ha~ ente~ed without a pr~found change in her aims and 
or~entat~on. - A. Zadeh 

Our description of the recent vigorous development of the mathe
matical sciences and their applications might lead one to conclude 
that mathematics is in a very healthy state. In over two thousand 
years of its history, it has never been in a more creative or more 
productive phase. Nonetheless, there is a widespread feeling within 
and without the mathematical comunity that all is not well. The very 
diversity of modern mathematics has created extraordinary problems of 
communication and coordination. Signs and portents of this which 
became explicit during the Study can be summarized as follows. Most 
of them appear in other Western countries as well: 
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-though our civilization is largely based on mathematics, most 
Canadians profess to have no real understanding of mathematics and 
consequently feel uneasy when faced with a mathematical argument. 

-there is widespread dissatisfaction with the teaching of mathe
matics in the schools; the "New Hathematics" confuses many parents 
and teachers; there is a measurable decline in computational skills; 
many university professors assert that first-year students in 
engineering and science are inadequately prepared in mathematics. 

-the graduates of university mathematics programs are criti
cized by managers in industry and government for their inability to 
comnmnicate with non-mathematicians, to work cooperatively with 
others, or to tackle unfamiliar problems with zest and courage. 

-in the last three years many PhD's in mathematics have failed 
to find employment which they considered suitable; this has caused 
consternation among their professors and has cut the nerve of many 
programs of graduate study which until recently were in exuberant 
expansion. 

-the widespread discussion about science policy, typified by the 
Senate Committee on Science Policy, has raised questions about the 
allocation of funds between research and development; these ques
tions cause anxiety among the many academics whose main raison d'etre 
has been to do research in abstract mathematics. 

-the users of mathematics in the other sciences, in engineering, 
in business and government, whose need of mathematics has been 
steadily escalating complain that the mathematical community is 
closed and unresponsive to their pleas for help. 

At first sight, it seems very difficult to encompass all of 
these considerations within a single context. ~'Jith so many different 
people working in so many different areas of research and applica
tion, it is not surprising that the mathematical community seems 
somewhat "disintegrated" at t Imes I Most of its members, scattered 
about in a wide variety of working environments, see only a tiny 
portion of the universe of mathematical activity, and they plan and 
act accordingly. Each group has its own problems, and its own ob
jectives. Members of different groups seldom corne into direct pro
fessional contact with one another. ~f.hat is it, then, that binds 
them together? And where is that community of interest that allows 
us to speak of a "mathematical community"? 
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The Mathematical Ecosystem 

Perhaps an analogy would be useful at this point. Think of an 
ecosystem, involving many different species of plants and animals 
interacting among themselves and with their physical environment. An 
ecosystem is a vibrant, organic, interactive process. The different 
species are interdependent in many different ways, but primarily by 
means of food chains and food webs which can be extraordinarily 
subtle and complicated. If anything is allowed to destroy these food 
webs, the entire ecosystem suffers. 

Similarly, in the modern world, there are many different kinds 
of people who are professionally concerned with mathematics 
teachers, researchers, and users of mathematics of many different 
types. These are the different species within our "Mathematical Eco
system". They are linked together not by nutrition, but by ideas and 
information. Instead of a food web, we have a communications net
work. r1oreover, the health of the entire Mathematical ecosystem 
depends critically on the proper functioning of this communications 
network. As one of our correspondents wrote: 

"I believe that a central problem in science everywhere, 
and particularly of mathematics in Canada, is one of com
munication. This is a question not only of facilities 
for publication, but also of the means by which mathe
matical ideas are spread and retrieved at all levels, 
from the most advanced research to teaching in the ele
mentary schools. The efficiency of this information 
system is one of the most important factors that will 
determine the future of Canadian mathematics." 

As we shall see, the communications network in mathematics involves 
more than just information. It involves the transmission of attitu
des and values as well. 

The remainder of this chapter is devoted to a brief description 
of the five main components of the Mathematical Ecosystem, which we 
identify as follows: 

(i) Schools - Elementary and Secondary 
(ii) Community Colleges 

(iii) University Mathematics Departments 
(iv) University Science Departments 
(v) Environment - Business, Government, Industry. 
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Particular attention will be paid to the linkages between these 
five components in terms of the communications network mentioned 
above. 

(i) Schools 

It is in elementary school, that children form their first im
pressions of mathematics as a separate discipline - impressions which 
are often so deeply etched in their minds as to stay with them for 
the rest of their lives. l1athematics is seen by a few as a handy 
tool as well as a source of pleasure and satisfaction, but too 
frequently, children are intimidated, confused, or frightened by 
their experience with mathematics in school. Negative attitudes 
acquired at this early stage will constitute an enormous obstacle to 
the effective and sensible use of mathematics throughout their 
lives. 

Only too often the teachers themselves had difficulty with 
mathematics when they were young and developed an aversion for the 
subject - particularly if it was taught to them as an endless cata
logue of dry, boring topics, devoid of any human interest. Such 
feelings in a teacher are, almost inevitably, transmitted to the 
children. So these attitudes are propagated from generation to gen
eration. ~ve suffer from the effects of a positive feed-back loop! 

Elementary school teachers, who have always had to teach basic 
arithmetic whether they liked it or not, are nowadays supposed to 
help their pupils achieve an understanding of many things which they 
themselves never really understood. They are asked to teach arith
metic in different number systems, to use the language and concepts 
of set theory, and to introduce the rudiments of algebraic manipu
lation and geometric construction - while ensuring that their pupils 
still learn all the ordinary arithmetic skills! A tall order indeed, 
especially since there is a great deal of confusion among teachers as 
to the basic objectives of the new mathematics program which were in
troduced into the schools during the sixties. They would like to 
know why this particular kind of "mathematical understanding" is im
portant, and to whom. They could teach the subject better if they 
knew what they were supposed to accomplish. As it is, how are they 
to judge whether or not they are doing a good job unless they achieve 
some meaningful communication with the other components in the 
Mathematical Ecosystem? 
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In secondary schools, mathematics takes on a more formal fla
vour, as adolescents learn to wrestle with quadratic equations, con
gruent triangles, logarithms, coordinates, and trigonometry. For 
some students, these mathematical exercises are a fonm of mental 
yoga, and they thrive on it. Many others, however, find their high 
school encounter with mathematics a deeply frustrating experience. 
It never quite succeeds in engaging their imaginations. They can 
neither enjoy it as a thing in itself, nor can they relate it to 
anything else which the6 do enjoy. They believe that algebra and 
geometry are important , but only because they are constantly being 
told by their elders. They do not feel it in their bones. The only 
explanation they are likely to get is, "Wait and see; someday you 
will understand why these things are important". But they have no 
desire to wait and see. Many jest want to drop mathematics as soon 
as it seems safe to do so. 

In the past, when only a minute fraction of high school gradu
ates ever actually needed to make use of their mathematics (by becom
ing engineers, physicists, or mathematicians, for example), this 
state of affairs may have been tolerable. But times have changed. 
It is no longer possible to guess in advance which high school 
students might need to have a good grasp of fundamental mathematical 
principles, in order to pursue careers in transportation, commun
ications, manufacturing, agriculture, resource management, environ
mental studies, marine biology, cancer research, and economics. The 
far-reaching and revolutionary implications of this fact are only 
beginning to be felt at the high school level. 

Perhaps it is this appreciation by students or it is the pres
sure from their elders which explains an interesting observation in 
Ontario. Until a few years ago most high school students in Ontario 
were forced to study mathematics from Grade 9 through Grade 12. Ac
cording to the regulations of the Department of Education, mathemat
ics has been completely optional for the past five years. Many 
persons expected that there would be a sharp decrease in the number 
of students enrolling in mathematics. Such has not been the case. 
Indeed, if we count Computing Science as mathematics, in many schools 
the number of students taking mathematics has actually increased. 

Together with the growing understanding 7 of the importance of 
lTiBthematics in society there is a feeling that universal mathematical 
literacy should be one of the principal objectives of our whole 
school system - not just in terms of imparting basic mathematical 
skills, but also in terms of inculcating in every person an under
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'standing of how mathematical methods are currently being used (and 
abused) in science and in society, and what part they could play in 
the future. 

Too often mathematics in high school is treated as a "spectator 
sport" rather than as a creative intellectual activity. Too often it 
is presented as a self-contained subject, self-motivated and divorced 
from other fields of human endeavour. Too often the students' satis
faction is derived, not from the joy of intellectual insight, but 
from getting "marks". Teachers and students alike are moved to ques
tion the relevance and the purpose of much of what is taught. The 
followiag remarks taken from a letter addressed to the r1athematics 
Study by the Head of Hathematics at a small Ontario Collegiate, il
lustrate this concern: 

f.?1y feeling is that the present courses have been set up 
for able students headed to-wards pure mathematics. Most 
students are not headed in that direction. The courses 
should bear the majority in mind and core material should 
be simple enough to encourage them to bloom. In 
addition~ we believe that many bright students are bored 
due to the lack of practical type problems in the texts. 
As they progress through elementary and secondary school 
we feel that a very real effort should be made to include 
several problems that apply to the topics under 
discussion and that the students could feel came from 
their 'real world'." 

The desirable goal of universal mathematical literacy will only 
be achieved when teachers at the high school level are in 
communication with those who use mathematics in today's world the 
matheQatical practitioners - so that they can begin to breathe an air 
of practicality into their classroom teaching and regain the interest 
of some of their more skeptical students. 

(ii) Community Colleges 

The Community Colleges, in one form or another, emerged 
throughout Canada during the mid-sixties. Designed in part to pro
vide a post-secondary alternative to the university, these institu
tions vary widely in concept from province to province. 

In Quebec no one is allowed to enter a university without gradu
ating from one of the two-year CEGEPS (College d'Enseignement 
General et Professionnel), while in Ontario the concept of the 
CAAT's (College of Applied Arts and Technology) explicitly rejected 
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'the task of preparing students to go on to University, British 
Columbia has a system which combines features of both Quebec and 
Ontario in that students may enter university directly, or they may 
begin at a Community College and then transfer to university, or they 
may enroll in various other college programs as an alternative to 
university. 

It did not take long for Community Colleges to notice their 
students were having very high failure rates in mathematics. It was 
not just the formulae that they had forgotten; they had forgotten 
even the basic ideas on which the formulae were based. Perhaps they 
had never understood these basic ideas in the first place. They could 
not add and subtract positive and negative integers. They we~e un
able to work with negative or fractional exponents. They did not 
know how to get a common denominator in order to add two fractions. 

Because graduates from their technical programs try to find 
work as technicians in industry or in government, Community Colleges 
are usually careful to hire teachers who have some practical experi
ence. These men and women are just as aghast as their more theoret
ical colleagues at the lack of mathematical competence of so many of 
the incoming students, which goes hand in hand with their lack of 
mathematical confidence. Many colleges are making strenuous efforts 
to establish contacts with the secondary schools in their own areas, 
to bring the message home to the high school teachers. High school 
administrators, still sensitive to similar criticisms levelled at 
them by parents, are slow to admit that such a problem exists. But 
the facts speak for themselves and the truth is beginning to be ac
knowledged. Given the opportunity, many of the colleges would be 
quite eager to cooperate with the high schools in trying to tackle 
this problem. But first there has to be a reliable channel of com
munication established between them - another link in the Mathemat
ical Ecosystem. 

(iii) University Mathematics Departments 

Every university in Canada, indeed in most countries, has a 
Department of ~futhematics. There are, in addition, a large number of 
Computer Science Departments in Canadian Universities, together with 
a handful of Applied Mathematics Departments, and a very few 
Departments which are devoted to Statistics, Actuarial Science, or 
Operations Research. The University of vlaterloo has gone so far as 
to set up an entire Faculty of Mathematics with five constituent 
Departments: Pure lfuthematics, Applied ~futhematics, Combinatorics 
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and Optimization, Applied Analysis and Computer Science~ and 
Statistics. The Mathematical Sciences are typically housed in a 
single Department (the Mathematics Department), with two exceptions: 
Computer Science and Operations Research, which are, for one reason 
or another, largely ignored by Canadian tfuthematics Departments. 
Computer Science usually constitutes a Department by itself. Opera
tions Research is generally found in the Faculty of Commerce or the 
Faculty of Engineering. 

Normally, any of these departments will offer (a) a program for 
students specializing in the areas of particular competence of the 
Staff, and (b) a set of "service" courses for students whose primary 
interests are not in a mathematical science but who need some specif
ic mathematical topics as working tools or as background knowledge 
for the pursuit of their principal interests. 

Many observers of the mathematical scene in English-speaking 
Canada would agree that in the period 1930 to 1960 the University of 
Toronto was the dominant Department providing a paradigm by which 
other Canadian mathematics departments judged themselves and were 
judged by others. Consequently, the function described above under 
(a) absorbed so much time, energy and interest of the staff that in 
most universities little systematic attention was paid to function 
(b). The main sequence of undergraduate course offerings was 
designed to prepare students for graduate study, research and 
university teaching. In recent years the demand for mathematics 
teachers at all levels has been slackening off and many graduat~s 

find that their university training did not prepare them well for 
non-academic employment. rfuny recent PhD's in mathematics are unable 
to locate permanent jobs which would make good use of their eight or 
ten years of intensive study since high school graduation. In 
Mathematics Departments across the country, enrolments in honours 
programs and graduate programs are holding steady or even dropping as 
the job market tightens. Hathematics professors feel the need to 
establish better channels of communication with potential employers 
of mathematicians. 

But if the honours programs and the graduate programs are taking 
a bit of a beating, the service courses are booming as never before. 
Students of Physics, Chemistry, and Engineering are no longer the 
only ones who have to study mathematics as an integral part of their 
program. In almost all of the social sciences psychology, 
economics, political science, sociology, geography at least one 
course in basic statistics is essential, and courses in calculus, 
linear algebra, and computer science are strongly recommended. 
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Students of biology and medicine likewise feel the need to know 
something about college-level mathematics. 

Although people in other disciplines may have to learn mathe
matics in order to keep abreast of their fields, in the past students 
of mathematics were not forced to learn anything else but mathemat
ics. This is one reason why many user departments are now teaching 
their own mathematical service courses to their own students. They 
feel that professors of mathematics just do not know enough to be 
able to communicate effectively with their students. Unfortunately, 
they themselves often know so little mathematics that they end up 
presenting it to their students in a sketchy cookbook course which 
does not teach mathematical thinking. Wherever this type of 
situation occurs, students are short-changed. Clearly there needs to 
be more communication in both directions between members of the 
departments in the mathematical sciences and the professors in the 
"user" departments. 

It is now common-place to note that the advent of the electronic 
computer has greatly enhanced the possibility of making effective 
use of a wide variety of mathematical techniques. In the late 1950's 
and early 1960's many universities in North America created Depart
ments of Computer Science. Despite identity in name, these 
Departments differ considerably among themselves. Some concentrate 
almost exclusively on data processing, others are more concerned with 
computer technology (both hardware and software), and still others 
have a significant theoretical-mathematical component. Hints about 
the present orientation of a particular Computer Science Department 
can sometimes be gleaned from its genesis: did it develop out of a 
business school? an engineering faculty? a mathematics department? 
or did it come from two or three different directions at once? 

~fJhatever its origins, the Computer Science Department usually 
has little to do with the Mathematics Department, where standard 
courses in calculus, linear algebra, statistics and differential 
equations are often taught as if the computer did not exist. Indeed, 
many mathematicians seem to regard the computer as a glorified adding 
machine which carries no sigificant implications for the future de
velopment of mathematics. Numerical computation is deliberately 
avoided by such mathematicians as being less exact and/or less aes
thetic than the traditional methods of algebra and analysis. It is 
not surprising that computer science has developed as an autonomous 
discipline with its own characteristic approach to problem-solving, 
based on the concept of a recursive algorithm - a stepwise procedure 
which produces approximate numerical answers by performing a very 
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"large number of arithmetical operations in a repetitive pattern. 

The neglect of computation as an integral part of mathematics is 
already having unfortunate repercussions: (a) Students in service 
courses who are destined to use mathematics mainly (or only) in con
junction with a computer may have to relearn much of what they are 
being taught about higher mathematics in order to see whether it can 
be adapted to computer usage. (b) Because of their ignorance of 
computer methodology, students who are concentrating in mathematics 
will have added difficulties in obtaining non-academic jobs where 
they can make use of their mathematical knowledge. (c) Students who 
are more inclined towards mathematical research are not encouraged to 
speculate about a host of fascinating and important theoretical 
questions, ranging from the convergence and stability of numerical 
methods to the theory of recursive functions and the nature of 
artificial intelligence. (d) Meanwhile, existing difficulties in 
communications between mathematicians and users of mathematics are 
bound to get worse if mathematicians continue to ignore the computer, 
which has become the users' main tool in bringing mathematical think
ing to bear on problems arising in other fields. 

A very large proportion of computing time is devoted to statis
tical calculations. Indeed, statistics is probably as widely used 
and as importan§ for applications as computing. Nonetheless, there 
are only a few Departments of Statistics in Canada. Most univer
sities have a group of theoretical statisticians within the mathe
matics department and a number of applied statisticians scattered 
among many other departments. According to information coming to 
the Study from many sources, the condition of statistics in Canadian 
universities is regarded as "unsatisfactory" nearly everywhere. On 
the one hand, rigorously trained statisticians are very critical of 
the statistical methods and procedures employed by many students and 
researchers in the biomedical and social sciences. It is alleged 
that, at best, they are frequently wasteful and inefficient and, at 
worst, grossly misleading and erroneous. On the other hand, students 
in psychology and biology assert that statistical theory as it is 
taught by professors in mathematics departments is so austere as to 
be frightening and so abstract and lacking in practical illustrations 
as to appear quite unrelated to any of their interests. These 
problems areguniversally recognized and, happily, several creative 
innovations are now underway. 

University departments in the Mathematical Sciences occupy a 
strategic focal point within the mathematical ecosystem. They bear 
almost the full responsibility for research to push back the limits 
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Q£ mathematical knowledge. However, at the same time they must 
relate effectively to the schools to ensure universal mathematical 
enlightenment. They must also maintain efficient channels of 
communication with other scientific disciplines and with industry, 
business and government in order to be aware of societal needs and to 
prepare their graduates for successful non-academic employment. 

(iv) University Science Departments 

Much of the new mathematics of the eighteenth and nineteenth 
centuries was invented in response to the needs of physics. Without 
doubt, physics is the most mathematically-intensive subject apart 
from the mathematical sciences as such. Then would follow theoretical 
chemistry and parts of engineering particularly electrical and 
mechanical engineering. In these areas there are some mathematical 
models - such as Newton's for the solar system which are so 
accurate that calculations based on them agree with experiments 
almost as closely as can be measured. 

Except for those who end up in an Rand D (research and develop
ment) environment, most engineers have managed to get by in the past 
with an arsenal of mathematical formulae which can be applied almost 
unthinkingly to problems which arise in everyday engineering prac
tice. Those formulae, like simple recipes, can be used without any 
understanding of how they came about or why they work. The reason 
why this "cookbook" approach often succeeds in engineering is 
because the mathematical equations representing physical and chemical 
processes are such remarkably exact representations. For all prac
tical purposes, the mathematical models behave exactly the same way 
as the real world. Nevertheless much engineering work increasingly 
requires a full understanding of the mathematical basis of the form
ulae involved. Moreover, with the advent of the computer, many en
gineering problems are now being tackled which defy the cut-and-dried 
formula approach. Among professional engineers there is frequently 
considerable tension between those who believe that the simple 
old-fashioned rule-of-thumb methods are sufficient and those who 
insist that mathematical ideas of ever-increasing sophistication have 
been and will be essential to enable the engineering profession to 
remain in the forefront of Canadian technological development. 

vfuen we pass from sciences such as physics and engineering to 
those such as biology and economics, we find a completely different 
state of affairs. In these non-mechanistic fields, the precise be
haviour of the phenomena to be studied is simply not known. As a 
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Tesult, the application of mathematics in these sciences requires 
much more in the way of mathematical thinking. Underlying assump
tions have to be constantly borne in mind. At any time, the formulae 
that are being used may prove to be inadequate for one reason or an
other; if so, they will have to be modified or replaced. There is 
always a clear distinction between the mathematical model and the 
real life situation that is being modelled, because the representa
tion is so crude; the model is an extremely simplified representa
tion of reality, which functions more as a valuable analogy to be 
explored than as a detailed replica to be believed. Unfortunately, 
the spirit of mathematical thinking as expressed in mathematical 
model-building is noticeably absent from most service courses in 
mathematics. Those who teach service courses frequently seem to think 
that there are only two ways to do it: either to give the full 
theoretical treatment, or to teach a bagful of handy little tricks. 
In either case, creative mathematical thinking is almost totally 
absent. The student never learns to "mathematize". 

Many of those who want to apply mathematics in the non-physical 
sciences are victims of their own miseducation. Some of them have 
never learned how to think mathematically. Through school and uni
versity, mathematics has acquired such a mystique of being unarguable 
and unassailable that it is more often used as a blunt instrument 
than as a delicate tool of investigation. Yet there are a great many 
who would use mathematics more intelligently, if only they could 
find a mathematician who is willing to help out at the most difficult 
level - not as a technical specialist, but as a co-thinker. 

(v) The Environment 

The role of mathematics in business, industry and government 
will be the topic of the next chapter. Occasionally, good operations 
research, statistical or computing teams are saddled with a 
nEnagement that does not understand how they differ from plumbers. 
Only the actuaries are held in high esteem since they have achieved 
the status of an admired profession on which the financial success of 
the life insurance business has depended. Increasingly, however, 
mathematics is recognized as indispensable to business and govern
ment. ~1anagers who were initially disenchanted by the failure of 
mathematics to supply instant answers to all their problems are 
becoming a little more patient, since they are still faced with the 
same problems, which are unavoidably mathematical in nature. Com
puters have been employed for more than a decade, soaking up infor
mation and structuring it into a more usuable form. As a result, 
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problems which were previously intractable because of lack of data 
and lack of definition are now showing more promise. A mathematician 
at Bell Canada told us, "The challenge of the 60's was to get the 
data. The challenge of the 70's is to use it." 

The low level of mathematical literacy in Canada is one of the 
biggest obstacles preventing the more effective use of mathematics in 
developing technology, planning for the future, minimizing environ
mental and social impact, rationalizing transportation and communi
cations, and improving public services. Host people who are not 
mathematicians will go to any length to avoid looking at a mathemati
cal sYmbol or listening to a mathematical line of reasoning. The op
posite extreme - swallowing some half-baked mathematical theory in a 
rush of blind faith - is occasionally seen in business or government, 
where it usually backfires rather badly, following the old adage: 
"once bitten, twice shy". A worship of things mathematical is not an 
uncommon manifestation of mathematical illiteracy and can sometimes 
be used by decision-makers to dress up their decisions with mathe
matical claptrap in order to make them look more scientific and less 
open to criticism. Such abuse will do nothing in the long run to 
enhance the appreciation of mathematics as a socially useful tool. 

The chief obstacle to the more extensive use of mathematics in 
Canadian business and industry is the lack of well-qualified people 
to work in these areas of application. Good applied statisticians, 
operations researchers and mathematical model-builders are hard to 
find. At present, most workers in these fields are engineers or 
scientists who picked up their knowledge of mathematics through 
university service courses, and who later migrated into their present 
occupaticns because they found them challenging, exciting and useful. 
University majors in mathematics, on the other hand, seldom hear 
about the kind of work that is involved, so they either bypass it 
altogether or else they enter it without being prepared for the shock 
of plunging into a heavy political atmosphere where problems are 
clamouring for a quick solution by any method, no matter how inele
gant, and where communications with fellow workers and with superiors 
is extremely important and extremely difficult. With a few notable 
exceptions, contact between academic mathematicians and non-academic 
mathematicians is almost non-existent; as a result, university pro
fessors generally know very little about the conditions of work in 
non-university positions. How are the students to learn if the 
teachers do not know? Most Canadian universities do not even offer 
refresher courses to upgrade the mathematical skills of industrial 
employees, or special introductory courses to acquaint managers with 
the usefulness of looking at certain practical situations in a mathe
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matical way. Most companies and government offices gave an emphatic 
"yes" when asked whether such courses would be well-received, provid
ed that they were practical, to the point, and well taught. 

Similar observations apply to the use of mathematics in the mun
icipal, provincial, and federal levels of government. Engaging in 
urban planning, providing public health protection, managing the 
economy, protecting the environment, regulating the use of resources, 
satisfying transportation needs, maintaining a nation-wide postal 
service, and doing basic research in agriculture, aeronautics, 
nuclear energy, and marine biology - all of these endeavours require 
a good deal of mathematical know-how, quite apart from the routine 
tasks of data collection and analysis. You are more likely to find 
mathematicians in Government than in industry, usually acting in a 
consulting role, though they are still greeted with suspicion and 
misunderstanding in many cases. Decision-makers who do not under
stand mathematics will sometimes reject perfectly good solutions if 
they feel uncomfortable with the mathematical terminology and symbol
i3m. One senior operations research worker in the federal government 
quoted a saying of Stafford Beer: "A manager would rather live with 
a problem he can't solve than with a solution he can't understand." 
That puts the point in a nutshell. 

Conclusions and Summary 

In most cases fundamental attitudes towards mathematics are 
firmly established by the end of high school. Some high school 
graduates are capable and confident in mathematics, but many others 
feel tremendously insecure and even antagonistic towards the subject. 
They resent having to work so hard at a subject which gives them 
nothing in return but a feeling of humiliation every time they get 
something wrong, which happens more and more often as they become 
more and more befuddled. Those who become parents and teachers will 
carry their attitudes with them into the home and the 
classroom, where they will pass them on to the next generation. Those 
who go into business or government work will approach the use of 
statistics, operations research, and model-building with the same 
attitude that colours their own strong feeling about mathematics. 
Those who go on to become technicians or scientists will often find 
mathematics a major stlli~bling block, as unfamiliar mathematical con
cepts and techniques continually creep into their work. In many 
cases their schooling in mathematics will turn out to be worse than 
inadequate; skills and techniques which were never understood and 
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seldom used are quickly forgotten, but negative attitudes persist and 
become a serious obstacle to further learning. On the other hand, 
those who go on to obtain a university degree in mathematics 
frequently discover that they are unable to conwunicate effectively 
with non-mathematicians, whether in the classroom or on the job. 
Some of the younger mathematics graduates deeply regret the fact that 
mathematics, which should be one of the most onward-looking 
disciplines, has instead become one of the most inward-looking. They 
feel cutoff and isolated from the world around them, and although 
they enjoy mathematics immensely, they often wonder whether a better 
balance between theory and practice could not be found. The results 
of the Questionnaire show that many graduates in mathematics feel 
that their university failed them in this regard. 

There are so many centres of mathematical activity, and there is 
so little communication between people in different centres! The 
major trouble spots in the Mathematical Ecosystem seem to occur on 
the interfaces between the various compoaents of the system. The 
communications network is in a precarious state. Policies are 
planned and executed by men and women who only see a small portion of 
the total system, in consultation wi th others whos e vision is also 
limited in scope. Little or no feedback is obtained from those who 
move through the system, so the ultimate effects of such policies go 
unnoticed by the people who framed them in the first place. The 
result is a hodgepodge of uncoordinated efforts acting at cross 
purposes. It is remarkable how many pressing issues related to the 
role of mathematics in Canadian society are coming to a head at 
approximately the same time. It no longer seems possible for any 
component of the Mathematical Ecosystem to function effectively in 
isolation. Awareness and cO~llunication seem to be the key issues. 

One cannot reasonably expect that persons who have no knowledge 
or understanding of matheInatics will be able to delineate the complex 
patterns and interconnections of the mathematical ecosystem. One 
could expect that the professors in university departments of the 
matheTIlatical sciences, whose very livelihood depends immediately upon 
the health of that system, wouLd devote much time and effort to so 
doing. In fact, however, most able mathematicians are seeking 
personal enjoyment, and fame among their peers, by single-minded 
pursuit of esoteric abstract knowledge; so they make little effort 
to understand the total complex social and historical role of 
mathematics and still less do they attempt to explain these factors 
to non-mathematicians . 
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In the course of the Study no message was clearer than the fol
lowing: the mathematical community must become more out-going, de
voting more energy to conununicating meaningfully to users of mathe
matics on their terms; the users of mathematics must break down 
their mental blocks and undertake the hard i~tellectual effort 
necessary to use mathematics as a truly effective instrument. 

~otes: Chapter II 

1.	 Professor Beaumont is Associate Dean of the Faculty of Mathe
matics at the University of Waterloo. The quotation is from a 
speech ne gave at the University of Colorado in 1973. It is to 
Professor Beaumont that we owe the idea of the mathematics
industry seminars. He was responsible for organizing five and 
chairing four of them. 

'1.:-.	 These disciplines are discussed in a brochure setting forth the 
philosophy of the Industrial Management and Applied l1athematics 
Group of the Catholic University of Louvain, dated February 1975, 
and entitled, "Les mathematiques appliquees: Une carriere pour 
l'ingenieur?" 

3.	 A.H. Hhitehead, Science and the l'1odern World, p. 41, Cambridge 
University Press, Cheap Edition, 1933. First published 1926. 

4.	 It should be remarked that many of those who are actively working 
in statistics, actuarial science, operations research, or com
puter science, would not descr~be themselves as mathematicians or 
their work as mathematical. Such people regard themselves as 
scientists, technicians, or businessmen, for whom mathematics, 
is, at best, only a tool. 

In many cases, mathematics is not always used as a tool, 
except at a very rudimentary level. A good number of statis
ticians are working on nothing but descriptive statistics, which 
seldom requires any mathematical analysis at all. Some opera
tions researchers are management consultants who use no mathe
matical apparatus whatsoever. Many actuaries are really full 
time administrators, and most computer scientists are dedicated 
either to computer technology or to data processing, both of 
which involve mathematics only in a peripheral way. 
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i~evertheless, it is still true th~t there are large numbers 
of people in each of these fields who use mathematical thinking 
as an essential part of their work. And, without this mathemati
cal core, none of these fields would exist as they do today. That 
is why they are called "Hathematical Sciences" - not to belittle 
the non-mathe@atical aspects, which are quite prominent, but to 
emphasize the vital links which they all have with mathematics. 

5.	 A. Zadeh is an American engineer who was quoted in the C.M.C. 
Notes, Novembe r 1972. pp. 2-5. 

6.	 A.J. Skalfuris, Head of the Mathematics Research Centre of the 
Naval Research Laboratories in Washington, D.C., in a letter to 
Physics Today (Harch, 1975, p. 15) complains of the scarcity of 
physicists with a wide-ranging command of mathematics. Too 
often, he states, the inadequacy of the mathematical techniques 
at one's disposal dictates the problem one attempt to solve. 

G.B. Kolata in an article in Science, Vol. 187, p. 732, (1975) 
entitled "Communicating Mathematics: Is it Possible?" stated 
that two-thirds of the mathematicians approached by Lynn Steen at 
the International Congress for Mathematicians at Vancouver in 
August 1974 were uninterested in explaining mathematics to those 
outside the field. 

7.	 For example, according to a report emanatin3 from Edmonton and 
described on April 12, 1975 in the Globe and Mail of Toronto, a 
survey in which 1,500 high school students were asked to rate 25 
subjects in order of importance, found that they rated mathemat
ics first and English (the local language) second. (To satisfy 
the curiosity of the reader, we report that, in order, the next 
were social studies, sex education, consumer education, biology, 
contemporary problems and Canadian history.) 

8.	 To our knowledge, only at the Universities of Manitoba and 
hTaterloo. 

9.	 The American Statistical Association has announced an ambitious 
program to develop a modular approach to teaching introductory 
statistics. A group at Queen's University has proposed a similar 
project. The Statistical Science Association of Canada has faced 
up to these questions very directly at its annual conference. 
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Chapter III 

Mathematics In Business, Industry and Government 

"Some people see mathematics as a mysterious supertool 
"to saVe this world from the bungling bureaucrats". To 
others~ mathematical techniques seem to be just "the in
tellectual trappings of boy-wonders who have never met a 
pay-roll~ neVer run for Sheriff~ and shouldn't try to run 
a country". The truth~ no doubt~ lies somewhere in be
tween. If you experts~ you applied mathematicians~ you 
systems theorists~ can find some truths that fit the 
facts of our age and the dilemmas of our nation~ and tell 
them so they can in fact be understood~ then you may not 
have the applause of your mathematical colleagues~ but 
you can help to shape the future of your community. I am 
convinced of that. However the analyst a~st be content 
to see this influence through a slow spread of new ideas~ 

rather than through an immediate impact on next week's 
decisions. He must therefore recognize his analysis as 
useful even when his conclusions are rejected. If he 
cannot get this across to his students and colleagues~ I 
fear they will be frustrated in government eexroi.ce, " 1 

- The Honourable C.M. Drury 

The present chapter is largely based on input to the Study from 
the eight seminars described in Chapter I, supplemented by ideas from 
briefs and interviews. The main themes are: 

-the extraordinary increase in the applications of mathematics 
in business, industry and government in recent decades; 

-the diversity of mathematical techniques actually utilized ap
pears to be limited chiefly by the absence of persons with wide
ranging mathematical competence to assist in the formulation and 
analysis of the problem at hand; 

-the training of mathematics majors does not develop in them the 
ability to communicate readily and sympathetically with others or to 
venture upon the mathematical modelling of the vaguely defined and 
messy problems that are thrown up by reality; 
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-the contention that managers are distrustful of mathematically 
trained persons, do not sufficiently encourage their participation in 
analyzing problems, and are often unwilling to make any real effort 
to communicate with them; 

-in all the Seminars there was a very positive feeling of coop
eration, and unanimity that the sort of interaction which they 
allowed should be energetically pursued and widely emulated; 

-practical steps, which TIay involve some financial outlays, 
should be taken to encourage the interchange, for short periods, of 
persons between universities, community colleges, business, industry, 
and government to enhance mutual understanding of what types of 
mathematics are now available, what are practical problems to which 
they could be applied and what attitudes and skills are needed to 
overcome the various communication gaps. 

However, before launching into an account of how Canadians 
viewed these issues, we shall report on a discussion involving mathe
maticians from several countries which took place at the Interna
tional Congress for Mathematicians in Vancouver in August, 1974. 

A World Perspective 

In 1970 a group of mathematics students in the University of 
Bielefeld in north~west Germany became concerned that their training 
was not preparing them adequately for the types of jobs open to them. 
It was during a period of great student unrest in Europe, so their 
concern was taken very seriously and a series of Seminars was organ
ized between October 1970 and January 1971, to each of which was in
vited a "mathematician" working in industry who briefly described the 
nature of his work and the adequacy or inadequacy of his university 
training as a preparation for his Berufspraxis - the practical 
activities of his profession. The speaker was acutely questioned 
with the well-known German gruendlichkeit (thoroughness!) There were 
speakers for IBM, ESSO, Telefunken, an Insurance Company, the 
Farbenfabriken Bayer AG and the Battelle Institute in Frankfurt. The 
talks and a record of the discussion were published under the title 
Materialen zur Analyse der Berufspraxis des Mathematiker for the 
Projektgruppe on "Nathematik in der Industriegesellschaft" by the 
Mathematics Faculty of the University of Bielefeld. The recurrent 
themes 
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the tfu
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in the five Seminars 
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From that original student initiative, there emerged a Univer
sity of Bielefeld Commission on the Mathematisation of the Individual 
Sciences. ("Hathematisierung der Einzehvissenschaften") which was 
formally constituted on November 16, 1973. The membership of the 
Commission includes biologists, chemists, historians, mathematicians, 
education professors, philosophers, psychologists, physicists, 
lawyers, sociologists, linguists, and theologians. The Commission 
laid out a comprehensive work-plan involving monthly colloquia on 
mathematics and individual disciplines such as sociology, chemistry, 
psychology, teaching, physics, law and biology. They also set in 
train the production of a very detailed Questionnaire concerning the 
practical experience of mathematicians outside of the University. A 
draft version of this Questionnaire was available at the ICM in 
Vancouver. It probes many of the same issues as are raised by the 
Hathematics Study Questionnaire. 

At Vancouver Drs. Bernehlm Boos and Ulrich Villauer, ~vho repre
sented the Bielefeld Commission, organized a very successful round
table discussion. Here are a few excerpts from that discussion. 

A Canadian We mathematicians conduct our work by standards 
that are false. We talk about the wrong things. Here are examples 
of distortions in our evaluation of our own work: (i) We deal too 
largely in proofs and solutions of problems and too little in 
discovery of phenomena. Discovery of phenomena which used to be 
exciting for 19th century mathematicians is hardly of concern the

2in
20th. One exception is morphogenesis or catastrophe theory which 
has got a lot of us really turned on. (ii) We overemphasize 
difficulty. Some of the most important discoveries in mathematics are 
simple. In the 20th century, difficult problems are given great 
importance just because they are difficult. However, a user wants a 
practicable answer. He will not admire it just because it is 
difficult. 

A Frenchman With us nearly all university mathematicians 
work in pure mathematics and there is very little applied mathematics 
taught. This is a real problem since we are unable to teach students 
mathematics in the way they need to work in production. Since 1968, 
there has been something like a fight between the universities and 
the government. The principal way the government has for acting is 
to give more money to support the direction in which it wants things 
to move. However since 1968, the individual universities have some 
autonomy and are not always responsive to government wishes. 
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A Cuban Before the revolution, we had almost nQ mathematics 
at all and started to build a school of mathematics in Havanna in 
1962 - just twelve years ago, when nearly everyone who really knew 
anything about mathematics had left Cuba. They were bourgeois. Our 
main problem is to train young people. Now we have mathematics 
departments in three universities. At first, we had no applied 
mathematics at all, but like the socialist countries, we are very 
much interested in applying mathematics to social and organizational 
problems. However, in a developing country, to put all the stress on 
applied mathematics is a bit dangerous because you can lose your 
chance of future development. Nonetheless, it is clear to us that in 
the present epoch we must do much more applied than pure mathematics. 
Before the revolution, the Americans did everything for us. So for 
example, all Cuban engineers were only maintenanc~ and not design 
engineers. Now we are just starting to apply such topics as 
statistics and operations research to industry. 

A Russian Many of our professors at polytechnics and univer
sities want to teach only in pure directions without applications. 
Hany students - future biologists and engineers - do not understand 
w~y they need to study mathematics. 

He have a second difficulty. Specialists in the natural and 
engineering sciences do not always make use of available mathematical 
knowledge. So last year, under the chairmanship of Kolmogorov, we 
organized an unofficial con~ission on mathematics education in the 
University. It will (i) study the actual situation in all the 
universities, (ii) develop an appropriate mathematical curriculum 
for pure mathematicians, for engineers, for biologists, etc. 
(iii) initiate discussion between mathematicians and professors in 
the other disciplines. 

At Ivanovo, which is the centre of the textile industry, there 
is a good seminar for the staff of the mathematics department about 
mathematical problems in the textile industry. This has led to new 
mathematical problems, some of which have been solved, and also to 
very good interdisciplinary work. Within two years, all the students 
have come to know that mathematics is very important for the textile 
industry and interest in pursuing mathematics has increased markedly 
among the students. 

It should be compulsory that every future mathematician know 
something more than pure mathematics. At Hoscow University every 
student must have some applied course, either in mathematical 
biology, mathematical economics, etc. My colleagues, Krylov and 
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Valutov, lecture on mathematical biology; Soloviev, on reliability 
theory. It is not only mathematics majors who attend these lectures. 
Among our students, the number who wish to study in an applied direc~ 

tion is increasing every year. 

An East German I think this question which is being discus
sed everywhere now - the relation between pure and applied mathe
matics - is one of the most interesting for mathematicians who are 
concerned not only to prove theorems but regard mathematics as a 
science for the people. For traditional reasons, we have lots of 
pure mathematics in our country and very little applied mathematics. 
In the early sixties, we discussed this question from the political 
point-of-view since, as a country, we are interested in building up 
socialism. We asked a few young mathematicians to study in certain 
universities in the USSR where they could learn the disciplines which 
are important for applied mathematics. For example, Gnedenko had some 
of our able young mathematicians as students and they are now working 
in this direction. Now after twelve years, there is, in my opinion, 
a good mixture between pure and applied mathematics. However, it is 
not enough to teach applied mathematics in the university. It has to 
be combined effectively with actual practice in industry. The 
mathematicians who discussed this concluded that it is necessary to 
put some good mathematicians into industry to work on industrial 
problems. The first experiences with this indicate that we are right 
- the only method to get a real unity between mathematics and the 
problems of engineers is to work together. 

Indeed, there can be surprising, almost unbelievable results. I 
personally am an algebraist and found that in designing a certain 
machine, I was led to use category theory. We had to model a situ
ation involving probability, statistics and linear systems. We ob
served that the linear stochastic mappings formed an additive cate
gory. So we developed a theory of linear systems over additive cate
gories - a purely algebraic question. It was a fairly long story, 
but at the end we had a model which could be treated by known 
methods. Being an algebraist, I looked at the problem from my point 
of view but stated the solution in language which the engineers could 
use. I did not have to explain category theory to them! I believe 
that a mathematician who is really interested in working on a parti
cular application will try to apply his special discipline. It nEy 
give him a new point of view which works better than any that has 
been used before. I have concluded that the essential thing is not 
to teach students any particular parts of pure or applied mathe
matics, but in all our lectures to give them an impression of what 
mathematics can do in practice and the conviction that mathematics 
reaches out like this. 
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In his Life of Galileo, Brecht said that the only point of sci~ 

ence is to help humanity to satisfy the needs of men. That is a bit 
too sharp in my opinion. Rather, the development of pure science and 
the development of industry have to go hand in hand. Hopefully, 
there will be two results: first, the level of mathematics in indus
try will rise; second, university professors who have worked for one 
or two years in industry will learn how to model reality and h0w to 
teach more effectively. We have great hopes there. 

A Brazilian I quite agree that the crucial point is not 
teaching certain specific content. Rather, it is to enable the new 
generations of students to have an open mind towards applications. 
No matter what pure or applied mathematics they learn, if their 
attitude is open to the real world, they will be able to apply what 
they have learnt to relevant problems. I think this is a key point 
in guiding our policy for support to graduate students. 

Mathematics Rampant 

It was asserted in the previous chapter that the use of mathe
matics in many areas of Canadian society and,therefore, the need for 
mathematically trained persons has been increasing at an astonishing 
rate during recent decades. In the present section we assemble a few 
of the many illustrations of this fact which were brought to our 
attention in the course of the Mathematics Study. 

From Tables lA and lB in Appendix I it may be seen that among 
approximately 1,500 respondents who majored in mathematics, 54% of 
the Bachelors, 40% of the ~1asters, and 13% of the PhD's are working 
in business, industry or government and approximately 90% of these 
are making use of their mathematical training in their profession 
with computing, actuarial and business mathematics and statistics 
being the most commonly used types of mathematics. 

\~en Bell Canada decides to change the rates for Long Distance 
Telephone calls, how does the company decide on the schedule? In the 
good-old-days it was simple enough. A rough estimate was made of the 
actual average cost of the service and management set the rate at 
some multitude of this, perhaps somewhere between 2 and 10, depending 
on their judgement of what the traffic would bear! However, now the 
company is under constant public scrutiny and detailed control by 
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·various government agencies. The highest standards of service ar2 
demanded, and, at the same time, the utmost economy is expected. In
deed, few countries enjoy better telephone service than that provided 
Canadians by Bell Canada. Yet, telephone rates have increased much 
more slowly than inflation and in some instances Long Distance rates 
have even decreased. How was the present somewhat involved system of 
discounts of 1/3, 1/2, 2/3, 3/4 at various periods of certain days 
decided upon? In a large measure - by using statistical analysis and 
mathematical modelling. A study was made of the number of long dis
tance calls on different days and at various times. The effect of 
past changes in rates on the pattern of telephone use was studied. A 
prediction, using "time series analysis", was made of the probable 
increase in the use of the telephone in the immediate future. Such 
factors, and many others, were used as input for a mathematical model 
which predicted what net income would result if various rate struc
tures were adopted. The model also tried to answer the question 
what rate structure would encourage the most efficient use of the 
total long-distance network? 

Mathematics - above all, statistics - is used by Bell Canada for 
many other purposes than deciding rates. &1 unexpected use is the 
following.. If you were the manager of the Service Department of a 
telephone company, how much of which kinds of equipment would you 
normally stock in each Service Truck? Ten of everything? You would 
need a truck the size of a moving van! From a statistical study of 
the frequency of various types of service calls in a given district, 
a basic inventory for the service trucks has been decided upon which 
enables 95% of them to get through a normal day's work without having 
to return to the central depot for materials. Before 1940, Bell 
Canada employed 1 statistician. In 1960 the unit of the company for 
statistics, operations research and mathematical modelling contained 
5 persons with mathematical training, 15 in 1965, 60 in 1970, and 
over 80 in 1975. 

The Department of Health and Welfare disposes of over six bil
lion dollars each year. At the Ottawa Seminar, D. Bray reported on 
some of the mathematical activities of the Health Protection Branch 
relating to testing drug products, conducting surveys such as the 
large study of nutrition, estimating microbiological hazards of im
ported foods and modelling health care delivery systems. It is the 
policy of the Department to scatter mathematicians and statisticians 
in small nuclear groups of three to five persons "where they will do 
the most good". Currently, there are 12 in the Health Protection 
Branch - some with PhD's in statistics and some with PhD's in biology 
with a strong statistics background. The number is expected to grow 
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to 30 in a couple of years. In the other health programs, there 
are about a dozen mathematicians but the number is expected to in
crease. 

The Department of Energy, Mines and Resources has recently 
created a new Canada Centre for Remote Sensing. Possibly, the layman 
can gain an understanding of the function of the Centre by recalling 
the extraordinary pictures of the surface of Mars and Venus which men 
and women of this generation have been priviliged to see. These pic
tures were transmitted electronically by means of an algebraically
designed code which was unscrambled by a computer. The design of the 
equipment and the theory of electromagnetic radiation used in trans
mitting the ~essages both involved mathematics (Boolean algebra, dif
ferential equations, integral transforms, etc.) of a level which 
would normally be understood only by a PhD in mathematical analysis 
or logic. 

Now the Centre for Remote Sensing in Ottawa receives similar 
information from the Earth Resources Technical Satellite and seeks to 
use it for making maps of the whole of Canada for the study of 
changes in the environment - for example, of crops in the North. A 
normal image is represented in a code by over 30 million numbers. Ten 
to fifteen such images must be processed each day. As Dr. Bray points 
out, "The properties of these images are far from ideal. To analyze 
them requires real statisticians, not 
to apply the standard tests and 
techniques just won't work." In 1973, 
in the group. By mid-1974 there were 

mere technicians who know how 
techniques, because standard 
there were no mathematicians 

six. rfure will be needed. 

At a Seminar held at Sault Ste. Marie, generously hosted by the 
Algoma Steel Corporation, interesting papers were presented by rep
resentatives of the Abitibi Paper Company, the Algoma Steel Corpora
tion, Falconbridge Nickel Mines, International Nickel Company of 
Canada and Kimberly-Clark of Canada. All dealt \vith the application 
of the mathematical sciences in their company, most of which had been 
made possible only by the advent of the electronic computer. 
Chiefly, they involved statistical methods, operations research, 
computing, stimulation techniques and mathematical modelling. D.J. 
Dickson, Supervisor of Industrial E~gineering for the Ore Division of 
Algoma, stated that Algoma faced very strong competition from open 
pit operations with higher grade ore - and that the company survived 
as an economic unit largely because of the efficiency of management 
which has turned to a variety of new techniques including the use of 
mathematics to solve day-to-day operation problems. In the past ten 
years, since computer facilities were made available on a regular 
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basis, projects involving regression analysis, linear programming, 
network analysis, cost models and simulation have been completed. The 
use of simple or sophisticated routines is limited only by the 
imagination, knowledge and ability of the individual. These mathe
matical methods have been employed in the Department of Ironmaking, 
on a Study of Hot Betal Ladle Movement; and the Department of 
Operations Planning, to study the Strip Mill capacity of Utilities 
and to Optimize Energy Costs. In a similar vein, l1.H. Kretzschmann 
of Falconbridge described the role small but crucial - of 
mathematical methods in studying strain-stress distribution in the 
walls and rocks surrounding mine workings; heat exchange in 
underground mines; heat transfer and chemical processes in rotary 
kilns, etc. D.L. Riefstahl reported that Kimberly-Clark employs 
critical-path scheduling techniques to allocate the available 
manpower by trade to several interdependent maintenance projects. 

These examples are surely sufficient to suggest that mathematics 
plays a crucial role in the conduct of contemporary Canadian busi
ness, industry, and government. Instances, analogous to those des
cribed above, ~vere multiplied many times over in reports during the 
Seminars and in briefs to the Study concerning transportation, com
munications, finance, insurance, military strategy, industrial 
research and many other fields. 

hThat Kinds of Hathematics? 

Much of the mathematics currently being used in business and 
government is relatively simple. Indeed, a PhD in pure mathematics 
would be tempted to dismiss it all as "trivial" and of little in
terest. However, we advance the following hypothesis, for possible 
verification by some future Mathematics Study (Hark 7, perhaps!). 
"The main factors in determining the sophistication of mathematical 
techniques employed to solve problems in business or government are 
(i) the knowledge and ability of the mathematical practitioner 
(engineer, M.B.A., statistician, etc.) who has to solve them; and 
(ii) the capability of managers to appreciate the solution. 

In Chapter II, rather oversimplifying, we summed up the recent 
social impact of mathematics in the three words: statistics, model
ling, computers. The results of the Questionnaire reported in Ap
pendix I supported our choice of these as the key words. 
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But each of them opens up large and complex vistas. The word 
"statistics" can suggest a simple-minded linear regression arising 
from product control in a nylon plant; queuing theory of some dif
ficulty applied to the design of telephone switching machines; 
a highly sophisticated time-series analysis applied to the output of 
an electroencephalogram in an attempt to diagnose brain-tumours; or 
auto-regression techniques used in filtering out the "noise" in 
signals received by aircraft engaged in geophysical exploration by 
illeans of sensitive magnetic devices. Other statistical methods which 
were reported to the Study as currently being used include Factor 
Analysis, Sampling Theory, Multiple and Polynomial Regression, 
Significance Testing, Analysis of Variance. It is therefore apparent 
that nearly every aspect of statistical theory, which is commonly 
taught in Honours university programs up through the rlaster's 
level, has found significant application in Canadian industry and 
government. And not only the standard textbook material, for recall 
the warning of I. Crain at the Ottawa Seminar: the work of the 
Canada Centre for Remote Sensing needs mathematicians who realize 
that the standard techniques are insufficient to resolve the problems 
which the Centre is tackling. This remark was echoed by others in 
Agriculture Canada and in the Department of Energy, Mines and 
Resources. 

The term mathematical modelling has become very much an "in" 
word. So much so, that in some quarters it seems almost indecent to 
deal with an economic or social problem unless it appears cloaked in 
a mathematical model. Indeed, a young professor of economics, extre
mely able mathematically, stated that no paper in a learned economics 
journal is now taken seriously unless it contains a lot of mathe
matics - and this, whether or not the mathematics is relevant to the 
topic at hand! huch engineering and the whole of theoretical physics 
is a large exercise in mathematical modelling. Maxwell's equations 
for the electromagnetic field can b~ used to predict the behaviour 
of radio and radar signals to greater accuracy than 1 part in 
1,000,000. Dirac's model of the hydrogen atom predicts the spectrum 
of hydrogen to a similar accuracy. This model, modified by Bethe and 
Salpeter, is accurate to 1 part in 100,000,000. fuiother physical 
model of astonishing accuracy is ~ewton's theory of the earth-moon 
system which made possible the landing of men on the moon within a 
few hundred yards of the predetermined target. These physical 
theories employ ordinary and partial differential equations, integral 
equations, Fourier series, Laplace and Fourier transforms, and 
operators on Hilbert space. In recent years, physics has used such 
esoteric subjects as von Neumann algebras to describe the states of 
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quantum systems and algebraic topology to classify Feynmann 
integrals. Indeed, in the Soviet Union, there is now a recognized 
scientific discipline called Algebraic Physics! 

"Everyone talks about the weather, but no one does anything 
about it." Few topics seems to interest mankind more than the 
weather. Yet thirty years ago no one would have taken seriously the 
idea that we would ever be in a position to model the earth's atmos
phere. The basic partial differential equations governing the motion 
of fluids have been known for a hundred years or more. However, the 
amount of data needed to specify the boundary conditions is so enor
mous and the problem of solving the equations is so involved, that 
even though a reasonable meteorological model could have been pro
posed, everyone knew it would never be of practical use. Now, with 
the help of a huge computer, owned by the U.S. government, into which 
is fed electronically masses of data from weather satellites and 
other stations, each day the model predicts the weather for the 
immediate future four times each day. It also disgorges long-range 
forecasts. 

Perhaps the most newsworthy mathematical model in the past three 
years was World Dynamics of Jay Forrester and Denis !1eadows which, 
employing the variables - Pollution, Population, Natural Resources, 
Capital Investment, and Quality of Life - purported to predict that 
the population of the world would rise to 16 billion by the year 2030 
and then, as a result of widespread catastrophes, 80% of the earth's 
inhabitants would die in less than 30 years. This model employs 
rather simple mathematics. It has been criticized on this ground but 
even more trenchantly from the political and economic points-of-view. 
The Forrester-Meadows project is one of the more dramatic examples of 
a type of mathematical modelling of social and economic phenomena 
which is becoming increasingly popular. Hitherto, the kinds of 
mathematics commonly used in the social sciences include linear 
algebra (vectors and matrices), graph theory and mathematical pro
gramming, and elementary statistics (especially regression analysis 
and sampling theory). In addition, some ideas from calculus are 
conceptually indispensable, notably the interpretation of the 
derivative as a marginal rate in economics. 

However, there can be little doubt that if there were a supply 
of persons who were sufficiently competent mathematically and fully 
steeped in the terminology and know-how of another field such as 
economics, psychology or physiology, many mathematical models of 
much greater practical utility could be devised. A striking example 
of this is the application by E.C. Zeeman of Rene Thorn's Theory of 
Catastrophe to construct a model for the electrical activity in 
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herves. Thorn's theory, based on differential topology of a highly 
sophisticated nature, provides powerful new concepts for discussing 
situations in which a smoothly developing phenomenon suddenly 
(catastrophically!) switches into a quite different mode such as 
the development of an embryo, the onset of a prison riot, the activ
ation of a nerve synapse. Using Thorn's ideas, Zeeman simplified a 
previous model of nerve impulses involving ten empirically determined 
differential equations which gave more accurate predictions. 

If one looks at the cover of }lathematical Reviews which lists 
the sub-divisions into which mathematics is currently partitioned, it 
will be seen that all the major categories and many of the sub-cate
gories have been mentioned above as being currently employed in 
Canadian business, industry or government. Recall that in East 
Germany, category theory - perhaps the most abstract part of abstract 
algebra - has proved useful in designing a machine. One must there
fore be convinced that - given the proper conjunction of real world 
problems, a resolute will to solve them on the part of management, 
and a team of imaginative persons familiar with the topic and having 
a bold wide-ranging mathematical competence - business, industry and 
government in Canada could profit enormously in many ways hitherto 
undreamt of by an effective exploitation of the mathematical 
sciences. 

Consciousness-Raising: Two-Way Street 

At the conclusion of the Seminar in Ottawa on Mathematics and 
Policy Planning, the Chairman emphasized the fact that mathematics is 
on the up-and-up because of the advent of the computer and because 
more people in different areas of society know that they need mathe
Inatics. Recall that \~itehead remarked on the paradox that this 
purely logical aspect of human beings, as it gets more and more ab
stract, also becomes increasingly useful and essential for control
ling concrete phenomena. 

At the Seminar, W.E. Krause, from the Post Office mentioned that 
mathematics is at most 10% of the problem in policy analysis. He is 
doubtless correct. However, it is a crucial 10%, and unless you have 
people of critical minds who know what is nonsense and will say so, 
the whole process of policy analysis becomes an exercise in futility. 
Some of the publicity accruing to the Forrester-Meadows model has 
raised expectations which cannot be fulfilled, and that is bad for 
everyone - bad for politicians who get seduced into relying on highly 
questionable methods, and bad for systems analysis because people get 
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The type of mathematics currently employed in policy analysis is 
often constrained, because the people who understand the problems 
know no mathematics other than addition and multiplication - so they 
add and multiply and use linear functions or polynomials. But there 
is a vast corpus of mathematics which is not being used. We need a 
general consciousness-raising so that people in government, industry 
and university will see possibilities of interaction and application 
which they did not see before. 

You can say that this will happen inevitably, that it is the 
stream of history. One can read it in Morris Kline's fascinating 
book Mathematics in Western Culture. However, "There is a tide in 
the affairs of men, Which, taken at the flood, leads on to fortune". 
(Shakespeare, Julius Caesar, iv.3, 218). There is no doubt about the 
tide. Will we take it at the flood? 

At the Seminar in Sault Stet Marie, D.J. Dickson emphasized that 
what we are calling "consciousness-raising" is needed both on the 
part of management and university professors. He said in part: 

"Over the past few years I have attended conferences 
where the Academic community was brought together with 
the mining industry. Almost invariably the papers were 
divided into two groups which represent the theoretical 
and operations points of view. This usually results in 
each group knowing that the other had said something 
valuable, but not being sure what it was. Furthermore, 
it has resulted in the organization of conferences where 
only papers dealing with 'real' working systems were 
presented. While these have a definite place in 
spreading information, they do emphasize the gap between 
universities and industry. 

"I had the opportunity to return to university after 
having some work experience. I was fortunate that the 
course had several lecturers with considerable industrial 
experience. These people had the ability to relate the 
theoretical to the practical, explaining the limitations 
and simplifications that were involved. As a result, this 
was a most productive year in terms of personal satisfac
tion and increased ability to perform my job. Perhaps 
this is one pattern for advanced mathematical education 
to follow. 
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"I think it is fair to say that the Algoma Steel Corpora
tion has had considerable success with acceptance of 
mathematical results produced by computers. Some of this 
may be attributed to awe of the 'electronic brain', but 
mainly it is the result of people participating in the 
solution of their problems. In order to get this coopera
tion it is necessary to demonstrate a reasonable possib
ility of success. This can be done by first solving the 
seemingly insignificant problems which 'bug' people. Once 
credibility has been established, then the larger pro
blems requiring a lot of mutual confidence can be at
tempted. Perhaps similar cooperative effort between 
universities and industry is required to solve the 
problems we are discussing today. 

"I am encouraged that this study is taking place. I hope 
the resulting recommendations will have realistic goals 
in terms of what can be accomplished, both in the short 
term and over the long run." 

In a similar vein, Dr. D.R. Miller, Head of the Biomathematics 
Group of the NRC, addressed himself to the difficulties of trying to 
apply mathematical techniques to very complicated systems, as in
evitably happens to problems involving ecology, regional planning, 
pollution, or energy supply. The blame for some rather disappointing 
results must be shared almost equally by the mathematicians who work 
on such projects and the non-mathematicians who direct them. 

On the one hand, very few mathematicians working in this area 
are following the basic philosophy of science, which is to induct
ively frame a hypothesis, to deductively work out the consequences in 
a form that can be tested, to experimentally try to verify or dis
prove the hypothesis, and then to return to frame a new hypothesis 
(if necessary) on the basis of the 'experimental evidence. The jour
nals are full of mathematical models based on a priori assumptions 
which the author has no intention of testing. Frequently, they are 
trivial. Such "work" seriously damages the credibility of the mathe
matical modelling profession. 

On the other hand, those who administer such projects very often 
do not use the mathematical talent that is available to them. The 
mathematician is frequently asked to provide services of a purely 
technical nature, long after the significant details of the project 
have been thoroughly worked out. In every other field of science, 
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the directors of multidisciplinary projects assume that research in 
methodology and technique will be carried out as part of the work. 
The same should be true in mathematics: time and resources should be 
available from the very outset to allow for the formulation and 
testing of several successive mathematical descriptions. 

This, of course, has important implications for academic pro
grams in mathematics at the undergraduate and graduate levels. Con
cerned as they are with technique, university educators have allowed 
the formulation and testing of mathematical descriptions to become 
much too downplayed, so that it forms far, far too small a part of 
the curriculum. 

Positive Suggestions 

l~1at concrete action can be taken? From the Seminars and briefs 
has emerged a wild welter of positive ideas. We record here, in 
somewhat telegraphic style some of the suggestions which seem most 
relevant to the subject of the present chapter. Some of them were 
put forward by one individual, some represent a consensus of a sig
nificant group. But they are advanced here merely on their own merit 
for consideration and possible eventual action by those many 
Canadians who are concerned for mathematics in Canada. 

(i) Ifathematics in other fields 

-Cooperative research ventures should be encouraged involving 
university mathematicians on the one hand and government departments 
or industry on the other. 

-Every research project or model-building exercise in which 
mathematics has a significant role should involve a mathematician 
from beginning to end. 

-lfathematicians engaged in model-building must be given time and 
funds to test, adjust, and retest their models several times. 

-Hore attempts should be made to apply non-quantitative methods 
(graph theory, topology, boolean algebra, metagame theory) to prob
lems in the social sciences, in the biological sciences, and in 
policy analys is. 
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-11anagers should be involved in operational research activities 
from beginning to end. 

-Problems of data storage, data retrieval, data linkages, and 
data display are not given the attention they deserve. 

-Statistical consultants in government and industry should be 
spread out in the organization where they can do the most good. 

-Mathematicians wishing to work in government and industry 
should be prepared to function as peers in very large multidisciplin
ary teams. 

-Some understanding of mathematical methods and their applica
tions should be imparted to present and future managers by means of 
short courses aimed at developing mathematical literacy. Managers 
would be less frightened by mathematics and computers if they were 
more familiar with the jargon. 

(ii) Liaison 

-Committees and special seminars should be established, involv
ing mathematicians from universities, government offices and indus
trial concerns to promote interaction. 

-Academic mathematicians should be encouraged to spend leaves of 
absence or sabbaticals in industry, government or other university 
science departments. 

-Visitors from other university departments, government and 
industry should be invited to give seminars or workshops in l1athe
matics Departments. 

-Special short courses should be provided to upgrade the mathe
matical skills of employees in government and industry. 

-Hathematics professors should become more involved in consult 
ing and problem solving activities both inside and outside the uni
versity. 

-PhD's in mathematics should broaden their outlook by working in 
other milieux before taking a permanent position in a Mathematics 
Departmen t . 
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-A list of agencies which would welcome mathematical interaction 
should be assembled and publicized. 

-Professionals in business and government could serve on Advis
ory Councils to help universities develop new, or to modify contin
uing, programs. 

-Interested mathematicians should take advantage of the NRC In
dustrial Postdoctoral Fellowships and Senior Industrial Fellowships. 

-People with strong mathematical backgrounds, but whose primary 
training is in another field, should be recruited as full-time 
faculty members in Mathematics Departments. 

(iii) University Education 

-Mathematics curricula should provide some experience with all 
aspects of problem solving, from initial formulation to final inter
pretation, including the revision and testing of successive mathe
matical models. 

-Undergraduate and graduate mathematics programs in the Mathe
matical Sciences should be diversified to encourage students to be
come knowledgeable in at least one field of application. 

-The need for mathematical skills in government and industry 
should be publicized in a responsible way within the universities. 

-Relevant short-term work experience (through cooperative or 
summer programs) should be made available to mathematics students 
interested in non-academic employment. 

-In v Lew of the enormous impact which computers have had, Hathe
matics Departments should become more closely affiliated with 
Computer Science Departments. 

-Intermediate-level undergraduate and Master's programs in 
mathematics or statistics could involve the writing of theses based 
on practical problems arising in government or industry. Individuals 
outside the university should feel greater responsibility than at 
present to suggest such problems and provide the possibility for 
their study. 
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-Many mathematicians do not perce~ve the value of other disci
plines within a mathematics education. Science and Commerce depart
ments should be encouraged to offer courses of interest to mathe
matics-majors to give them the experience of being a "specialist" in 
a team working on ill-defined problems, and learning to communicate 
with "non-specialists". 

-Students should be encouraged to obtain multidisciplinary 
training - such as a bachelor's in mathematics followed by a master's 
in economics, or a bachelor's in engineering followed by a master's 
in mathematics. 

-Undergraduate and graduate courses in mathematical statistics 
should attempt to provide students with some practical consulting 
experience. 

-Imaginative and attractive programs in the applications of 
mathematics (e.g. engineering mathematics, bio-mathematics, policy 
analysis) should be devised. There could be Master's and Doctoral 
programs in Industrial Mathematics. 

(iv) Incentives and MechanisDlli 

-Consulting activities and interdisciplinary work must be given 
more recognition by promotion and tenure committees in the universi
ties. Deans and Department Chairmen must take a strong lead in this. 

-}bre incentive should be provided for Mathematics Departments 
to produce employable graduates at all levels, even at the expense of 
research productivity. 

-Granting agencies should finance interdisciplinary work on a 
team basis rather than on an individual basis. 

-A clearing-house should be established to put users of mathe
matics in touch with mathematicians who are willing to do consulting 
work and advise universities when people from industry and government 
might be available as guest lecturers. 

-Sabbaticals and leaves of absence should be provided which 
would allow professors of mathematics to become conversant with other 
fields. They may not solve all - or any - of the problems of in
dustry and government. But they should return to university with a 
clearer idea of the reality which their students will confront. 
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~A list of mathematical problems culled from government and in
dustry in Canada should be circulated on a regular basis to Mathe
matics Departments. 

-A collection of solved problems from various fields of applica
tion in Canada should be made available in book form for the benefit 
of mathematics students and faculty. 

-Papers of a mathematical nature which appear in applied jour
nals should be given more weight by the granting agencies. 

-An Applied Mathematics Institute 3, possibly with provincial 
units, should be set up to provide services for users of mathematics. 

Notes - Chapter III 

1.	 "Bud" Drury is one of the most influential ministers in the 
Cabinet. The quotation is from his speech which opened the 
series of three Seminars organized in Ottawa on the role of 
Mathematics in the Federal Government. He was then President of 
the Treasury Board but subsequently became the Minister of State 
for Science and Technology and also the Minister of Public 
~.Jorks • 

2.	 The reference here is to a recent theory of Rene Thorn which is 
described later in this chapter. 

3.	 An entire subsequent chapter,discusses this proposal. 
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Chapter IV 

Mathematics Teaching in the School 

"." it is incwnbent on our scholars to learn the 
rudiments of mathematics

lEmpress Dowager of China 
and astronomy. " Tz'u-hsu, 

"The final analysis of the effectiveness of any mathe
matics education reforms rests in considering the 
question: 'What is the position of mathematics education 
in advancing national goals?' Chinese educational 
reforms in mathematics have fitted successfully within 
the plans for national development. What is 
important at this time is that as much of the Chinese 
society as possible achieves some appreciation of the 
power of mathematics so that this generation of worker
peasants~ having been thoroughly exposed to the broad 
aspects of mathematics~ iai. l: l: bring forth a generation 
intent on expanding this knowledge. Then a whole 
society~ rather than a select few~ will advance in 
mathematical potential~ and through it the industrial 
potential of the People's Republi2 of China will become 
most formidable. " Frank Swetz 

Almost as soon as children speak a few words, their eager 
parents start teaching them to count. It is always a moment of great 
joy and pride when the child is able to count confidently up to ten. 
But rote counting is far - several years - from the moment of ap
preciating that three apples and three toys have something - three
ness - in common. This is the moment when the child becomes a mathe
matician! If "man" is defined as a "rational animal", then perhaps 
it is no exaggeration to assert that man was truly and assuredly man 
when for the first time he intuited, however dimly and inarticulately 
the idea of the cardinality of a set. That moment marked an extra
ordinary breakthrough in man's ability of abstraction and resulted in 
a remarkable new power to understand and control his environment. 
Perhaps within a few tens of thousands of years of that event, man 
aJstracted the notion of serial order and of simple geometrical 
figures such as circles or triangles. But it took many millenia, 
perhaps millions of years, until Pythagoras, Euclid and their col
leagues achieved the art of deductive reasoning and the possibility 
of analyzing the complicated properties of geometrical figures which 
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are now comparatively easy for a student in Grade 10, Between Grades 
one and ten, a child recapitulates millions of years of the intel~ 

lectual saga of the human race and, in so doing, acquires mental 
tools which are essential to the existence of modern society. Mathe
matics teaching in the elementary and secondary schools and in com
munity colleges plays a crucial role in determining the quality of 
civilization. Certainly it is a critical factor in enabling a country 
to compete economically on equal terms with other technolgically 
advanced nations. 

The quality of mathematics instruction in the schools is un
doubtedly the most important single factor affecting the health and 
vigour of the whole mathematical ecosystem. However, this, in turn, 
depends critically upon the mathematical life of the universities 
which will be strong only if the professors are keenly interested in 
teaching and at the same time are actively attempting to extend their 
own knowledge. Since research is the elan vital of the mathematical 
enterprise, a public policy which fails to encourage mathematical 
research or attempts to dissociate it from teaching is short-sighted 
and in the long-run will be recognized as misguided. 

No subject was discussed at greater length 
the Study than mathematics teaching. ~o one was 
current situation in Canadian schools. 

by contributors 
satisfied with 

to 
the 

A tfuthematical Malaise 

There is a large body of informed opinion that the 
mathematics in the elementary and secondary schools 
unsatisfactory. The responsibililty for this devolves 

teaching 
in Canada 
directly 

of 
is 

and 
immediately upon the Ministers of Education and the provincial gov
ernments. However, ultimately, responsibility must be assumed by the 
whole mathematical community, and notably by university professors. 
The situation varies from province to province and from school to 
school. 

The most convincing objective piece of information which was 
presented to the Mathematics Study consisted of a Report on the 
Testing of Arithmetic issued by the Department of Education of 
British Columbia. The Stanford Arithmetic Test was administered in 
1964 to 99%, and in 1970 to 95% of Grade VII pupils in British 
Columbia. The test consisted of two parts referred to as "Reasoning" 
and "Computation". The scores obtained by pupils in U.S. schools in 
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'1964 were used as the fixed standard against which the B.C. pupils 
were measured in 1964 and 1970. In 1964 the B.C. pupils were ahead 
of their U.S. counterparts by 18 months in reasoning and 11 months in 
computation; in 1970, by 8 months and -1 month respectively. Thus 
the median performance of the B.C. pupils had deteriorated markedly 
in the six years from 1964 to 1970. There were rumours of a similar 
development among their U.S. counterparts, but no hard data was 
available. Interestingly enough, the performance of the top percent
ile of B.C. pupils had hardly changed. It was the performance of the 
future "average citizen" which had deteriorated. 

The situation in British Columbia is not exceptional. In fact 
the overall picture in Canada at present contains so much distress, 
unease and confusion that energetic steps must be initiated immedi
ately to improve the situation. This opinion was expressed in many 
briefs submitted to the 11athematics Study and reiterated ad nauseam 
by everyone we consulted. The only exception was an occasional 
overly sensitive offical of a Teacher's Federation or Department of 
Education who felt threatened and struck a rigid defensive stance. 
In order to effect significant improvement, such steps must be 
pursued consistently for ten to fifteen years uninterrupted by 
fadism of changing bureaucrats. 

"Misery likes company" so possibly there is some consolation in 
the fact that, apparently, Canada is not alone. At the three 
sessions of the International Commission for Nathematics Instruction, 
which took place at the University of British Columbia in August, 
1974, delegates from one country after another reported significant 
and trying problems in mathematics teaching at the elementary level. 
In Poland, all 30,000 school teachers in Grades I-III were expected 
to watch a weekly program starring Professor Z. Semadeni and to 
submit regularly the solutions to 'a series of simple exercises. The 
Course, which began in January 1975, attempted to overcome their fear 
and lack of understanding of basic mathematical ideas. 

In 1964 a study 3 of mathematics skills of school children in 
twelve countries was conducted under the auspices of UNESCO. The 
study involved 132,775 students and 13,360 teachers. The 13 year 
olds of Japan and Belgium ranked first and second in the evaluation 
while those of the USA and Sweden were eleventh and twelfth. The 
test-scores, with standard deviations for these four countries and 
the average for all twelve countries were as follows. 

\ 
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Score S. D. 
Japan 31.2 16.9 
Belgium 27.7 15.0 
U.S.A. 16.2 13.3 
Sweden 15.7 10.8 
Average 19.3 14.9 

Even though the Japanese students excelled in this test, 
Professor Iyenaga reported at Vancouver that there is widesp r ead 
criticism of mathematics teaching in the Japanese schools. 

A common method of evading the real issues is to indulge in 
vituperation of the "New Maths" and the monstrous abstract mathemati
cians who foisted these dreadful irrelevancies upon us! Undoubtedly, 
there have been massive absurdities perpetrated in elementary and 
secondary schools of Canada and the USA and in a number of other 
countries under the banner of the "New Mathematics". However, we 
should not conclude that the basic aims of the mathematical reformers 
of the late 1950's were improper nor that radical reforms are un
necessary. Rather, educational reform in so fundamental a subject as 
mathematics can be achieved only by consistent effort over a long 
period of time. Much of the damage has resulted from the eagerness 
of publishers to capture the market and quickly issue books by hack 
writers which emphasize the use of new jargon but are unsuccessful in 
grappling with ideas. 

How shall we recoup what Morris Kline 4 and others luridly 
think of as the debacle of the New Haths? Certainly the answer is not 
to return to rote memorization of number facts. Indeed, not to return 
anywhere, for the old program in mathematics instruction in Canadian 
elementary and secondary schools was completely inadequate for a 
modern society. It may have been adequate in the 1920's but 
certainly not today. 

A Primary Aim for Mathematics Education 

In 1957, a distinguished Swiss banker who had been educated in 
the years 1885 to 1895 looked back on his mathematics education. 
Even though he was in his eighties, there was deep trauma in his tone 
as he recalled struggling with "The rule of three" - "l'infecte regIe 
de trois". (Given any three of a, b, c, d, if you know that a:b 
c:d, find the fourth.) This was the most sophisticated mathematics 

90 



he had learned! It was sufficient for a career in which he became 
president of the Swiss equivalent of the Bank of Canada and one of 
Switzerland's financial representatives at the Versailles Conference. 
Today, his counterpart must feel comfortable in talking to computer 
scientists and systems analysts. He must have an informed view of 
what weight he should attach to the output of a variety of complex 
mathematical models of the national and world economy. This does not 
mean that he has to be a computer scientist and a systems analyst. 
It does mean that he needs more than a rate knowledge of the number 
facts and the rule of three! He needs an understanding of what mathe
matics is, what you can expect of it and - perhaps more important 
what you cannot expect of it. 

The mathematical needs of a bank president certainly exceed 
those of average citizens. However, unless the latter know more 
about mathematics than the number facts and the rule of three, they 
will feel alienated from the modern world. The only way to obviate 
such alienation is to ensure that there is universal knowledge of 
what mathematics is. The notion that mathematics is an abstract and 
exotic doctrine whose mysteries can be penetrated only by a select 
group of initiates must be banished from Canada. If it persists, the 
majority of people will increasingly feel themselves helpless pawns 
in an impersonal technological society controlled by the mathematical 
high-priests of systems analysis, operations research and electronic 
systems. 

Marxists and economists frequently argue that the most important 
factors affecting the development of nations are economic. However, 
it may well be that a more significant change in western civilization 
is illustrated by the fact that whereas in 1900 a rate knowledge of 
some arithmetic facts was all that average persons needed, now they 
cannot relate comfortably to their environment unless they understand 
what science and technology are all about and this requires a 
knowledge of what mathematics is about. This change - concerned as 
it is with man's understanding of his place in his world - has almost 
a religious dimension. 

We, therefore, propose as the chief and overriding aim for the 
teaching of mathematics in the schools the widest possible dissem
ination of an understanding of what mathematics is and what it is 
not. As far as we know, this has never been adopted as a conscious 
aim of any school system. When it is achieved, the average citizen 
will understand that mathematics is (a) a way of thinking which 
provides a powerful tool for analyzing subtle and unobvious aspects 
of our experience, and (b) a cultural resource which can add inter
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'est arid enjoyment to life. Further, (c) it will be apparent that 
the symbolism of mathematics - algebraic and graphical constitute 
an important language which is essential for communication of ideas 
and for the formulation of societal goals. 

Obstacles 

As far as we are aware, there has never been an explicit attempt 
in any large school system to achieve the above aim. Rather, the 
curriculum has grown in a haphazard manner in response to the 
simplest practical demands of society and the whims of textbook 
writers. Normally, when a t1inistry of Education decides to undertake 
a revision of the curriculum in any subject, the responsibility for 
proposing changes is given to a committee dominated by practicing 
teachers since they are presumed to know what teachers are capable of 
teaching and what pupils are capable of learning. Such factors, 
should, of course, be given due consideration. However, the imagina
tion of each individual in such a committee is usually narrowly 
constrained by his or her particular conditioning so it is very 
difficult to introduce basic changes into a school curriculum. There 
are many other reasons for this. Here we shall describe four. 

(1) Emotion versus Reason 

Mathematics does not corne as naturally to mankind as eating or 
love-making. Shakespeare's phrase "all sicklied o'er by the pale 
cast of thought" conveys the feeling of most of us about logical 
reasoning. Logic destroys the pulsing energy of vivid emotions which 
give meaning and richness to life. Surely, a chief source of dif
ficulty in the teaching and apprehension of mathematics is the fact 
that man is controlled almost wholly by his emotions, and that the 
power to reason and the capability of abstraction are a relatively 
recent and therefore superficial achievement of the evolutionary 
development. 

Even so, our logical powers, whi.ch have their chief employment 
in mathematics, are an essential element in distinguishing Smankind 
from animals. In a recent article, David Wheeler has argued that 
our thought processes are actually mathematical. 

"The special mental functioning that I call mathematiz
ation may be operating even when there is no recognizable 
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mathematical produc6 coming out of the activity. I am 
not sure that Boole was the first to propose that the 
natural operations of the mind are algebraic in charac
ter; I am sure that this is what he meant and that it is 
unfortunate that his discovery has been debased, for many 
people, into the theorem that two-valued sentence logic 
is isomorphic to an algebra of sets. Much more recently, 
the Swiss epistemologist Piaget has asserted that the 
structures of TIlental operations are isomorphic to the 
'mother structures' used as foundations by Bourbaki. The 
evidence for an algebra of the mind is even easier to 
find than in these two sources. 

"I t has been repeatedly s tressed by observers that wi. thin 
a very short time of beginning to speak, young children 
utter grammatically correct phrases and sentences that 
are not copies of any that they have heard others speak. 
It is clear that they could not operate autonomously 
within the grammar of the language without the capacity 
to handle classes (nouns, verbs), inclusion and inter
section (adjectives, adverbs), relationships (preposi
tions), transformations (tenses) and substitutions 
(pronouns). I mention only the simplest and most obvious 
features: in fact the transformational requirements of a 
confident use of grammar are very complex and still defy 
complete analysis. But the chief points at issue are 
that (a) the child's mastery of grammar can only be 
adequately described in terms of mathematical operations, 
and (b) this mastery is not derived by imitation. The 
algebraic character of mental functioning seems proved by 
this one example even though the evidence can be 
multiplied by considering other functionings visual 
perception, for instance." 

The chief and very important point of Wheeler's article is con
tained in the opening sentence "It is more useful to know how to 
mathematize than to know a lot of mathematics". He claims that too 
great an emphasis has been placed, in the traditional approach to 
teaching mathematics, on instilling facts and theorems from outside 
discovered by others. He admits that the "learning" of parts of the 
traditional material is useful, even essential. However, the absorp
tion and retention of "facts" should not be the main object of the 
teaching-learning process - but rather an important by-product. The 
main aim should be that of exploiting, and extending the ability to 
"mathematize" which is inherent in all thinking individuals - by en

93 



MATHEMATICAL 
SCIENCES IN CANADA 

.couraging the s t uden t to exult in the "algebraic" character of mental 
functioning. 

Probably, it will be widel¥ agreed that "mathematizing" is a 
function of the post-mammalian part of the human brain and there
fore inextricably intertwined with the faculties which distinguish 
humans from other animals. The limbic and reptilian aspects of our 
brain are far from being controlled by reason. In a real sense, 
they are threatened by and rebel against reason. Thus, to mathemat
ize involves struggle. But it is the struggle intimately involved in, 
and integral to, the attempt of humans to assert their humanity over 
their animality. 

(2) Undercurrents of Anxiety 

The Study forced vividly on our attention the fact that a de
plorable attitude to mat hema t Lcs is suffused throughout our society. 
This attitude creates unfortunate mental blocks in nearly everyone, 
particularly in managerial and decision-making personnel. It is a 
compound of a s ornewhat envious admiration of those, supposedly few, 
who are gifted with mathematical ability and a pooh-poohing of 
mathematics as an airy-fairy irrelevance to "real-life" consider
ations. 

We fix on the attitudes of elementary school teachers as the 
strategic factor in propagating this unfortunate attitude in Canadian 
society and, hopefully, in correcting it. However, we do not "blame" 
eleillentary teachers for picking up an attitude which is endemic to 
our society. Several years ago a study revealed that the vast major
ity of elementary school teachers in the U.S.A. have anxiety feelings 
about mathematics. Our discussion with mathematics instructors in 
Universities and Training Colleges in Canada leaves us in no doubto othat the same holds true of Canadian teachers. For example of 
92 elementary teachers who pursued a course in 1972 to up-grade their 
status, in deciding which four of five options they would take, 85 
decided to avoid the mathematics course. Personal biographies which 
they all submitted confirmed the impression that they were, indeed, 
"avoiding" mathematics because they disliked or feared it. 

It is commonly admitted that young children and even animals can 
sense feelings without verbal communication. So it is not sur
prising that many children living in a situation suffused with a 
sense of unease about mathematics unconciously absorb this debilita
ting attitude. 



(3) Inadequate Training 

The preceding two factors have been operative over many years 
and not only in Canada. As a result, it has been impossible for past 
programs for training teachers to ensure that the majority of ele
mentary teachers have a confident understanding of ~he mathematics 
which they are called upon to teach. Dr. C.E. Beeby has asserted 
that any educational system is in one of the following four phases. 
I) The Dame School Stage, in which teachers are neither educated nor 
trained. II) The Stage of Formalism, in which teachers are trained 
but poorly educated, the classroom organization is highly organized 
and the syllabus is rigid. III) The Stage of Transition, in which 
teachers are trained and somewhat better educated, but lack full pro
fessional competence. IV) The Stage of Meaning, in which teachers 
are well- trained and well-educated, meaning and understanding are 
now stressed in the schools and individual differences among students 
are taken into consideration. 

It is our impression that most schools in Canada are still in 
Stage II as far as mathematics teaching is concerned, some are in 
Stage III, but very few have attained Stage IV. To make significant 
progress will require long, sustained - almost heroic efforts of 
teacher training in colleges and university and an imaginatively 
conceived large-scale in-service training program. Such a program 
can be successful only if it attracts the enthusiastic effort of many 
lively, able university mathematicians. 

(4) Textbook Situation 

The economics of the publishing business in North knerica milit
ates powerfully against the production of good textbooks or other 
teaching materials. Because what it means to mathematize is so 
little understood by curriculum planners, teachers, or editors of 
publishing houses, the textbook market is an easy prey to fadism. 
The publisher tries to sell his wares by a flashy use of colour, by 
transparency inserts, or by some extraordinary break-through such as 
teaching "dividing" by subtracting "sets" of cardinality equal to the 
divisor! 

We cite two examples of the harm which results from the manner 
in which the textbook market functions in North America. And, of 
course, as far as the publishing of mathematics is concerned, Canada 
is a mere feather on the U.S. eagle. 
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Fifteen or twenty years ago there was a sudden fad of "program~ 

med" learning of various varieties. The publishers feared and/or ex..... 
pected that this was the corning "thing" so many quickly produced huge 
series of programmed texts. A cursory glance at most of these con~ 

vinces any critical informed reader that they were rushed into print 
by authors who may have had some knowledge of the format of linear or 
branched programming but essentially no real understanding of the 
subject-matter with which the text dealt. CurrentlY'lbrofessor A.l. 
Gold of the University of Windsor is undertaking to develop 
remedial courses for 1st Year students who are deficient in the 
prerequisites for university mathematics courses. He searched 
diligently for a good programmed text treating elementary algebra. 
He found only one. It is out-of-print. The exaggerated oversell 
brought programmed-texts into disrepute. This was unfortunate since 
they can fulfill a useful role. 

A publishing fiasco of much greater import for mathematics was 
triggered by the advent of the so-called "New Hathematics". Here 
again the U.S. publishers rushed in and flooded the market with books 
which appeared to meet the new desiderata. This was achieved by 
scattering the words "set", "commutative", "additive inverse", "as
sociative" and "distributive" liberally throughout the text in 
various inappropriate and, by chance, occasionally appropriate 
places. Probably, the nonsense perpetrated in some of these books 
has been the greatest single factor in bringing the new approach into 
disrepute. Most of them attempt to teach jargon rather than ideas. 
Since, for the preceding three reasons, many teachers do not have a 
sure grasp of the ideas which the mathematical reformers are 
attempting to disseminate, few are able to make good the deficiencies 
of bad textbooks or even to conveYlthe meaning implicit in the few 
good ones. Griffiths and Howson quote Dr. Beeby to the effect 
"No change in practice, no change in the curriculum has any meaning 
unless the teacher understands it and accepts it". This truth 
clearly determines, in particular, what a teacher makes of the 
textbook. 

In most parts of English-speaking Canada the textbooks for ele
mentary and secondary mathematics programs corne from the U.S. or 
are Canadianized versions of U.S. texts modified in mathematically 
trivial ways. There is an exception in Ontario where three publish
ers developed series of texts for a curriculum promulgated by the 
Department of Education which was based on extensive consultation 
among Ontario university professors, high school teachers and 

96 



aepartmental officials under the aegis of the Ontario }1athematics 
Commission. These textbooks, which brought the "New Hath" to 
Ontario, are quite conservative in comparison with many of their 
U.S., French or Belgian counterparts. 

There is no agreement among Ontario mathematics professors as to 
whether the net effect of these changes was good or bad. Since the 
new curriculum has been accompanied by very great changes in attitu
des among students, changes in their study-habits in an increasingly 
affluent society, and by the disappearance of Grade XIII examina
tions, it is not possible to isolate the effect of anyone factor. 
At Queen's University throughout the past fifteen years the incoming 
freshman year has been roughly of constant ability and social struc
ture. There, the subjective judgement of the mathematics professors 
is that the average freshmen from Ontario do not have quite as good 
command of the manipulative side of algebra and trigonometry as they 
had when the Grade XIII examination was operative. However, they are 
more than compensated for this by a greater ability to grasp mathe
matical ideas. A lamentable weakness under the old and the new 
regime was and is their lack of three-dimensional spatial imagina
tion. 

In French-speaking Canada, the textbook situation - though not 
dominated by the u.S. - is at least as difficult as in English 
Canada. From the elementary level through CEGEP there are few 
distinguished mathematics textbooks written by Quebecois. So, 
frequently the only ones available were written in France for the 
rigid, conservative and highly idiosyncratic traditional French pro
gram or the recently overly abstract texts by G. Papy in Belgium or 
by Bourbakists in France. However, it may well be that a dramatic 
improvement is in the making centered in the Tele-universite of the 
University of Quebec. In supporting this, the Department of 
Education of Quebec is showing more awareness of the need for 
energetic action to improve mathematics education than is currently 
manifest in any other Province. 

The position of French-speaking students and teachers in Ontario 
is doubly difficult since they are attacking a curriculum for which 
few adequate textbooks or other teaching aids exist in French. A 
Sub-Committee of the Ontario Association for Mathematics Education, 
consisting of French-speaking teachers, has been attempting to pro
duce some teaching aids, on a voluntary basis. However, an adequate 
approach to their problems must involve strong initiative from the 
Department of Education which has not been forthcoming. The Federal 
Government dispenses large sums to the Provinces for the support of 
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French. Surely a first claim of such funds should be the provision 
of adequate textbooks for the children in the Ontario Ecoles 
Francaises. 

The Hay Forward 

Social attitudes such as the wide-spread fear of mathematics 
cannot be changed overnight. Furthermore, no educational system is 
better than the teachers in it. The education of a teacher takes 
five to ten years. To attempt to change the ideas and attitudes of 
practising teachers is a major enterprise. Most of them are so 
overburdened or committed to getting their students through the re
ceived curriculum that they have little interest, time or energy to 
participate enthusiastically in in-service training schemes. Like 
everyone else, they need the holidays to recoup physical energy and 
to relax in order to preserve their sanity. They cannot be expected 
to eagerly devote their holidays to attend courses, especially if 
they must pay for such courses themselves. That so many teachers do 
exactly that is a convincing measure of the unselfish commitment 
which pervades the Canadian teaching profession. There is no doubt 
that, on the whole, they will cooperate effectively with any 
respoi.1sible plan which is clearly in the general good. 

Earlier in this chapter we quoted Dr. Beeby's "model" of educa
tional systems. It is one of his assertions that it is impossible to 
omit any of the four stages in the development of an educational 
system. The n~ny factors involved in the process of modifying cur
riculum fy the schools are analyzed in detail by Griffiths and Howson 
to whom we have already referred. Their book is strongly recom
mended as required reading by anyone concerned with the issues in
volved in making headway in improving mathematics education. It has 
been said - in jest, but half seriously that when the Swedes 
decided on major changes in the schools, they deliberately planned on 
taking thirty years to effect them. Among other factors, it was 
required as necessary that a fair number of persons should die or 
reach retirement before a real change could be effected. 

Possibly Canadian teachers and educational bureaucrats are more 
flexible than their Swedish counterparts. ~onetheless, it must be 
acknowledged at the outset that the type of changes needed in the 
teaching of mathematics in Canada will not be effected in one or two 
years, nor even within the life-span of one Government. Therefore, 
the enterprise needs to be widely understood and approved by the 



public, by various levels of government, by teachers' organizations 
and, of course, by teachers of mathematics in schools and universi
ties. A consistent and well-directed effort will be needed over many 
years. Nor should it be subverted by the commonly observed phenomen
on which dictates that each new Deputy l1inister or Superintendent of 
Education must cancel all the programs of his predecessor in order 
to assert his own ego and prove to the world that he actually has 
arrived on the scene! 

There are many ways forward for improving mathematics education 
in Canada. There is no doubt that the time is ripe to make a great 
leap forward in Canada. Evidence for this is the positive and wide
spread interest with which the Mathematics Study was received on 
almost every hand. Nearly everywhere the Study was recognized as 
Most opportune. The fact that almost 300 individuals and groups from 
every Province submitted briefs bearing on all aspects of the role of 
mathematics in Canada convinces us that there is a large body of 
persons willing and competent to help in this enterprise. Their 
energy needs only to be channeled by means of sensible leadership. 

However, one fact of overriding importance must be in the fore
front of everyones' efforts. To mathematize is to joy! It is to 
exult in one of the powers distinctive of our humanity. It is to 
employ explicitly structures which are implicit in the higher levels 
of our brain. To convey a tone of confidence and satisfaction in 
doing mathematics should predominate over obsession about "covering" 
a predetermined curriculum. This should be true in teaching students. 
But at this juncture, it should be especially true in teaching 
teachers and prospective teachers. There is no other way of dissi
pating the widespread anxiety with which mathematics is regarded. 

There are many constructive practical steps that can be taken in 
Canada at this time. Here are four. 

Use Consultants 

l'1uch greater use could be made of "Master" Teachers or Mathemat
ical Consultants throughout the school system from kindergarten 
through university. If there are specialists for French in Grade II 
in English Canada, why should there not be a system of mathematics 
specialists or, at least consultants, from kindergarten? 
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The well- known poet, W.H. Auden, asserted that well into their 
teens, children should study only two subjects: their native langu
age and mathematics. These two are essential for communication be
tween humans. Most other subjects with which the curriculum is clut
tered are largely non-essential or require relatively mature exper
ience before they can have existential meaning. In view of much of 
the permissiveness which dominates the up-bringing of young people in 
Canada, the political implications of attempting to implement Auden's 
view are horrendous. However, the strength of his position is 
sufficient to require that at all levels of the Canadian educational 
system we should make every possible effort to ensure that the youth 
of our society gain a mastery of French or English and a confident 
control of mathematical thinking. 

Mathematical consultants should be given authority to inter
vene actively when they deem a teaching situation is unsatisfactory. 
Their role should be more than advisory. Naturally, they must be 
tactful people who will not unnecessarily exacerbate the feelings of 
uncertainty about mathematics which are current among teachers and 
officials of Boards and Departments of Education. 

In-Service Training 

A comprehensive program of in-service training for teachers of 
mathematics should be instituted immediately involving the following 
elements: 

(a) Summer courses organized by universities, by Provincial 
Departments of Education, by teachers' organizations, or modelled on 
the wide variety of Slli~mer Institutes for college and school teachers 
sponsored during the past decade in the U.S.A. by the National 
Science Foundation. 

(b) Universities could develop Correspondence Courses both 
credit and non-credit courses - aimed at increasing the mathematical 
confidence and competence of teachers. School Boards should encour
age their teachers to participate by defraying the costs involved and 
by providing released-time. 

(c) The Professional Development Days organized in some provin
ces by teachers' organizations could be used much more effectively if 
a well-conceived cumulative program were designed and mathematical 
consultants and university or community college professors were 
available as resource persons. 
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(d) The facilities of ETV could l2e used to beam into the 
schools courses in which the teachers would be encouraged to 
participate actively. We have already referred to the ambitious 
course offered to the teachers of Grades I-III in Poland. In 
principle, all 30,000 such teachers were obliged to participate. 
There were thirty one-half hour transmissions on the main TV channel 
at 4:00 p.m. during the period January-June 1975, with repetition in 
the late evening. Eight pages of exercises were published twice a 
month. The exercises are very simple and consist mostly of graphical 
schemes to be completed by the teacher. They were marked in each 
county by persons provided with a set of correct solutions. The goal 
of the course is to prepare teachers for a basic modernization of the 
mathematics curriculum. The whole project is directed by Professor 
Z. Semadeni, who is an able research mathematician and is also very 
sensitive to the human and political factors involved, so the project 
is one of the most significant efforts hitherto attempted to use TV 
for mathematics education. 

(e) Groups of interested teachers in geographically convenient 
proximity - for example from two or three elementary and secondary 
schools - could form discussion groups to read books or short arti
cles which would help them gain a deeper understanding of the role of 
mathematics in Canadian society. 

However, we issue a strong warning against the erroneous idea 
that anything worthwhile along the above lines can be accomplished by 
Ministerial fiat supported merely by money. Money will certainly be 
needed. But the main need is dedicated personnel of competent and 
distinguished minds. Currently, these are in very short supply in 
Canada. An in-service program of the sort we are proposing will 
only succeed if a large number of enthusiastic university professors 
devote a great deal of time, energy and creative thought to it. They 
need not be paid extra (apart from out-of-pocket expenses, which 
should be made liberally available). This task is so important to 
the future of Canada that it should be viewed by Chairmen of 
Departments, Deans and University Presidents as being at least as 
important as the sort of research to which the majority of young 
mathematicians are currently devoting much of their time. It should 
be rewarded generously in prestige and promotion. 

Such an in-service program is unlikely to succeed if it depends 
on purely voluntary participation by teachers. This is suggested by 
the experience at the University of Winnipeg in which only 7 of 92 
elementary teachers, who enrolled in a program to up-grade their 
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certificates, opted to take the mathematics course which was offered 
to them. Host teachers are frightened that they wi Ll. not do well in 
a mathematics course. Their fear of possible embarrassment is an 
enormous hurdle. They will need to be encouraged by strong moral 
persuasion. Further, the organizers of courses must begin where the 
teachers are and seek to carry them forward with joy at all stages. 
Therefore, at the beginning, there should be no a priori ideas about 
minimum content. For many years, the essential point will not be the 
content. It will be the feeling. 

Role of University Professors 

The mathematics training of future teachers needs to be re
thought and greatly improved. There is a fetish among university 
professors in nearly all departments that the priceless gift, "uni
v e r s i.t y credit", must not be given for a course of wh i ch the content 
is not of "true university level". Thus, few English Departments can 
bring themselves to teach grammar or prose composition; the French 
Department plunges the naive Canadian student into the poetry of 
Racine or the sophisticated thought of Camus. The process could be 
illustrated by every discipline. The core of the university pro
gram - in mathematics as in most other subjects was established 
for the benefit of honours students who might conceivably end up as 
creative mathematicians. It is this sequence which dominates the 
academic value scheme. Consequently, the "Pass" or "General" 
students are normally regarded as second-class citizens in Academia. 
Those who are not majoring in mathematics know before they start 
that they will never understand mathematics. They did not understand 
it in public or high school, and since the various programs in 
mathematics presuppose that students are positively motivated to 
mathematics and have at their finger-tips all that they learned in 
twelve years, they know with a powerful gut feeling that mathematics 
is not for them. 

A first necessary step forward is for Departments of lfuthematics 
to change their attitude to the problem of "mathematizing" the p'1ajor
ity of students who will never become practising mathematicians. It 
is not adequate to sneer at "CuI tural Mat hema t Lcs " as a "bird" course 
which is not mathematics in any real sense. Of course, this can be a 
valid evaluation of many such courses offered in the past merely for 
the purpose of enabling a non-mathematical student to obtain a 
"credit" or to fulfill a "distribution requirement". However, it 
should be possible to create courses which will arouse an interest in 
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and an understanding of mathematics for students who did not have 
this experience in school. Far from being "bird courses", if they 
engross the interest of the student, they could be as demanding as 
any honours course. To create such a course will require much 
greater effort than lecturing from Ahlfors "Complex Variables". Such 
a course will be dealing with ideas, shaping basic attitudes, leading 
the student into new intellectual territory, teaching him to feel at 
home with new concepts and new thought processes and therefore be 
much more worthy of a "university credit"than most Third and Fourth 
Year Honours ~futhematics Courses which are largely technical 
regurgitations. 

Textual Aids 

A new approach must be developed to the production of mathe
matics textbooks and other teaching aids. As has already been 
argued, our current abject dependence for these on the fadism of 
publishers is most unfortunate. Such materials must be appropriate 
to the curriculum and to the competence of the body of teachers which 
varies markedly across Canada but should gradually improve. If uni
versity mathematicians become actively involved in the training of 
mathematics teachers, they will undoubtedly produce many informal 
sets of notes. With the aid of elementary and secondary school 
teachers, some of these could be worked up into permanent form and 
distributed by means of off-set printing or other inexpensive means. 
As the mathematical competence and confidence of teachers increases, 
we should be able to free ourselves of current widespread lock-step 
tactics of committing whole educational systems to one or two series 
of textbooks aimed by some publisher at what is judged to be a 
universal level of mediocrity. 

An Additional Aim 

Primarily, we proposed that the primary aim of the school mathe
matics programme should be to raise the general level of understand
ing by all citizens of the meaning and role of mathematics in modern 
society. The program in secondary schools and community colleges 
has an additional important purpose - to lay a sound basis for the 
technical mathematical training of those students who will - or \vho 
are likely to - need mathematics for professional purposes. In ac
complishing and reconciling these aims, it is necessary that the 
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mathematics curriculum be under continuing review. Input to the 
~futhematics Study from Briefs, the Seminars and the Questionnaire 
highlights three areas of current concern. (a) The apparent lack of 
relation of the current mathematics programs to applications in 
society or in other school subjects. It would be generally 
beneficial in many secondary schools and community colleges if the 
sequence of topics in mathematics were closely integrated with 
courses in Shop Mechanics, Physics or Chemistry depending on the 
circumstance of the school and the student. (b) Increasingly the 
computer is influencing all our lives. A critical evaluation of what 
can and cannot be done with computers might well find a place in the 
high school curriculum. However, the tendency in some school systems 
to blow this concern up into a two-year course which leaves the 
student with a fixation on FORTRAN, that may well mar him 
irretrievably for life, is going too far in our view. (c) No 
literate person in our society can fail to read about the statistical 
evidence that smoking causes cancer or that lower maximum 
highway speed decreases the number of fatal accidents. Nor can we 
avoid being bombarded by "scientific statistical" evidence that 
GLOWSHEEM toothpaste is 71% ~ore efficient than any other. Certainly, 
Statistical Theory is one of the most widely applicable parts of 
mathematics and some introduction to it is appropriate in secondary 
schools. Those statistical ideas which would be helpful for all 
citizens should gradually be suffused throughout thI3 school program 
from the earliest grades. The comprehensive brief submitted to 
the Study by the Statistical Science Association of Canada has much 
comment pertinent to this point. A project of great interest is 
currently being undertaken under the direction of Professor Ian 
MacNeill of the University of Western Ontario to produce text 
materials for an introductory high school statistics course. 

Recommendation 

The following recommendation attempts to sum up all the pre
ceding. We do not pretend that our specific suggestions for positive 
action are at all sufficient. They are all necessary but do not ex
haust the possibilities that will emerge if able creative minds set 
to work energetically to improve mathematics teaching with the strong 
and persistent backing of the several governments. 

The provincial Ministers of Education should take vigorous 
action to improve the teaching of mathematics in the elementary and 
secondary schools. 
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Notes - Chapter IV 

1.	 The quotation is the royal command, promulgated on March 5, 1887, 
that initiated modern mathematical education in China. It is 
cited on the frontispiece of the book described in the following 
note. 

2.	 Excerpts from the conclusion pages 306-7 of Mathematics Education 
in China: Its Growth and Development, by Frank Swetz, MIT Press, 
1974. This fascinating book came to hand too late to affect the 
writing of this Report. Like most cross-cultural studies, it is 
very valuable in enabling us to see ourselves by contrast with a 
radically different society. 

3.	 Torsten Husen, International Study of Achievement in Mathematics, 
Almquist and Wiksell (Stockholm) and John Wiley, (New York), 
1967. The quoted Standard Deviations seem absurdly high but are 
those given by Husen. 

4.	 ~1orris Kline had a distinguished career in applied mathematics at 
New York University where he directed research on the mathemati
cal behaviour of radio waves. Between 1942 and 1945 he designed 
radio meteorology equipment for the U.S. Signal Corps and holds 
the basic patent for the system employed by the U.S. Armed 
Forces. He is the author of the lively and interesting book 
r~thematics in Western Culture, Oxford University Press, 1953. 
He is a master of polemic which he has directed against his 
conception of the "New Math". Unfortunately, he seems sometimes 
to get carried away by his own rhetoric. Such was the view of 
several rather conservative teachers who heard him in Toronto 
several years ago. However, he should be taken seriously since 
he has an unusually extensive knowledge of classical mathematics, 
a passionate concern for teaching and a vivid witty style. 

5.	 David Wheeler is a British mathematical educator now living in 
the U. S .A. He quote from an article whl ch he wrote for the Notes 
of the Canadian Mathematical Congress, October 1974. 

6.	 George Boole (1815-1864) was a self-educated mathematician of 
great power. Bertrand Russell said of him: "Pure mathematics 
was discovered by Boole in a work which he called The Laws of 
Thought (1854)". Boolean Algebra, named after him, is an algebra 
of sets which now is applied in designing complex switching 
circuits. 
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7.	 A first draft of this paragraph was criticized for its "ni,nete-
enth century psychology". In fact, it echoes recent studies of 
the evolution of the brain which purport to show that the human 
brain has distinct parts recognizable chemically and histologi
cally. The part which controls basic physiological process is 
common to the reptiles; overlaying that is the limbic system 
which plays a key role in our sexual and emotional responses; 
and, emerging late in the evolution of the human species are the 
large frontal lobes which enable man to rationalize. During a 
visit to the Bedford Oceanographic Research Institute we learned 
that the brain of a whale is much larger than that of a human. 
One theory claims that the whale needs a very large mental 
computer to analyze the sonar signals which he uses to explore 
his environment. 

8.	 Reported to the Study by the Chairman of the lfuthematics Depart
ment of the University of Winnipeg. 

9.	 The quotation is from a chapter by Beeby entitled "Educational 
Aims and Content of Instruction", in Essays on World Education 
edited by G.Z. Bereday, Oxford University Press, 1969. 

10.	 As part of an Ontario Remedial Mathematics Project supported by 
the Ontario Universities Program for Instructional Development. 
An interim report is available from Professor A.J. Gold, Depart
ment of ~1athematics, University of Windsor, Windsor, Ontario. 

11.	 H.B. Griffiths and A.G. Howson, Mathematics Society and Cur
ricula, page 62, Cambridge University Press, London, 1974. 

12.	 Under the name PER1~V~ the University of Quebec has developed an 
ambitious program of courses by TV for school teachers. A 
fascinating account of this and related developments in 
mathematics education in Quebec can be found in Fasicule II: 
Parts 1 and 2, of Apprentissage de la mathematique et education 
prepared by Professor Claude Gaulin, of Laval, in connection with 
PERMAMA A~II issued by the Tele-universite of the University of 
Quebec. 

13.	 For information about this, consult Professor Ian MacNeill, 
Department of 11athematics, University of Western Ontario, London, 
Ontario. 
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Chapter V 

Teaching Mathematics in Community Colleges 

"I have read the mathematics till I am grown perfectly 
stupid~ and have algebraically worked away the little 
portion of understanding that was allowed me. They have 
not eVen left me the qualities of a coxcomb; for I can 
neither laugh nor sing~ nor talk an hour upon nothing. 
The latter of these is a sensible loss~ for it excludes a 
gentleman from all good company and makes him entire ly 
unfit for the conversation of the polite world. " I 

General Holfe 

According to the mathematics teachers in community colleges who 
wrote to the Study, James Wolfe was not alone in having difficulty 
with mathematics. rillny students come to community colleges with an 
inadequate control of even the most basic elements of arithmetic, al
gebra and geometry. This constitutes a fornidable handicap for them. 

The New Fac tor 

The sudden rise of the community colleges about ten years ago in 
various parts of Canada represents a most significant and welcome 
development in the Canadian educational scene. Hitherto the possib
ilities for education beyond secondary school were extremely limited 
apart from university. ~ve had nothing comparable to the diversified 
system of technical and other specialized colleges in 2he United 
Kingdom and Germany, or the variety of community colleges in the 
U.S.A. As a result, we have placed an exaggerated value upon a uni
versity degree, and have demanded that the universities provide types 
of training which they are not properly equipped to give. Hence 
there has been an unhealthy explosion in the number of students seek
ing admission to university and a dearth of young people properly 
trained in a wide variety of technical skills essential to modern 
society. 

l-'le are using "Community College" as the generic term for non
universi§y post-secondary educati~nal institutions such as the 
CEGEP's in Quebec and the CAATs in Ontario. Their fundamental 
raison d'etre is to educate students in a wide variety of skills 
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needed by our society, not only in mechanical and electronic trades 
but also in various service and aesthetic sectors of the work force 
which are becoming of increasing relative importance. 

According to one correspondent 5 in Ontario a CAAT is normally 
divided according to the following divisional disciplines: 

1. Business 
2. Applied Arts 
3. Health Sciences 
4. Hanpower Training (Including Trades Training) 
5. Technology 

Within the category of lfunpower Training are such instructional 
programs as barbering, carpentry, electrician, meat cutting, plumb
ing, and welding - categories that may be described as trades before 
the advent of Community Colleges in the mid 1960's. Some of these 
courses are of one year duration. Within the confines of Hanpower 
Training is also found supporting instruction for Industry-based 
Apprenticeship Programs. Students, mostly with grade 12 education, 
(although grade 8 is a minimum requirement in some instances) are 
employed by companies as apprentices where part of their instruction 
is acquired through a specific College Program. 

On the other hand, the programs that fall within the scope of 
Technology are divided into two distinct levels of instruction, the 
Engineering Technician which is a two-year program and the Engineer
ing Technologist which is a three-year program both with specific 
disciplines such as: 

1. Aeronautical 6. Geological 
2. Chemical 7. Industrial Instrumentation 
3. Civil 8. Hechanical 
4. Electrical 9. Metallurgical 
5. Electronics 10. Mining 

In a number of the College Programs, the essential difference 
between a technician and a technologist is his mathematical ability 
to solve problems and design practical solutions in support of en
gineering functions under the direction of qualified engineers and 
scientists. 

Both the Manpower Training and the Technology Divisions may be 
described as "Technical Education and Training" but with separate and 
distinct objectives requiring different levels of academic prerequis
ites. 
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In particular, College Technology Programs are closely related 
to University Engineering Programs where a thorough understanding and 
ability to use mathematical principles are essential. To acquire 
this knowledge, students should follow an academic stream. 

Not so many years ago, industry relied quite heavily on second
ary schools to produce a graduate who could adapt very quickly to a 
machine shop, autobody shop, or an electrical shop. There were es
sentially no schools between secondary school and university. As a 
result, some aeronautical engineers were employed essentially as 
draftsmen, junior electric engineers wired up prototypes and so 
forth. The advancements made in technologically-oriented fields 
today have surpassed the capabilities of most secondary school 
graduates and now industry is turning to the college graduate with 
increased knowledge and training to perform similar tasks, but with 
greater accuracy, more precision, and greater economy, and employing 
in many cases, more sophisticated equipment. 

A survey of the faculty of Cambrian College revealed that many 
students who enter the technical programs of the College have diffi
culty with arithmetic, notably the handling of fractions, and too 
frequently they cannot manipulate simple algebraic expressions. 
They also noted that similar subject headings used in various sec
ondary schools have very little connection with the subject matter 
actually taught and that standards of accomplishment vary widely 
among schools. This causes almost insuperable difficulties for the 
instructors in the CAAT and is a source of much frustration for the 
students. 

In Quebec, the CEGEP's not only provide instruction in areas 
covered by the CAAT's in Ontario, but also offer extensive academic 
programs which, in mathematics, are similar to the 1st and lInd Year 
offerings in anglophone universities. Naturally, no one college can 
provide in-depth training for the full spectrum of the needs of our 
technological society. Some of them have notable excellence in a 
particular topic, e.g. the College in Burnaby, B.C. specializes in 
Forestry; Algonquin College in Ottawa is very good in Electronics. 

Another correspondent 6 is critical of the lack of effective 
interaction between the CAAT's in Ontario and the universities. He 
believes that "the Colleges should be related to neighbouring uni
versities which should have representatives on their Boards and plan 
coordinated programs. In Europe, Technical Colleges are" long est-

I 
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ablished and prestigious. Ours even hesitate to take a PhD on staff! 
This is the tragedy of our position. We have learned too little from 
experience elsewhere. We take over the wild enthusiasm for a univer
sity degree from the U.S.A. Even there, HIT and Rensselaer Poly
technic are old institutions with recognized standing of a high 
level. The tiresome dichotomy between teaching and research could 
sort itself out given proper standing of our community colleges. 
This must come, since the high schools are even more terrified of 
PhD's~ Hathematics is a good subject on which to base such 
general criticisms of the system since it is involved in so many 
aspects of education, not just engineering but statistics, the social 
sciences and science generally." 

The Corps of Teachers 

Professor Robinson's suggestion that the Community Colleges and 
the high schools should employ more PhD's will be met with dismay in 
some quarters. The sort of attitudes which the traditional prepara
tion encourages in mathematics PhD's probably means that few of them 
would be truly satisfactory in a College or high ,chool. However, we 
are reminded of a passage in the remarkable book that Wittenberg 
was writing in 1965: 

"How many of the teachers of the various academic sub
jects in Ontario high schools hold the various types of 
academic degrees: doctorates, master's, first-class 
honours bachelors, etc. We do not know . . . . ~o such 
statistics are available . . • . For all we know, it is 
quite possible that there may be high schools without a 
single really qualified specialist teacher in an academic 
subject. I need not point out that, if this 
were the case, it would be a crushing discrimination 
against the students in such schools . . . . The graduates 
of our high schools will have to compete with those of 
schools in other countries later on - if not directly, 
certainly indirectly, through economic and social 
achievement; they will have to compete, for instance, 
with the graduates of the very ordinary Swiss high 
schools in which I taught ten years ago, in which every 
teacher of mathematics had a PhD, with one exception - a 
man who had a first- class master's degree." 
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Alexander Wittenberg was a profound commentator on the educat
ional scene in North America. On every possible occasion he empha
sized his conviction that the strength of any educational system is 
determined completely by the quality of the corps of teachers. Be
cause of the manner in which Community Colleges were created over
night by fiat of the provincial governments, there has not been time 
to train a truly adequate teaching staff or to articulate a proper 
rationale for the functioning of the highly diverse elements which 
cohabit under the broad Community Colleges umbrella. He may hope 
that through a gradual evolution the system will steadily improve. 

Mathematics in the College 

If the experience of one dedicated and innovative mathematics 
instructor in a Community College is typical, a long road ahead must 
be traversed before mathematics comes to play its proper role in the 
Community Colleges. He has the feeling that the majority of his col
leagues in the mathematics department are continually on the defen
sive, afraid of new ideas and largely unqualified to explore new 
paths. At the same time he can perceive obvious possibilities for 
making mathematics more relevant to the training of the students in 
his college. 

At present in most of the Community Colleges, the function of 
mathematics is viewed as basically practical, e.g. accurate control 
of arithmetic, perhaps aided by pocket calculators, is needed for 
shop-work; the properties of periodic functions, especially the sine 
and cosine, are needed for understanding of electronic equipment; 
the logic of algorithms is fundamental to programming and computing. 

The inadequacy of the elementary and secondary schools in ensur
ing that their graduates have an accurate and secure control of basic 
mathematics, coupled with the absolute necessity of this for many of 
the programs in the community Colleges has forced the latter to 
create new approaches to remedial mathematical instruction. The 
rnathematics instructors in the Community Colleges tend to be more 
"hard-headed" than those in high schools or universities. This is 
good. 

Fanshawe College in London, Ontario has, largely through the 
initiative of R. Zimmer, developed a l1athematics Learning Centre 
which has broken new ground for Canada. Students come to the Centre 
on a purely voluntary basis when they encounter difficulty with 
mathematics. The Centre has available a wide battery of diagnostic 
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tests designed to pin.....point the student's difficulty, If a.nd when 
this is accomplished, the student's attention is directed to a 
variety of self..... study materials in programmed-learning books or on 
tape. Individual guidance and encouragement is provided to enable 
the student to overcome his difficulties and to test his own pro
gress. In its first year beginning in 1974, the Centre helped ap
proximately one thousand students. 

However, there is no inherent reason for the mathematics curric
ulum in a Community College to have a purely utilitarian aim. This 
may be necessary and sufficient for students whose sole interest in 
mathematics is to use it as a tool in connection with some technical 
pursuits. However, the Community Colleges are increasingly serving 
as centres for the continuing education of persons intensely con
cerned with broadening their cultural and intellectual horizons. At 
least one Community College in Vancouver offered a wide-ranging 
course in the history and social significance of mathematics which 
was extremely well-received. 

Unfortunately the Study Leaders were unable to devote the time 
and energy necessary to gain a real grasp of the actual condition of 
mathematics and its teaching in the Community Colleges. Nor did we 
receive sufficient information about mathematics in Community 
Colleges, through briefs or other means, to be in a position to make 
meaningful recommendations on this topic. 

However, we are convinced that the Community Colleges occupy a 
most strategic position for the effective deployment of mathematics 
in the service of Canadian society, and we urge that if a 
Council for the Mathematical Sciences is brought into being as a 
result of this Study, then it should give very high priority to 
instituting a thorough subsidiary study of mathematics in the 
Community Colleges. 

Notes - Chapter V 

1.	 This is from a letter of General James Wolfe to his father taken 
from Wolfe of Quebec, White Lion Publishers, London and New York, 
1973, p. 95. Note that "sensible" is used in its former meaning 
of "significant". 
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2.	 The first National Convention of Two-Year College Mathematics 
Departments in the U.S.A. was held in New York City in April, 
1974. It was attended by 289 representatives of 120 colleges in 
28 states. The t1ATYC Journal - the organ of Mathematics Associa
tions of Two-Year Colleges - is in its ninth volume. Its stated 
purpose is to "facilitate the exchange of ideas pertinent to 
mathematics education at the two-year college level". 

3.	 College d'Enseignement General et Professionel. 

4.	 College of Applied Arts and Technology. 

5.	 G.C. Field, P. Eng., Chairman of the Electronics Instrumentation 
Department of Cambrian College of Applied Arts and Technology in 
Sudbury. 

6.	 Dr. Gilbert de Beauregard Robinson is an emeritus professor of 
the University of Toronto. He is widely recognized as the world 
authority on the symmetric group and its representations. He 
concluded his distinguished career at the University of Toronto 
as Vice-President for Research Administration. 

7.	 The Prime Imperatives: Priorities in Education, p. 34 (Clarke, 
Irwin and Company Limited, Toronto, Vancouver, 1968) is a probing 
analysis of education in Canada by Dr. Alexander I. Wittenberg, 
the internationally known authority on the philosophy of science 
and education who studied and taught in Switzerland. He joined 
the faculty of Laval in 1955, later moved to York University and 
was actively involved in improving mathematics education in 
Canada until his untimely death in 1965. 
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Chapter VI 

Teaching Mathematics in University 

"The primary reason for the existence of universities is 
not to be found either in the mere knowledge conveyed to 
the students or in the mere opportunities for research 
afforded to the members of the faculty. 

r~he justification for a universibj is that it preserves 
the connection between knowledge and the zest of life~ by 
w1iting the young and the old in the imaginative 
consideration of learning. The university imparts 
information~ but it imparts it imaginatively. At least~

1 
t this is the function which it should perform for society. 

A university which fails in this respect has no yeason
f 
f
f 

r 

for existence." - A.~L Hhitehead 

In the present chapter we discuss the teaching of mathematics in 
Canadian universities. Clearly the success of the schools and 
Community Colleges in co~~unicating mathematics depends crucially on 
the lUiowledge and attitudes which the university imparts to those of 
its students who become mathematics teachers. However, among the 

t
 
t 
i/ respondents to the Questionnaire, 60% of the Bachelors, 43% of the 

t

f

I 
Haster's and 12% of the Doctors are working for industry or 
government, so it would be unwise for the program of 
university mathematics departInents to be geared, explicitly or 
implicitly, for the training of mathematics teachers only. 

HO~vever, whatever we do in the university, if we are not to fall 
under Whitehead's condemnation, our students should emerge with 
imagination kindled and with zest to explore the beauty, practical 
utililty and wide-ranging outreach of mathematics. 

Undergraduate Programs 

Comments on undergraduate mathematics came to the Study from 
three sources: (a) rhe Seminars, (b) Questionnaire, (c) Briefs 
from a variety of persons - principally university professors. Of 
course, there was not an absolute unanimity of views. However, there 
was a majority opinion which surprised us by the conviction with 
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'which it was held by quite diverse groups in the population sampled 
by the three techniques enumerated above. It is our impression that 
90% of the participants in the Seminars from outside the university 
and, depending on the issue, 65% to 85% of the respondents to the 
Questionnaire held the following opinions rather firmly. 

(a) University programs should not be regarded as technical 
training schemes to produce a neatly embossed product to fit 
perfectly into a predetermined slot. In particular, the most valu
able effect of studying mathematics is seen to be the inculcation of 
a way of thinking, and a power of analysis which seldom results from 
other forms of training. There was widespread acknowledgement and 
appreciation of the fact that the mathematics departments in Canadian 
universities have been quite successful in enabling many of their 
graduates to gain these invaluable abilities. 

(b) However, most of these graduates are unable or are afraid 
to take initiative in unfamiliar situations. If a well-defined 
mathematical problem is proposed, which falls squarely into a 
category with which they are familiar they can and will gladly solve 
it. But they have little ability to tackle unfamiliar, or to model 
ill- defined real life problems. Their training has consisted too 
much of absorption and regurgitation. It has not developed in them 
confidence in their own ability. 

(c) Furthermore, our graduates are generally sadly lacking in 
the ability to communicate and work with others. This is due partly 
to their poor command of English, commonly, to their unfamiliarity 
with any science other than mathematics, and to the almost exclusiv
ely individualistic nature of the study process as it is practised in 
Canadian high schools and universities. 

(d) Apart from basic linear algebra, statistics and computing 
and the concepts of derivative and integral, it is hard to argue that 
any other element of the normal honours mathematics program e.g. 
complex function theory, Galois theory of fields, 2uler's equations 
- is essential for students who will later use mathematics in their 
jobs. However, it is desirable that they develop the ability to 
"pick-up" a new mathematical technique or theory if and when they 
need it and not be intimidated by such a necessity. 

It will not be easy for mathematics departments to modify their 
programs so as to effectively meet all the desiderata suggested by 
the above comments. Some of the factors which militate against this 
are deep-seated in Academia and not peculiar only to mathematicians. 
We attempt to explicate only the more obvious. 
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Even though the infamous slogan "publish or perish" has been 
much less applicable to Canadian universities than to universities in 
the U.S.A. with outstanding or aspiring Graduate Schools, it points 
to an attitude which dominates the spirit of most academics. Their 
highest loyalty is to their discipline. They will gain prestige and 
the respect of their peers by research in their discipline. This 
means adding some new fact or theory to the discipline. A good 
professor is an enthusiast for his discipline. If he were not and 
had any self-respect and ability, he would change disciplines. 
Hence, the university often appears not so much as a community of 
scholars, but as a collection of Departments pursuing fame in their 
several disciplines. In this context, the ultimate object of 
teaching is to lead the student to the highest level in the disci
pline of which he is capable since, it is argued, this is the best 
education. Only by intense application to a well-defined subject 
matter will the student get beyond the superficial level of jack-of
all-trades - master-of-none. 

Although there is great force in this last argument, it is often 
used inappropriately. Too frequently the basic guiding principle, 
implicit in many structures of Honours programmes, has been that the 
supreme good is a replication of the species mathematicus academicus. 
The effect of this is to direct the main interest and concern of the 
department to the teaching of those few who conceivably are destined 
to the high calling of professors or research mathematicians. All 
others are really of no importance and are expected to be content 
to feed on the crumbs left over from the superb banquet on which only 
the select could hope to satisfy themselves directly. 

The attitude which is being parodied here is especially absurd 
when it appears, as it does in nearly every Canadian university, 
among mathematicians, but it is endemic to nearly all Departments in 
Arts and Science and is at the root of much of the malaise affecting 
the university in the Western world. It would be foolish to count on 
the immediate disappearance of so all-pervasive an attitude. However, 
we may hope that Canadian mathematicians will succeed in ap
proaching this issue more rationally than some of their other col
leagues. 

Another factor which tends to result in an overemphasis of fact
ual content, rather than attitudes and ability to mathematize, is 
that a good mathematician loves mathematics. He feeds on mathematics 
with a greater lust than the lotus-eaters feed on lotus or the wine 
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connoisseur enjoys a Cor ton Clos du Roi, 1961. He cannot understand 
that others may not obtain the same satisfaction he does. This is 
especially characteristic of young instructors. They are often 
"carried away" with their subject. From a human point-of-view, many 
students are delighted to witness such enthusiasm. One is more 
encouraged about the human race by watching an enthusiast for 
something as relatively harmless as mathematics than by listening to 
a bored cynic! Even when they hardly understand anything, students 
will speak warmly about their instructors' enthusiasm. They may 
learn little mathematics, but they are encouraged to believe life is 
worthwhile. This is not to be sneered at! 

Of course, it is much easier to teach mathematical facts and 
theories than how to communicate or how to work together. In order 
to avoid these latter more difficult tasks, the mathematics professor 
will say that these are the responsibility of the high school, of the 
English Department, of psychologists, of the Boy Scouts, of the home 
and of the Church. In any event, not the responsibility of the 
mathematics department! After all, the mathematics department, as 
everyone knows is responsible solely for the Discipline! Our task is 
to teach the meaning of group, field, real numbers, filters, 
statistics, hilbert space, and differential equations, and 
occasionally their applications. We know from experience that even 
this task is almost impossible. Clearly, no one else is competent to 
attempt it. It is unreasonable to expect us to do more ... so, the 
argument often goes when we mathematicians gather together. 

Further, it is much easier to examine students on whether or not 
they can solve a well-posed mathematical problem or prove the Heine
Borel theorem, than to examine them on their ability to formulate 
models of ill-defined situations, to communicate their ideas or to 
work with others. If we were to venture into these uncharted 
regions, our marks would lose their present pristine objectivity. We 
would have to make subjective judgements of the vague and 
unsatisfactory type for \vhich we are constantly criticizing our col
leagues in the humanities and social sciences. 

There are good and bad reasons tending to prevent mathematics 
departments from interpreting their task as anything other than pro
viding a technical mathematics training. However, the signal re
ceived by the Mathematics Study from many diverse sources is ambigu
ous. "This you should have done, and not left the other undone." 
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What can we do? 

The briefs and the Seminars suggested many specific ideas. How
ever, each particular mathematics department must find its own way, 
given the insight and abilities of the members of the staff, the aims 
and quality of the students and the resources which are available 
locally. There are few - if any - universities in Canada which would 
not profit from a critical examination of their mathematics program 
in the light of the comments which have come to us through the Study 
and are summarized above or suggested by the results of the Question
naire reported in Appendix I. We venture the following suggestions: 

1) Almost all mathematics professors, when pressed, allege that 
their highest ambition in undergraduate teaching is to convey not 
specific content but rather a way of thinking. It was this way of 
thinking which we previously referred to as mathematizing. However, 
much of our effort is directed at lecturing students and then testing 
them not on their ability to mathematize, but on their skill in re
gurgitating the content of the lectures. This habit of university 
staff derives from the medieval practice at the University of Bologna 
where the students contracted with the lecturer at the beginning of 
the term as to exactly how many pages of the prescribed text he would 
read to them (only the professor had a copy). If at the end of term 
he had not fulfilled the contract, the students did not pay their 
fees! 

We need to devote more time and effort explicitly to the task of 
encouraging - indeed, forcing - students to mathematize. In doing 
this, it will certainly be necessary for them to learn specific 
pieces of mathematical lore. The mathematical content of the course 
would be chosen as a result of experimentation to discover the most 
suitable material with which the students could develop their mathe
matical powers. There is a slogan which is quite apposite in this 
context - higher intellectual skills can be learned but not taught. 
Learning to think mathematically is not easy for the average student 
- many of whom want the professor to write everything on the board to 
be copied, protest that it is unfair to examine on any topic which 
was not treated fully in lectures and study with the purpose of 
dishing back on examinations more or less verbatim the material 
"taught". Exposition-regurgitation is the method which demands the 
least creative effort from staff and students and is therefore an 
irresistible universal temptation. 

However, for mathematicians, there is a special temptation. A 
topic such as the theory of Complex Functions, Galois Theory of 
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Fields, Convex Programming or C* -algebras can have extraord~nary 

elegance and the beauty of a Bach fugue. There is great joy for the 
lecturer in expounding and for the student in witnessing the 
development of such a topic. But contemplation of the beauty of 
great mathematics is not the active demanding work of mathematizing. 
Indeed, contemplation can cut the nerve of action. There was a 
critical moment in the early history of the Society of Jesus when 
Ignatius Loyola peremptorily ordered the Spanish monks to stop 
praying so much and minister to the sick and the poor. For many 
students, the evil habit begins in high school where they study only 
complete mathematical theories and gain the conviction that all 
mathematics is polished and neat. 

The practical point which is being made here has been made many 
times before. }fathematicians should put much less stress than they 
are wont to do on expounding large, logically coherent portions of 
mathematics. Rather, they should employ techniques of teaching which 
force students to think for themselves. Hence more emphasis should 
be placed on: 

a) the origin and background of problems; 

b) the intuitive, trial-and-error methods which all mathemati
cians employ to actually solve problems, rather than swift exposition 
of a neat solution; 

c) problem-solving by students in groups and in tutorial 
sessions; 

d) independent study projects by individuals or groups of 
students. 

Certainly this path is not as easy for the professor as the 
classic exposition-regurgitation process. It will almost certainly 
meet resistance from some students. However, if reasonable examining 
methods are employed and if the value of the skills which will result 
are explained carefully, the enthusiastic participation of students 
can be gained. And, in the final analysis, successful doing is more 
rewarding than mere contemplation - to mathematize is to joy! 

2) We mathematicians must relate more effectively to other dis
ciplines - physics, chemistry, engineering, economics, psychology and 
biology. Each mathematician should strive to have an informed under
standing of at least one other such discipline at a level which will 
enable him to discuss research papers involving the application of 

120 



mathematics with university colleagues in the other discipline. In 
this way, an average sized department will be able to relate meaning
fully to all the users of mathematics in the university and be able 
to convince students of the relevance of mathematics to their princi
pal discipline (if it is relevant!). 

To the inevitable cry that the young mathematician will not have 
time to learn another discipline and also write papers in his own 
subfield of mathematics, there are two responses. (i) He should 
have learned something else besides mathematics during his under
graduate and graduate training - a point to which we shall return. 
(ii) Developing such outreach into other disciplines is much more 
important to the university and to the mathematical community than 
many of the papers written by mathematicians in Canada or any other 
country. Further, most mathematicians will derive greater satis
faction from real interdisciplinary interaction than from publishing 
a paper which is read only by themselves and the referees. 

3) Honours mathematics students should be required to pursue at 
least one other subject in which mathematics is employed in a signif
icant fashion. Their study of the subsidiary subject should be mon
itored by the mathematics department to ensure that they gain an un
derstanding of how mathematics is relevant to it. It has been argued 
that there is occasionally a student who is only good at and/or in
terested in mathematics and if he wants to be a pure mathematician, 
he should not be forced to study anything else. However, in the 
foreseeable future, unless he is a Gauss, a Hilbert or a von Neumann, 
he is unlikely to get a job in Canada unless he can talk to someone 
other than a mathematician. If a future Gauss did turn up, he should 
be recognizable and an exception could be made. Of course, Gauss, 
Hilbert and von Neumann were all quite competent in disciplines other 
than mathematics! 

4) Host English and French Departments do not undertake the 
dull and difficult task of teaching language as a tool for communi
cation. This would be hard and uninteresting work so they prefer to 
treat life and its values as seen through literature. Therefore, if 
graduates of mathematics departments are to be able to communicate 
with the rest of the world, the mathematicians will have to teach 
them how to do so since in recent years the elementary and secondary 
schools have been less than successful in carrying out this task. 
Three practical methods: (a) Written exercises should be marked 
stringently for format, for grammatical form and spelling. (b) Each 
year all students should submit a minimum of two short essays on the 
history or applications of mathematics. (c) Approximately half of 
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the exercises should be submitted by groups of three to five students 
who will be urged to meet to discuss the solutions, explaining them 
to one another. In rotation, one member of the group would be 
responsible for writing up and submitting the solution. 

5) For most mathematics departments, the guiding principle in 
shaping the entire spectrum of undergraduate offerings has been to 
create a set of courses for the Honours stream. This is usually a 
sequence of at least eight and, allowing options, often as many as 
twenty courses. At Queen's, indeed, there are twenty-four courses 
offered primarily to Honours students. In this respect, Queen's is 
merely typical of the larger departments such as Dalhousie, Laval, 
HcGill, Toronto, ~-Jaterloo, Hani toba, Alberta and UBC. This preoc
cupation with honours courses is such a universal mind- set that even 
some of the small newer departments devote 50 percent or more of 
their teaching effort to the courses of the Honours stream even 
though they have only 2 or 3 math majors in third and fourth year 
while they have the opportunity to teach several hundred users of 
mathematics. 

II How can this absurd situation be explained? Very simply: the 
herd instinct! Between 1930 and 1960, the Mathematics, Physics and 
Chemistry Course at the University of Toronto was a magnificent 
program which attracted a very large proportion of the ablest 
students of Ontario (winners of scholarships in History or Classics 
who carne to University College frequently ended up in M., P. and C.). 
It gained a high and well-deserved reputation by an extraordinary 
performance in the Putnam Competition and by the success of its 
graduates in the leading American graduate schools. The rest of the 
mathematics departments aped Toronto. They were frequently staffed 
by its graduates. 

Furthermore, every young PhD has an understandable desire to 
teach an advanced course in his particular topic. Before 1950, there 
were very few graduate students in mathematics in Canada so everyone 
wanted to teach a senior honours course. Because the main loyalty of 
every "good" academic is to his discipline, we were convinced that it 
was - and is - our duty to expound every possible aspect of mathe
matics for all those - rather few who had the perspicacity to 
listen to us. At the same time, we were satisfying our procreative 
instinct - replicating the species. (Indeed, is it not a Biblical 
injunction "be fruitful and multiply"!) 

In such a context, the sobriquet "service course" connotes a 
tedious imposition which diverts the mathematician from his true 
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calling. This, despite the fact that it is the students in "service" 
courses who will make effective use of mathematics for the good of 
society, who justify our salaries and from among whom many of the 
leaders of government, industry and finance will be drawn. The un
dergraduate experience of these students with mathematics will be the 
greatest single factor in shaping the future attitude of society to 
the mathematical community. 

The practical consequence of the preceding considerations is 
that most Canadian mathematics departments should revamp their course 
offerings in order to provide the best possible set of courses for 
the users of mathematics. lfuen this has been accomplished, thought 
can be given to a supplementary program for the training of intending 
pure and applied mathematicians. Such a program for Honours students 
should emphasize not lecture courses but rather independent 
study, which encourages the students to learn to read and synthesize 
mathematics and tackle problems on their own or together with fellow 
students. 

6) In order to break the current isolation of academic mathe
maticians from those who use mathematics as a tool, we must create 
many new channels of communication between the mathematicians in 
universities and community colleges on the one hand and the users of 
mathematics in business, industry and government on the other. At 
the student level, the placement of students in mathematically 
significant jobs during the summer, or during the year by such 
schemes as the Cooperative Programme of the University of Waterloo, 
is an important step in the right direction. However, if curriculum 
is to be relevant and courses are to be taught properly, then 
university professors need first-hand experience in the situations in 
which mathematics is deployed. To this end, it must become much 
easier for people to move back-and- forth for short periods between 
university, community college, government, business and industry. It 
is hypocritical for people in industry and government to accuse 
professors of being in an ivory- tower if they erect impenetrable 
psychological and practical barriers to effective interaction. 
Assuming that, on the average, 15 percent of a professor's annual 
salary would cover travel and other out-of-pocket expenses needed for 
a displacement of two to six months, one can estimate that if 3 
percent of the salary budget were available to expedite such 
ventures, then each staff member could have such an experience every 
five years. If this expense were shared among universities, industry 
and government, it would be small in comparison with the long-range 
benefits which all parties could expect. However, the major 
immediate impediment to any such scheme is the belief of young 
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faculty members that the only item of real significance in 
determining their prestige and promotion is the number of papers they 
publish. Therefore, if a scheme of the above nature is to get 
off-the-ground, the reward system in the university needs to be 
dramatically revamped. This point will be discussed in greater 
detail in Chapter VIII. 

To get the ball rolling, we need more universities and indus
tries where conditions are propitious to take the initiative. 
Further, at the federal level, it should be possible for MOSST to cut 
through the red tape of the regulations of the Public Service Com
mission and immediately arrange for a number of departments of the 
federal government to experiment with exchange arrangements with 
mathematics departments. Initially, a variety of approaches should 
be attempted as pilot-projects in order to develop a set of regula
tions which will effectively promote real interaction while satis
fying all necessary factors of public accountability. 

The PhD Crisis 

In 1961, Canadian universities awarded eleven PhD degrees in 
mathematics and in 1973, ninety-four. In 1960/61 the NRC gave 
$87,500 for the support of mathematics research and in 1972/73, 
$2,461,500. These numbers indicate that there was an astonishing 
explosion of graduate study and research in mathematics during those 
years. A considerable portion of the NRC funds were used for partial 
support of graduate students. In 1961, there were about 250 
mathematicians in the universities at the rank of Assistant Professor 
or higher. By 1973, this number had increased to approximately 
1,300. 

From Appendix I, we see that of the 168 Canadian PhD's who 
responded to the Questionnaire, 82 percent are employed at 
universities or colleges. This is consistent with the general 
impression in the mathematics community that the majority of PhD 
candidates in mathematics are hoping to find academic positions. In 
the past, most of them have done so. However, the recent austerity 
in university financing has brought a sudden halt to the expansion of 
mathematics departments. Further, the rapid increase in the size of 
the departments during the 1960's took place mostly at the lower 
ranks and younger ages; so that in the next decade relatively few 
faculty members will be retiring. 
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These factors conspire to create the PhD crlSlS which has shaken 
the academic mathematical community in the past three years. Accord
ing to Appendix III, between 1960 and 1970 the number of Assistant, 
Associate and Full Professors in Departments of the Mathematical 
Sciences increased by over 900. In the same period, Canadian mathe
matics departments produced about 360 PhD's - a deficit of over 500, 
which was partly filled by Canadians who studied at U.S. graduate 
schools. The corresponding figures for the years 1971 to 1973 are as 
follows: 

1971 1972 1973 
Increase in Professors 80 38 27 
Number of Canadian PhD's 86 88 94 

The numbers cited above force one to recognize that the dif
ficulty of lead-time makes the problem of formulating a rational 
viable manpower strategy almost impossible. During the 60's, nation
alists were calling for Canadian self-sufficiency in producing uni
versity faculty. The 1965 Canadian need for mathematical PhD's was 
finally met in 1971, precisely at the moment when it became apparent 
that we would need less than 50 percent of the current production for 
the foreseeable future! An aphorism. of Halcolm :luggeridge about the 
Dean and Chapter of Westminister Abbey can, perhaps not 
inappropriately, be slightly varied to read "Hhat the Provincial 
Governments approve today, history will have abolished yesterday". 

The academic mathematicians are not alone in being caught off
balance by adopting value schemes and developing practices approp
riate to a regime of exponential growth which has suddenly been 
turned off. The fi2ures quoted for 1971, 1972 and 1973 suggest that 
approximately half of the Canadian nmthematical PhD's for those 
years have not found regular academic positions in Canada and they 
have little prospect of doing so. This fact causes them considerable 
psychological suffering since they will not be able to fulfill their 
hopes. It has also sent a shock-wave through the mathematics com
munity forcing us to re-evaluate the PhD process. Such a re-evalua
tion has been long overdue, but mathematicians are only human and it 
seems to be part of human nature to refuse to see the writing-on-the
wall before calamity actually strikes. 

3
The calamity which struck Canadian mathematicians in 1971 or 

1972 arrived in the U.S. a couple of years earlier and hit the North 
American physics community six or seven years ago with the re
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trenchment on NASA projects. At the Annual Meeting of the N~S and of 
the American Mathematical r10nthly there has been much excellent dis~ 

cussion of the proper inferences we should draw from the recent 
course of events. 

The Nature of the PhD 

The nature of the PhD process has varied in detail from country 
to country and from epoch to epoch. There is also a considerable 
difference in what is expected of candidates in different disci
plines. Let us think only of mathematical sciences. 

On the one hand, the PhD degree is supposed to indicate that the 
successful candidate is a creative mathematician who in his thesis 
has made, and in his subsequent activity will be capable of making, 
original contributions to mathematics - a potential Gauss! On the 
other hand, it is the union card for entrance into academia. These 
are the two universal traditional aspects of the PhD. Every 
respectable mathematics department insists that an acceptable thesis 
"must be original and be of such value as to merit publication". 
Every respectable university expects that regular faculty members 
have a doctorate. 

These two absolute conditions are now strongly at odds. Pos
sibly, they were reasonable at Goettingen in the nineteenth century, 
when there was only one professor, Gauss, Riemann, Klein, and 
when only an infinitesimal elite attended university. Perhaps they 
made sense before 1900 when it was still possible for one mind to 
range over the whole of mathematics and encompass most of physics and 
several other subjects. 

However, in the past four decades with the rise of mass educa
tion, concomitant with the fissiparation of mathematics into minute 
sub-areas, the traditional view of the PhD has increasingly revealed 
itself as completely inadequate. The di~tinguished Chicago alge
braist and former Canadian, I.N. Herstein r is only one of many 
mathematicians who have called for a reappraisal of the PhD process. 
The current emploYment crisis points up very vividly one of the most 
blatant evils in our training of PhD's. ~lany of them gain a compe
tence which is so narrow and specialized that they have very little 
flexibility or adaptability. They unconsciously pick up the belief 
that the only worthwhile professional objective is a relentless pur
suit for the remainder of their life of the particular sub-sub-topic 

126 



s
 

"'-------------------------------------------------------

of mathematics with which their thesis dealt. Since the number of 
truly original minds seems to be very small, in order to satisfy the 
absolute desideratum of "originality" the only sure method with an 
"average" PhD candidate is to lead him into some hidden pathway on 
which no one other than his supervisor has ever trodden (or wished to 
tread!). There, almost inevitably or with some assistance by his sup
ervisor, he will stumble on a charming violet which no one else has 
ever noticed. Perhaps the search takes two or three years; years of 
great emotional tension since many students feel the exercise is 
essentially pointless; years which could much more usefully be spent 
in gaining a large view of mathematics and its applications. 

If the new Doctor becomes an Assistant Professor, the Dean de
crees that he will not be promoted unless he publishes and begins to 
teach graduate students. But in what area can he supervise a pros
pective graduate student? Only in his speciality, or an even more 
arcane sub-area of his speciality. 

A study of the class of 1950 mathematical PhD's in North America 
showed that about 30 percent published nothing or at most their 
thesis. At most 20 percent proved to be "creative" mathematicians 
according to any of the normal criteria. This leaves 80% in a de
pressing psychological limbo. It means that the PhD process is dis
astrously inefficient in achieving what mythically has been the uni
versally avowed purpose determining its rituals. This has been pat
ently clear for two or three decades. But we have rushed on like 
lemmings controlled by herd instincts and self-centered satisfact
ions. 

The writing is on the wall perfectly clearly for anyone to read. 
The story is told by the figures quoted at the beginning of this 
chapter. Canada needs at most a very small number of the type of 
mathematical PhD's we have been producing in the past two decades. 

However, we should not conclude that therefore no more mathema
tical PhD's are needed. There is little doubt that we need many more 
than we have been producing - but only if they have different train
ing, and different aspirations. It will require an extraordinary 
effort of reorientation on the part of the mathematical community to 
move out of our traditional procedures and modes of thought. But 
something significant could happen within three to five years and 
within ten years we could change the Canadian graduate schools in 
basic and salutary ways, if there is a will to do so. 
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The history of the modern world for the past two hundred years 
plainly reveals that mathematics has played an increasingly crucial 
role in the development of our technological society, in the 
understanding of the economic forces which control our means of live
lihood, and in analyzing the complex patterns of interrelationships 
between DIan and nature which determine the possibility of survival of 
the human race with satisfaction and decency. The rate at which 
mathematics - of increasing sophistication and abstraction - has been 
spreading into nearly all other intellectual disciplines has been 
most striking. We need not less but many more persons with the high
est possible competence in mathematics who have the capacity to 
create and make meaningful use of mathematical models of the 
physical, social, economic and biomedical experiences of mankind. And 
we need university faculty who can train such persons thoroughly and 
soundly. 

C· and' . . d T'ne Lamontagne ommlttee 5 Dany otner groups aile1 Ind I lVl 
uals in Canada have asserted that in all scientific areas our Rand D 
efforts have put a disproportionate weight on Research and insuffic
ient on Development. The practice of mathematics in North America, 
as exemplified by the American Hathematical Society and by the 
criteria for promotion within the "leading" mathematical departments, 
seems to have placed 99 percent weight on Research and I percent on 
Development. That is, most pure and applied mathematicians have not 
felt it to be their duty to interpret the significance of their new 
results for the benefit of anyone other than their peers. In this 
context, "peers" means a minute invisible college of cognoscenti with 
whom they are in verbal communication. According to a somewhat 
cynical flippancy of a former editor of a reviewing journal, the 
papers which gain them promotion and prestige are seriously read on 
the average by slightly less than one person apart from themselves 
and the referee! It is seldom that a contemporary research 
mathematician tries even to interpret his results to colleagues in a 
different branch of mathematics and certainly not to physicists or 
economists. There are occasional exceptions: Hermann lveyl and John 
von Neumann in the past; llichael Atiyah currently. But these are 
exceptions ~lich prove the rule. 

The French tend to pursue logic to an extreme. So Bourbaki 6 
has provided the purest example of the attitude we are decrying. To 
be fair, Bourbaki has done more than any other group to encourage 
fruitful interrelations among distinct branches of mathematics. But 
in the past they seemed to pride themselves, to exult even, in being 
so single-minded, so devoted to pure mathematical rectitude as to 
disdain any mention of possible applications of mathematics. No 
matter how reasonable a few of the Bourbakists have been in private, 
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al such has been their communal stance. 

he 7 
e-	 Nonet§eless, it is the two Frenchmen, Grothendieck and 

Chevalley who now feel that mathematics is the running-dog of theps 
of military-industrial complex. Possibly in private, their old habits 

and their love of mathematics secretly take over, but not in theirch 
en recent public attitudes. Ten years ago many of us would have named 

en Grothendieck together with Gelfand as one of the two greatest living 
mathematicians. So Grothendieck's about-face has been a shock to theb
mathematical community. How dare we lesser mathematicians avoidto 
facing the question "Is Grothendieck right?"he 

1d 
In fact, his recent attitude is not unreasonable when seen in10 

the context of the myths about graduate study and research which have 
dominated academic mathematicians in recent decades. 

i 
Fortunately, most mathematicians are not as consistently logicalD 

as the French, so that our activities have not been totally dominated 
by the attitudes criticized above. If they had been, the ship of 
mathematics would have sunk thirty years ago. In fact, it has been 
floating along quite well and only now is it listing rather percep
tibly.n
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The PhD Reinterpreted
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If the above argument is essentially correct, then we need to 

1 embark on a reorientation of the PhD process; possibly along the 
following lines. 

1 

3.	 (L) lve should give a broader interpretation of "originality" in 
the thesis. Rather than on insisting on the literal interpretation 
that the thesis must contain "new" mathematical results, we should 
require that it provide clear evidence that the candidate has some 
originality of mind and an imaginative approach to mathematics at a 
profound level. "New" mathematical results could provide such evi
dence but not necessarily. New ideas concerning the use of mathe
matics or about the interrelation of different parts of mathematics 
could equally well provide such evidence. 

(ii) We should recognize that a practitioner in any of the 
mathematical sciences is a "professional" in the large sense and that 
the PhD is a professional qualification. 
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(iii) The PhD process should be reoriented to encourage the 
development of the type of persons of the highest mathematical 
competency \ifhich our society needs. It should be noted that, as is 
apparent from the remarks of the Cuban and Brazilian recorded in 
Chapter III, the needs of different societies vary so that there is 
no universal ideal image for the PhD. 

(iv) The PhD process should include much greater emphasis than 
is currently normal on what we referred to previously as "develop
ment", which involves powers of exposition, communication skills 
and, at least, a modest command of the ideas and terminology of one 
actual or potential area of application of mathematics. 

(v) The successful PhD should have an enlightened understanding 
of the history and social role of mathematics. 

(vi) There should be active encouragement of the production of 
theses supervised by committees representing mathematics and one or 
more additional disciplines. This will help bring into being the new 
type of out-going mathematician we need and will also encourage cur
rent faculty members to understand one another and work together 
across the present disciplinary interfaces. 

The reader will note that our proposals for revamping the PhD 
are very similar to those for improving the program for the honours 
undergraduate program. The chief difference would be to require of 
the PhD a much greater capacity for independence in formulating and 
solving problems and a more highly developed appreciation of the full 
sweep of mathematical thought. He would be an expert in interpreting 
to school children, to teachers, to managers in industry and govern
ment and to scientists in other disciplines what it means to mathe
matize. 

The Haster 

For some years, perhaps even for one or two decades, it might be 
economically and psychologically easier to attain a partial 
accomplishment of the above goals at the Master's rather than the 
Doctoral level. Because of the peculiar aura which surrounds the PhD 
there is a widespread feeling in industry and government that the 
holder of the degree is "overqualified". Whenever a person is 
regarded as overqualified either by himself or by others, there are 
usually great attendant psychological difficulties. 

llli 
J 
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Certainly, there are many situations in teaching, in industry 
and in government where a person with a Master's degree would now be 
appropriate even though twenty years ago the corresponding position 
might have been quite adequately filled by someone with a Bachelor's 
degree. The extra year or two of advanced study allows the student 
to round out a training involving substantial exposure to mathematics 
and one or more subsidiary subjects. Possibly some of the aims 
previously set out for the undergraduate program could be more 
surely attained at the Master's level. 

Doubtless, the period of study for the Master's degree will 
continue to be an opportunity for students and professors to gauge 
whether the candidate should attempt the PhD. However, it can and 
does fill an important role in its own right. The Haster should not 
be regarded as a failed PhD, as sometimes tends to be the case espe
cially in the prestigious U.S. centres of Graduate Study. Depart
ments which offer Master's programs should give careful thought to 
their aim, structure and content. 

It would not be profitable for this Report to attempt to outline 
detailed programs for graduate study. The history of the univer
sity demonstrates that substantial curriculum changes can only be ef
fected slowly. Further, a curriculuQ is worthlesss unless it is un
derstood and approved by the professor responsible for teaching it. 

Currently, it seems to us that many professors are mesmerized 
by a narrow interpretation of the requirement that a PhD thesis 
demonstrate originality and feel incompetent and insecure if faced 
with the task of supervising a thesis on a topic outside the confines 
of their narrow speciality. Yet in wartime, algebra professors 
quickly became experts on exterior ballistics; topologists did 
effective work in Operations Research. Most university mathemati
cians are highly intelligent. They can learn almost anything they 
really wish to learn. To accomplish the transformation of graduate 
study which we are calling for will certainly require readjustment of 
aims and activities on the part of many of us. Being human, we will 
resist, because it is easier and one feels safer to carryon in 
familiar ruts. But in the long run, changes along the general lines 
proposed in this Chapter will be to the great advantage of society 
and to the mathematical community. Helping to produce such changes 
can bring great personal satisfaction to many mathematicians of all 
ages. 
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Hopefully, we mathematicians will quickly grasp this nettle on 
our own initiative. But we may well be encouraged by Ministers of 
Education, by Presidents and Deans of universities and by the 
policies of federal and provincial governments for supporting 
research and graduate studies along the lines suggested here. 

Recommendation 

In order to initiate action by Canadian mathematics departments 
on the issues raised in Chapter VI, the Joint Committee recommends 
that 

-on the initiative of the Canadian ~1athematical Congress, the 
six sponsoring mathematical organizations appoint a task force to 
study the programmes in mathematics offered in Canada to Undergradu
ates, Master's and Doctoral students and to recommend the structure 
and content of such programmes which it deems appropriate in Canada 
at present and for the immediate future. 

Notes - Chapter VI 

1.	 From Chapter VII of The Aims of Education and other Essays, 
Williams and Norgate, London, 1932. Alfred North Hhitehead had 
three careers: at Cambridge, where he taught Bertrand Russell 
and with him wrote the remarkable three-volumes of Principia 
}futhematica on the logical foundations of mathematics; later at 
Imperial College, London, when he developed a physical and 
philosophical theory of relativity alternative to Einstein's; 
and for twenty years after the age of 63, at Harvard where he 
articulated one of the most subtle metaphysical systems of this 
century which found expression in his difficult work Process and 
Reality. In The Aims of Education he inveighs against dead 
knowledge and inert ideas, insisting on the fact that students 
are alive and that the purpose of education is to stimulate and 
to guide their self- development. The book is largely a 
collection of lectures given over the period 1912 to 1928. It is 
still the most profound and stimulating discussion of mathematics 
education available to us. 
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2.	 Appendix =~ contains more detail about the Canadian PhD's of the 
class of 1973 and also the structure of the mathematics faculty. 
The total number reported for t~e faculty is almost certainly too 
low. (cf. Appendix III), however the information which it pro
vides about the flow of persons in the Departments which replied 
to the Waterloo Questionnaire is quite interesting. Indeed, it 
would be worthwhile to obtain such information on a regular basis 
since the changes reported in the flow diagram are perhaps more 
important for Manpower policies than absolute numbers in each of 
the basic categories. 

3.	 The surplus of PhD's has not been uniformly critical in all 
branches of the mathematical sciences. There still seems to be a 
dearth of Canadian PhD's in Computing Science and in Applied 
Statistics. It is of course important not to panic. We have 
just passed through a phase when many people thought that Canada 
was producing too many engineers but now there are informed 
voices predicting a crippling scarcity of some types of 
engineers. 

4.	 I.N. Herstein, "On the Ph.D. In Hathema t i.cs " , American rlathemat
ics Monthly, ~' 1969, pp. 318-824. 

5.	 The Honourable Maurice Lamontagne was Chairman of a Committee of 
the Senate of Canada which produced a three volume report on A 
Science Policy for Canada - available from Information Canada. 

6.	 See the section on the Mathematical Sciences in Chapter II. 

7.	 Alexander Grothendieck won the field's Medal in 1966 for his pro
found contributions to algebraic geometry. A few years ago he 
founded a society called Survival concerned with the large pro
blems, such as population, pollution and peace, which mankind 
faces. Then he decided that mathematics is chiefly a tool in the 
service of the power-elite and in the past three years has even 
attempted to dissuade young people from studying mathematics 
because of the "immoral" way in which their knowledge would 
inevitably be exploited. 

8.	 Claude Chevalley is a distinguished algebraist and is especially 
noted for his three volumes on Lie groups and Lie algebras. He 
was one of the original members of Bourbaki. 
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Chapter VII 

Research 

"I am part of all that I have met;
 
Yet all experience is an arch wherethrough
 
Gleams that untravelled world~ whose margin fades
 
For eVer and for ever when I mOVe. Ff
 

1 
- Tennyson 

In the two preceding chapters there have been occasional nega
tive remarks about certain attitudes towards mathematical research. 
But, let there be no doubt, research is the life-blood of the mathe
matical enterprise. A mathematics department which is not committed 
to active research on core mathematics cannot remain alive very long. 
The same insatiable craving which drove Ulysses beyond his knOWQ 

world has forced mathematicians to create the architectonic structure 
which is ours in the mathematical sciences to-day. Whitehead argues 
(in the locus cited in Note 3, Chapter II) that modern mathematics 
surpasses all the higher achievements of the human spirit, with the 
possible exception of music. Whitehead - the mathematician - may be 
biased, but all will agree that in mathematics we have a marvellous 
cultural treasure. 

However, it also provides practical intellectual tools. For the 
paradox is well established that, by pursuing the utmost abstractions 
of mathematics, we have gained understanding and control of concrete 
fact. Mathematical research was the root source of many important 
other developments: 

-radio, television, the astonishing views we have recently 
obtained of the surface of the moon and of Mars were possible only 
because of the mathematical theory of electricity and magnetism due 
to Laplace, Kelvin and Maxwell. 

-the design of telephone exchanges and of computers employs 
algebraic ideas involving complicated and detailed extensions of the 
logical and set-theoretical work of George Boole. 

-space-ships have been guided with fantastic accuracy to land
ing-sites on the moon with the aid of precise solutions of the dif
ferential equations which express Newton's mathematical model of the 
solar system. 
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-modern metQods of detecting brain-tumours or he~rt dise~se 

depend on the analysis of wave-forms by methods originated by Fourier 
for the study of periodic functions. 

Most Canadians have, at best, only the vaguest notion of the 
subtle but often crucial manner in which advanced mathematics under
girds their lives; and the amount and variety of such mathematics 
has been growing exponentially for the past hundred years. There is 
no sign of abatement. 11athematics steadily makes inroads into more 
and more areas of our life. 

The primordial source of all this is research carried on by 
mathematicians in the past and present. Their mathematical theories 
gave physicists, chemists, engineers, biologists, economists, etc. 
intellectual tools without which they could not understand or control 
our environment. 

What Motivates a Research Mathematician? 

This question has already been touched on in Chapter II. It is 
not easy to answer it with absolute assurance. For one thing, mo
tives vary markedly from one person to another. One of the best 
sources to help the layman understand how a mathematicia~ works and 
thinks is to be found in a recent biography of Hilbert . Hilbert's 
achievements in the period 1890 to 1920 place him among the greatest 
of all mathematicians, possibly second only to Gauss and certainly on 
a par with Weierstrass and Poincare. 

From the accounts of the life and work of such men and women, 
one quickly learns that mathematics can be intensely beautiful; 
mathematics can fascinate you just as a puzzle can absorb your at
tention so intensely that nothing else diverts you; mathematical 
problems can challenge you with a force as great as that which impels 
the mountaineer to attempt the ascent of Hount Everest; and mathe
matics can be useful in answering questions thrown up by nature or 
society and which pique your curiosity or demand decision in order to 
fulfil some social good. 

From school, most people gain the impression that mathematics is 
a cold, unemotional, cut-and-dried subject in which geometrical the
orems are proved by rote methods or algebraic formulae are committed 
to memory for regurgitation. Only occasionally in school mathemat
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ics, as taught traditionally, did the pupil feel even a faint twinge 
of the excitement, agony and intense emotion which commonly accompany 
the activities of a creative mathematician - ecstasy when he finally 
proves his conjectured theorem, despair when he shows it is false. 
The search for an answer can go o~ for years. In the case of the 
so-called Last Theorem of Fermat for more than three centuries 
mathematicians have been unable to decide whether it is true or 
false. 

A foretaste of this delight and excitement is sometimes experi
enced in solving mathematics problems in high school. Perhaps it is 
this which first catches the interest of students. There is satis
faction in obtaining a solution, especially if initially the problem 
seemed difficult, and joy in producing an "elegant" solution one 
which brings all the essential elements vividly before the mind. 

Then felt I, like some watcher of the skies, 
When a new planet swims into his ken 
Or like stout Cortez when with eagle eyes 
He star'd at the Pacific - and all his men 
Look'd at each other with a wil~ surmise 
Silent, upon a peak in Darien." Lf 

This is the feeling. Evidently many students have a slight ex
perience of it, since in polls among Ontario high school students, 
mathematics has been declared to be the most popular subject. 

However, to keep the research mathematician at work over many 
years, an additional factor is generally needed. As in most other 
areas of human endeavour, "Fame is the spur." Though to many people, 
mathematicians seem to be a strange and alien race, they are in fact 
human ... at least most of us are, so we like recognition. This can 
come in two ways: (i) concretely as promotion, increased salary and 
generous NRC Research Awards, and (ii) in the admiration of our peers 
concerning our mathematical papers and books. 

There is a widespread opinion that mathematics is a young per
sons discipline - if you have not made your mark by thirty, you never 
will. The evidence for this is mixed. Certainly, there have been 
some great mathematicians who have made their most important discov
eries in their early twenties and became full professors at twents
five. However, there have been notable exceptions. ~veierstrass' 

most impgrtant work was accomplished after he was forty. R.L. 
Jeffery was a fisherman till he was twenty-seven, obtained his PhD 
only at thirty-five and became one of the most distinguished 
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native-born Canadian mathematicians. However, it seems true that if 
a mathematician has not attained a good reputation among the people 
in his own field by thirty-five, there is a high probability that he 
never will. If his work is such as to interest a wider group of 
Inathematicians in other parts of mathematics, he is well on the way 
to becoming famous; if he is invited to give a one-hour talk at a 
national or international mathematical conference, he has almost 
achieved the ~ltimate. The only higher accolade would be winning the 
Fields Hedal . 

According to the level of recognition by his peers which he 
achieves in the ascending scale just described, the mathematician 
will expect corresponding recognition by his university in increased 
salary and promotion. At least such has been the situation in North 
America in the last few decades when the universities have been ex
panding rapidly. This expansion has accompanied the rapid expansion 
of population in the ~vest since 1900. Prior to that date, university 
population was relatively stable, salaries were fixed and promotion 
occurred generally when the one and only professor died or retired. 
Since pensions were not common, few retired before death. Then 
everyone might move up one rung. Such were the conditions in the 
steady-state which, apparently Canadian universities will approximate 
for the next few years. The conflict between the psychological 
expectations to which faculty members have been conditioned during 
the recent phase of expansion and the probably stringent economic 
conditions of the Canadian universities will certainly give rise to 
considerable stress within the system, even if it does not revert to 
the rigidities of the ninetheenth century. 

One of the most obvious signs of prestige in the scientific com
munity is the size of one's NRC grant. The description in C.P. 
Snow's The Masters of the anticipation before and the depression 
after the annual announcement of the results of election to the Royal 
Society conveys in a heightened and exaggerated form, the feelings of 
research scientists in Canada around }~rch 30 each year when the NRC 
Operating Grants are announced. Those who are given the highest 
grants are delighted and are the object of the admiration or envy of 
their fellow scientists. Few, if any, will admit to others and least 
of all to themselves that their grant was as larged as they "des
erved". After the whole list has been published, it is examined 
carefully to determine where one's acquaintances and oneself place in 
this important annual pecking order. In a muted way, the NRC Awards 
playa role in the scientific co~~unity somewhat analogous to the 
federal government's New Year's Honours List in the community at 
large. 
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Undoubtedly, however, the main factor which keeps a mathematician 
hard at work - not infrequently for fifty or sixty hours a week 
attempting to roll back the frontier of mathematical knowledge, is 
immediate delight and enjoyment in a fascinating activity. Many 
mathematicians distress their spouses by becoming so engrossed in 
research that they can find no time for love-making, eating or 
playing with the children. r1athematical creation is an intense, 
demanding and ultimately solitary activity. It produces habits and 
attitudes which deviate markedly from the normal adjusted well-bal
anced bourgeois mean of Canadian society. As such, it should be 
neither praised or deprecated. It is what is necessary for the 
creation of deep and meaningful mathematics. 

The Encouragement of Research 

l1athematical research should be consciously encouraged and 
fostered by Canada and we should undertake more explicit efforts to 
put the product of such research at the disposal of those who can use 
it for some worthwhile purpose. 

Apart from projects involving considerable computer time, 
research in the mathematical sciences is comparatively inexpensive. 
One of the briefs submitted to the Study argues "Pure research in 
mathematics is relatively cheap (only salary of the researcher - no 
equipment) and represents good value for money spent - it would be 
false economy to cut back on pure research". That mathematics is 
cheap is a view which seems to be shared by the NRC since, as can be 
inferred from Appendix V, the average Operating Grant to mathemati
cians in the period 1970-1974 was about 45 percent of the average for 
all sciences and about 33 percent of the grants to chemists! 

What does the research mathematician need in order to work well? 

(a) Pen and paper; 

(b) A library which can be accessed immediately ~hen an idea 
strikes him and needs to be checked; 

(c) A chalk-board in a small congenial room suitable for ex
cited discussion, with a limitless supply of coffee close at hand. 
(In 1390, J.J. Sylvester felt "a decanter of ripe port at one's 
elbow" was the ideal catalyst! Coffee is now generally preferred.); 
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(d) One or more (three to five is optimal, perhaps) fellow 
mathematicians to talk to, who will be sufficiently interested to 
criticize half-baked ideas or suggest their own wild ideas of pos
sible alternative routes to the summit. 

Currently, only (a) is conveniently and universally available to 
Canadian mathematicians. 

As for (b), there are in Canada ten or twelve mathematical 
libraries which could be described as Good to Very Good, and none 
Great to Very Great (to use the scale for rating Burgundy!). Not 
unnaturally the good ones are on the larger campuses where in toto 
perhaps 75 to 30 percent of academic mathematicians work. Too fre
quently, however, the omniphagic centralizing syndrome which seems to 
dominate most Chief Librarians, means that when he needs to verify 
his idea or formula in a book immediately at hand, the mathematician 
realizes that it is over in the Central Library guarded by the latest 
electronic portcullis. 

What test tubes, reagents and spectrometers are to chemists, 
what lasers and radio telescopes are to physicists books and 
journals are to mathematicians. The spectrometers are in the 
chemist's laboratory. The physicists lives, eats and sleeps near 
his laser or telescope. The books which the mathematician needs 
should be immediately at hand. This necessitates a mathematics (or 
mathematics and science) library with an architectural solution which 
puts the offices of research mathematicians immediately next to the 
library. And, of course, as in Princeton's Fine Hall there need to 
be a couple of soundproofed blackboarded rooms in the library for 
discussing questionable points with an array of journals and books 
spread out on a table for immediate consultation, (since often it 
wi l L be two or more mathematicians who rush to the library to prove 
they are each right). 

It can be argued that books which are con~only consulted by pro
fessors of several departments should be housed centrally. This is a 
valid argument, but it is not applicable to 98 percent of the books 
which a mathematician needs readily at hand. ~Jho but a mathematician 
will consult Gaston Darboux's great Traite des Surfaces or Hilton and 
Hylie's Homology Theory? 

As for (c) those of us who experienced the mathematical life of 
Princeton in its hey-day know what an important role was played by 
the gracious common-room at all hours of the day, and by the ritual 
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·of afternoon tea and biscuits which drew graduate students and staff 
together for excited discussion. Too often, architects and those who 
decide the budget restrictions for buildings think of research scien
tists as monks who have eschewed all carnal pleasures (such as cof
fee) and who should be isolated in small cells on long corridors des
igned to make communication as difficult as possible. In fact, the 
intense ultimate solitariness of the research mathematician can only 
be sustained by the support manifested through the interest and 
criticism of his fellows. 

The effective realization of desiderata (b) and (c) should be 
the highest priority of all architects and administrators responsible 
for creating the physical conditions in which the mathematician 
wor ks . 

The above three points deal with physical, external circum
stances and therefore in the final analysis are not absolutely essen
tial for a truly dedicated person. The human spirit can triumph over 
appalling physical handicaps. However, (d) is essential and it is 
the hardest condition to achieve effectively in Canada. Nothing 
worthwhile can happen unless there is at least one really first-rate 
mathematician. The great giants of the past, Newton, Euler, Gauss 
and Cauchy, provided the main impulse which initiated the extraordin
ary upward sweep of mathematics and its applications which we have 
witnessed in the past two hundred years. They were mostly solitary. 
Even so, they wanted and needed the stimulus of correspondence with 
other mathematicians, but better would have been someone to talk to. 
Gauss wrote wistfully to a mathematical friend "It is a great 
stimulus to have students with whom to discuss mathematics. Cur
rently, I have three. One is intelligent, but lacks preparation. 
Another is well-prepared but not very intelligent. The third lacks 
preparation and intelligence." If such giants needed personal 
stimulus then it is even more important to lesser scientists. Even 
Hilbert was very dependent on interaction with Minkowski and others. 

Interaction can be (i) in written form, (ii) by telephone or 
(iii) by face-to-face encounter. Given the hectic pace of modern 
life (i) seems too slow and now plays a relatively unimportant role 
apart from the extensive use of journals in the library. Possibly 
(ii) is of increasing importance though it is difficut to gbtain hard 
data about its significance. T~~ dijcove3y by Rudvalis of the 
simple finite group of order 2 .3 .5 .7.13.29 carne almost by 
chance as a result of a telephone call. 
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Of course, direct encounter is most effective. This can be pro
vided partially by brief visits, by meeting at large conferences, by 
intense topical seminars or institutes for one or several days. All 
of these methods should be enthusiastically recognized and supported 
financially by universities, provincial governments, the NRC and 
other federal agencies. However, by far the most effective stimulus 
to worthwhile sustained research is the existence of a group of 
excellent mathematicians in a physical set-up which encourages lively 
daily interaction. The group might consist of one outstanding senior 
mathematician with several younger colleagues, postdoctoral fellows 
and graduate students. The m.Ln LmaL critical "mass" is 2 or 3, but 
there is also a maximal critical mass, perhaps 10, beyond which ad
ministrative, financial and personal problems begin to dominate and 
quality and even quantity frequently decreases. There are a few such 
groups in Canada but hardly any Great and none Very Great. Even 
though Canadian universities spend more money than all the rest of 
the universities of the Commonwealth, mathematically we are still 
very much underdeveloped. Further, few of such groups as do exist 
manifest any sense of responsibility to communicate with mathemati
cians or users of mathematics beyond their own esoteric field. ~ve 

have still a very long way to go. 

Every Hathematician a Researcher? 

The main criteria used by the Awards Committee of the NRC is the 
number and quality of substantial papers published in refereed jour
nals. Since our society is based on the premise that "money talks", 
a large NRC Operating Grant to a particular staff member enhances his 
Gvm reputation and that of his department and university. It improves 
his chances of rapid promotion and increased salary. Certainly the 
slogan, "Publish or perish" goes too far to portray the actual 
practice in the average Canadian university. Perhaps "Publish 
to rise rapidly" more aptly suggests the Canadian atmosphere. 

Of course, the only sound motive for publishing is that one has 
discovered an important or worthwhile new result or new enlightening 
approach to one or more known results deemed to be of interest to a 
wider audience than one's students and colleagues. It is a duty to 
expound such material as lucidly as possible and attempt to have it 
published and so contribute to the total body of public knowledge. 
The "dog-in-the-manger" spirit dies hard of course, so often general 
publication of a result will be delayed in order that its discoverer 
or his or her co-workers or students can have significant lead-time 
over groups elsewhere in exploiting the idea. This practice was 
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'common enough in the 17th and 18th centuries, It still occurs in 
highly "competitive" areas of science. However, most scientists view 
such action as immoral, as a betrayal of the basic commitment of the 
community of science to discover and disseminate truth. 

~'Jhat of those of us who have no ambition to "rise" rapidly? 
Need we publish or do research? In order to retain our own respect, 
the respect of our colleagues and the respect of our students, we 
must work constantly to keep abreast of what is going on in mathe
matics. This is more than a full-time occupation. For most of us, 
the only sure way of keeping mathematically alert is to organize our 
reading and study with a view towards publishing new mathematical 
results, an exposition of some broad area of mathematics or a discus
sion of a significant application of mathematics. Indeed, the mathe
matics community must find ways to encourage the publishing of 
studies of the interrelation amongst different parts of mathematics 
and of new ap~lications of mathematics to other disciplines. There 
is no simple formula of how this can be done and at the same time 
decide upon and maintain reasonable standards. 

It would appear that the mathematicians of the 0SSR have been 
much more successful in these matters than we in ~~orth America. 
Kolmogorov is active in the reform of curriculum for high schools. 
I.I1. Gelfand, whom many would regard as the greatest living pure 
mathematician for his work in group theory and generalized functions, 
has a seminar on biomathematics. For many years, Pontrjagin has con
ducted a seminar in Control Theory. It is almost inconceivable that 
any of the leading mathematicians of North fu~erica would condescend 
to write school textbooks. Gelfand is editor of a Library of High 
School Mathematics and has co-authored a charming little book on 
Functions and Graphs for Grade Nine. 

To summarize our main convictions: every academic mathematician 
should actively attempt to keep abreast of his own field, he should 
explore its ramifications into other branches of mathematics and 
other sciences and he should keep before himself the aim of pub
lishing at least some of the results of his study in order to disci
pline and focus his own efforts and in order to subject his ideas to 
the appraisal of his informed colleagues. He must do all this to 
keep academically alive and in order to help the mathematics communi
ty fulfill its role in the university and in the wider community. 
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~ranting Policies 

f .. 1 Cd' G 10 .. hAt the moment 0 wrltlng, tne ana lan overnment 16 10 t e 
process of reorganizing the structure of the bodies principally res
ponsible for awarding grants for university research. ~fuen we refer
red to the NRC in the past we meant the National Research Council 
but, in the future, the Granting Council for Natural Sciences and 
Engineering. 

He have already alluded to the key role which the l.JRC Operating 
Grants play in establishing prestige among Canadian scientists. In
deed, so much so that a committee, which had been asked to assess the 
state of chemistry in Ontario, simply calculated the total NRC grants 
to the various Ontario chemistry departments and rated them in direct 
proportion to these totals. Many informed observers of chemistry in 
Ontario felt that several of the conclusions reached by the committee 
on this basis were quite fatuous. 

Nonetheless, there is much evidence that the procedures used by 
the NRC for supporting research have been at least as satisfactory 
and fair as those in most western countries. Each year, the federal 
government determines the total funds available for the support of 
in-house research in the NRC Laboratories and also the funds avail
able for research in the universities. A committee of thei~RC, on the 
advice of the Officers, allocates this total among its 16 discipline 
Grants Selection Committees. (See Appendix V.) The Cowmittees 
whose members serve without pay study the applications, decide 
which are most worthy of support and allocate the funds at 
their disposal. Thus, the precise amount of an Operating Grant is 
decided by a committee of academics in one's own field. Hence the 
procedure is frequently referred to as the "peer group" method. 
Clearly, it is much better that these decisions be made by persons 
acquainted with the subject-matter of the proposed research than by a 
general-purpose bureaucrat who would be completely at sea in evalu
ating the application. 

However, there are two constraints on the present system which 
may make it less than optimal: 

(1) In order to be fair to all sciences, the ilRC has a set of 
rules which ostensibly applies uniformly to all disciplines. Since 
the NRC has always been dominated by the experimental sciences, these 
rules are not necessarily the best possible for encouraging the 
mathematical sciences or such subjects as theoretical physics and 
theoretical chemistry. Symptomatic of this perhaps was that in 
1958/9 only $50,000 was given to support mathematics. Even though 
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the HRC officials have been flexible and very sensible in 
interpreting their rules, the printed regulations create a mind-set 
in the committees and in the attitudes of researchers which is not 
always the most creative. 

(2) More important is the value-scheme which permeates a dis
cipline and is the chief factor in determining the decision of the 
individual Grants Selection Committees. In order to justify their 
decisions to the scientific community and to themselves, the members 
seek "objective" criteria. The easiest to define and employ is the 
quantity of papers published by applicants in refereed journals. 
Though individual members of the NRC Hathematics COr:LTTIittee stoutly 
maintain that this is not the only criterion which they employ, 
seldom have they been able to explicate any others which they use or 
which are in any way as significant as this particular factor. 

The possible and actual evils of this process are patent. Since 
"money speaks", researchers are delighted when they are awarded large 
grants. Deans and Presidents view them with enhanced approval. In 
many Canadian universities, the income from NRC Operating Grants is a 
predominant factor in financing Schools of Graduate Studies and 
Research and so maintaining the quality and reputation of the 
university. Perhaps the clearest sign of fame for a Canadian 
scientist is the size of his NRC Operating Grant. The larger his 
grant, the more graduate students, postdoctoral fellows and research 
associates with whom he can surround himself in order to gather as 
many rosebuds as possible from the particular garden he is cultiva
ting. The system involves positive feedback. The larger the grant, 
the more worke r s , the greater the prestige, the more papers and the 
larger the next grant. 

This process is called "supporting excellence". It is justified 
by the argument that most funds should be given to the ablest (more 
productive!) scholars who should then be given a free hand an~l not 
inhibited by annoying and pointless red tape. Gerhard Herzberg is 
certainly one of the foremost and one of the most convincing expon
ents of this argument. The argument woul d be unassailable if there 
were any method - even Qoderately good, not necessarily infallible 
to recognize a Nobel laureate twenty or thirty years before he wins 
the Nobel prize! Unhappily, there is not. Many of the positive 
feedback research loops just described end up in a cul-de-sac. A 
large number of able postdoctoral fellows and postgraduate students 
become trapped in an essentially unproductive and frustrated pattern 
of research for many years. Currently, a striking result of the 
process we are describing has been what most Chairmen of 11athematics 
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Departments regard as the excessive overproduction of PhDs in 
algebra in Canada and ~orth America generally. Between October 1 and 
December 31, 1974, one Canadian mathematics department which will 
have no opening on its staff in 1975/6 received 71 unsolicited 
applications from PhDs (15 Canadians, 56 Norr-Canad Lans ) of whom 30 
were algebraists (6 Canadians, 24 Non-Canadians). Only 9 were in 
statistics or applied mathematics. 

Certainly, the current "PhD crisis" has not been caused solely 
by the peer judgement system as operated by the ~RC. There are many 
other factors - but this is an obvious one and it may well be the 
only important factor which is susceptible to control. A common de
fence of the present ~'lRC system is that the only "conceivable" 
alternative - rigid bureaucratic controls - would be much Thiswol2e.
is agreed. Indeed the views of the Lamontagne Committee seem 
quite uninformed at precisely this point. 

(i) The Committee seemed unaware of the existence and basic 
role of mathematics in our society since its Report makes no signifi
cant reference to mathematics; 

(ii) It displayed little understanding of the delicate and 
subtle intermeshing of a wide variety of factors which are necessary 
to encourage lively and significant research. The Committee 
ingenuously assumes that real progress can be made in research and 
development by administrative fiat and organizational reform. This 
is most unlikely. 

By far the most important step which can be taken is the trans
formation of attitudes and expectations of Canadian research workers. 
To put it succinctly and therefore to over-simplify, the academic 
community must accept responsibility not merely for "research" but 
also for "development". Further, the granting policies of the NRC 
should be designed to encourage such a change of attitude. 

In Chapter IV we warned against entertaining the expectation 
that the fundamental changes which are needed in the attitudes of 
school teachers towards mathematics could be effected overnight. Here 
again a similar warning is appropriate. The major reorientation of 
the dominant spirit of the mathematical community which we propose 
can only result through a gradual process of education and discussion 
among the creators, teachers and users of mathematics. Such a 
discussion took place already in connection with the preparation of 
the many briefs submitted to the Study and was particularly pointed 
out in the eight Seminars and during the meetings of the Joint 
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Committee. Indeed, it began in earnest three or four years ago in the 
Notices of the American Hathematical Society and the American 
I1athematical Uonthly. 

The decisive role which research grants to universities from 
external bodies can play in deforming the character of the academic 
community, has been described i~3frightening and convincing detail by 
R. Nisbet. His important work analyzes the history of the uni
versity in the U.S.A., showing that the increasing prestige of 
masters of grantsmanship, and the rise of research centres, within 
but not responsible to the university (because their finances derived 
from external grants) has caused a tragic distortion of the value
scheme within the u.S. academic community and effectively destroyed 
public trust in university professors. Happily, the process of deg
redation which ~isbet describes is only at an incipient stage in 
Canada. But it is surely not necessary for Canadians to commit all 
the errors of our colleagues in the U.S.A. 

Specific Suggestions 

I~put to the Study was weaker on questions related to research 
policy than on almost any other topic. In particular, there were 
only a few vague responses to our question as to the reasonableness 
of the distribution of JRC awards in the year 1973/4 among the vari
ous sub-disciplines of the 11athematical Sciences as set forth in Ap
pendix VIII. To have a neat bureaucratic solution to the problem of 
distributing funds in a manner which would be in the best national 
interest, one would need to be able to decide whether differential 
equations, multivariate statistical analysis or artificial intel
ligence, for example, ~eeded strengthening or were already over
developed. Since only five persons ventured even a vague comment 
along these lines, it would seem that the "best national interest" is 
an undecidable question when it is brought down to this detailed 
realistic level. There is no neat system by which some bureaucrats 
sitting in Ottawa can meaningfully divide the research pie. Possibly 
the system as it has evolved in t~~ NRC is the best possible, or at 
least a reasonable approximation to the optimal solution. Per
haps the scope of the fields covered by Code iIumb e re 0001 to 0069 of 
Appe~dix VIII is too broad to be encompassed @eaningfully by a single 
committee. It has been suggested, for example, that a separate 
committee for Probability and Statistics is needed for fields 0040 
through 0056 to ensure that statistics particularly applied 
statistics - is supported adequately. However this proposal was 
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cQuntered by the argument that we should resist the institution
alizing of ill-defined divisions between the mathematical sciences. 

Since in the course of the Mathematics Study we fell far short 
of being convinced that we had input from a representative sample of 
those most active in research in the l~thematical Sciences, the sug
gestions which follow need widespread informed critical discussion 
before they are implemented. Some of the suggestions could be 
implemented by the ~'JRC, some by the mathematical societies 
particularly the CMC - and some will require cooperation of industry 
and various branches of zovernment. They should be considered in the 
light of the previous remarks about the conditions necessary to 
encourage research in mathematics. 

(1) Emphasize Heetings and Communication 

Particular mathematics departments, or groups of departments, or 
the mathematical societies could take more initiative than they have 
in the past to organize short topical research seminars or conferen
ces. There are several possible models: meetings of the Institute 
for Hathematics and its Applications in the U.K.; seminars financed 
by the Na t LonaL Science Foundation in the U. S .A. ; the study weeks at 
Oberwohlfach in West Gennany. A three-year rolling plan of topics 
which should be encouraged for one reason or another in Canada could 
be prepared by the Canadian ifuthematical Congress or the Council for 
Mathematical Sciences (if that body comes into being). 

(2) Change Emphasis From Individual Grants to Block Grants 

rhis suggestion runs counter to a basic tenet of recent ~mc 

policy. That policy may be particularly appropriate in an experi
Dental science in which a major physical installation has to be 
created and nmintained over several years before significant results 
can be achieved by one individual supported by a variety of assist
ants. However, this consideration is not appropriate to mathematics. 
A block grant might be awarded to a consortium in one of more univer
sities which puts forward a considered proposal aimed at excellence 
(i) in a particular discipline or (ii) in an interdisciplinary area 
(either between sub-disciplines of mathematics or between a mathemat
ical and another science). Type (ii) should be given preference. 
The program of ~egotiated Development Grants undertaken by the NRC a 
few years ago contained this idea in embryo. However, the original 
"pump-priming" conception of the NDG's proved unrealistic. The hope 
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that a university could move some area of research to a significantly 
higher level within three years and then find that it had become 
financially self-sufficient, was actually realized i~ only a few 
instances. Perhaps if the universities had continued in the expansion 
phase of the late 60's, the nDG's might have been more successful. A 
key problem is that of lead-time. To develop a centre of excellence 
in almost any of the hard sciences requires a minimum of ten years 
with a solid commitment of adequate continuing financial support. In 
this context, we remark that the current system of three-year 
Operating Grants is an improvement over the previous system in 
allowing research to be planned more rationally. 

(3) The "Development" Aspect of the Mathematics Rand D Effort 
Should be Encouraged. 

Recall that we are using "development" in the context of mathe
matics in a somewhat unusual sense. By it, we mean almost any effort 
to get the academic mathematicians out of their isolation. For ex
ample, in the writing of papers dealing with new results in some nar
row part of mathematics, an effort should be undertaken to expound 
its relation to other parts of mathematics. (If it has no relation to 
anything else, it is almost certainly of little interest and the 
wisdom of publishing it would be very doubtful), surveys of substan
tial areas of research in a form which makes the results accessible 
to others; attempts to apply known mathematical theorems or methods 
to other sciences and engineering; the organization of problem
solving Seminars such as those held at the Mathematics Institute in 
Oxford between mathematiI~ans and individuals in business, industry 
or government. The NRC could call for proposals along such lines 
and announce the intention that within some fixed time, say five to 
seven years, a certain proportion, say 50 percent, of NRC grants in 
the Nathematical Sciences would be allocated to "development". The 
application forms for NRC grants should be revised to require 
researchers to describe their efforts in "development". This is of 
course a region into which we would have to proceed gradually, 
feeling our way very carefully since we would be on quite new ground 
aad the possibilities of charlatanism and grantsmanship par excel
lence would certainly abound in such terrain. However, by moving 
with due speed,it should be possible within three to five years to 
evolve a set of working rules which would obviate gross abuses and 
prevent too much nonsense. 
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(4) Decouple Graduate Support from Research Grants 

A graduate student who is paid from an NRC Operating Grant is 
supposed to be helping the principal investigator on his research. 
This principle is probably honoured more frequently in the breach 
than in the observance. Certainly, among mathematicians! However, 
even if a graduate student does not work directly on a Lopic of one's 
research interest, the presence of graduate students in the depart
ment usually heightens the level of mathematical activity and 
encourages research. Further, the total research enterprise can be 
maintained only if able new researchers are trained. So the 
financial support of graduate students by the use of NRC funds is 
clearly justifiable. 

Perhaps the nost effective support of graduate students would 
result from a system by which a block grant were given to the 
Department, or to all the recipients of Operating Grants to be 
administered by them jointly. The possible effects of any such 
change should be considered very carefully before it is instituted, 
and its introduction should not be effected abruptly but rather with 
due warning and over a period of two or three years, taking into 
consideration prior moral commitments to individual students. In the 
experimental sciences, the coupling of graduate student support and 
Operating Grants may be fully justified, since often the 
graduate students provide cheap labour for the holder of the Grant, 
learn the research techniques in the process, and are ultimately 
rewarded for their efforts with a PhD. It is a valid form of 
apprenticeship. 

(5) Special Treatment for Mathematicians in Isolated Centres 

Thought should be given to making the NRC rules more flexible in 
ways which would benefit mathematicians in small or isolated centres. 
It would be a bit dicey defining "small" and "isolated" in this con
text but satisfactory though arbitrary rules could probably be agreed 
upon. For example, a "small" department might be one in which 5 or 
less members are awarded ~~RC Grants; "isolated" might be a univer
sity such that within a radius of 200 miles there are at most 10 
mathematicians who hold NRC Grants. Mathematicians in such centres 
could be given grants for travel, long-distance telephone calls and 
photocopying which are twice the average of such grants to other 
mathematicians. 
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(6) Basic Grants to Many Mathematicians 

Research mathematicians need funds - (i) to visit other mathe
maticians, (ii) to bring other mathematicians to their campus to 
share ideas, (iii) for long-distance telephone calls to check a 
doubtful point, and (iv) to cover page-charges for their published 
papers. Possibly a standard grant could be decided upon to cover 
these basic needs. To obviate NRC paperwork, it Iguld be given as a 
block grant to be administered by the Department or jointly by 
the recipients. 

(7) The Role of Postdoctoral Fellows (PDF) 

The following figures seem so strange as to be incredible. They 
purport to give the total number of postdoctoral fellows in the 
mathematical sciences in Canada and the U.S.A. in the Fall of 1971 
and 1972. 

1971 1972 
U.S.A. 261 228 
Canada 115 153 

The figures for Canada were reported to the Study directly by 
mathematics departments and should be quite accurate. The figures 
for the U.S.A. are from the report on Graduate Science Education, 
Fall 1972. (National Science Foundation 73-315) and should also be 
correct. If so, they disprove a widely held opinion that everything 
in Canada is one-tenth of the same thing in the U.S.A. Also, while 
the number of PDF's in the U.S.A. decreased from 1971 to 1972, there 
was a marked increase in Canada. 

We do not know what proportion of the PDF's in Canada were grad
uates of Canadian universities. But recalling that in 1972 there 
were only 38 new positions in mathematics in the universities and 
there were 88 new PhD's, it is not unreasonable to guess that the 
difference (153-115 ~38) includes a fair number of the 88-38 =50. 
If so, then given the pattern of graduate study which was discussed 
in Chapter VI, it is probable that they spent the PDF year examining 
in greater depth the topic of their PhD thesis in the hope of 
publishing and gaining an academic position. Since it seems probable 
that there will be very few new university positions in the next five 
to ten years, such hopes would almost certainly prove illusory. 
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However, we have emphasized repeatedly in this report that there 
is a pressing need for mathematicians to interact with scientists in 
other fields. So the idea has been proposed that mathematical PhDs 
who do not find other suitable employment and apply for a PDF should 
be granted a fellowship for two years only in order to gain a working 
knowledge of a subject other than mathematics in which relatively 
sophisticated mathematics can be applied. To implement this idea 
will necessitate a basic change in the working-rules of the National 
Research Council and the Hedical Research Council. 

:1 An activity which PhD's in North Amer Lca seldom take up is 
teaching in high school and community colleges. We have already 
noted that Alexander Wittenberg remarked that he taught for ten years 
in an ordinary SvJiss high school in which one mathema§ics teacher had 
a Master's degree and all others a PhD. Weierstrass taught high 
school. 

(8) Exchange Between Universities, Industry and Government 

This idea has already been mentioned in Chapter III but should 
be recalled at this juncture as providing a source for important and 
challenging research problems and opportunities for outreach by 
mathematicians. 

(9)	 Representation of Mathematicians on the NRC 

17The distinguished Canadian mathematician, Max Wyman was a 
member of the Council of the :JRC. As far as we can determine, he was 
the only mathematician who has played a significant role in governing 
circles of the NRC or the Canada Council (which also awards grants to 
mathematicians). This record is appalling in view of the fundamental 
role of mathematics in undergirding the other sciences and of the 
very special character of the problem of encouraging mathematics re
search. The Deputy-Minister of the fIinistry of State for Science and 
Technology, in his role as Chairman of the Tri-Council Co-ordinating 
Committee, should ensure that mathematicians are properly represented 
at the highest levels of decision-making for government policy con
cerning research support. 

It is obvious that the above nine suggestions are not ,of equal 
importance and that their implementation would involve quite differ
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ent agencies. It is urgent that all of them, and doubtless many 
other ideas, be seriously considered, that decisions be made and that 
action ensue. 

To get this ball rolling, it is recommended that the Ministry of 
State for Science and Technology institute a review of granting 
policies of the federal government for the support of research to 
determine 

(a) how the mathematical community can be represented more 
adequately at the senior levels of decision-making for federal 
support of research, 

(b) how the total financial support by the Federal government 
of research in the mathematical sciences can be sustained at an 
adequate level. 

(c) whether it would contribute more effectively to the devel
opment of the mathematical sciences in Canada if the current practice 
of the NRC, of awarding most grants to individual researchers, were 
gradually modified to emphasize somewhat more strongly the support of 
projects which bring Canadian researchers in the r~thematical 

sciences into active interaction. 

Notes - Chapter VII 
1.	 From Alfred Tennyson's famous poem Ulysses. 

2.	 Constance Reid, who is not a mathematician, has written a charm
ing and perceptive biography of David Hilbert who was a dominant 
mathematical figure at the turn of the century. In his lecture 
at the International ~thematical Congress in Paris in 1900, he 
posed a series of unsolved problems which have played a major 
role in guiding the development of the whole of mathematics re
search for the first half of the twentieth century. Reid's bio
graphy is called simply Hilbert. It was published in Berlin and 
New York by Springer-Verlag in 1970. 

3.	 On the margin of a book he was reading, Pierre de Fermat (1601 
1665) wrote that he had found a marvelous proof, which was too 
long to write in the rr~rgin, of the assertion that if n is a 
positive integer, greater than 2, there are no triples of 
integers (x , y, z ) satisfying the equation x n -+ y n = z n 
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It is known to be true for n ~3, 5, 7 and many other values but 
no general proof has yet been obtained. This is the most famous 
unsolved problem in mathematics. The classic problems of 
"squaring the circle" or "trisecting a 8eneral angle" by means of 
a ruler and compasses alone, for which many amateurs advance new 
"solutions" almost every year, were proved to be insoluble in the 
19th century. 

4.	 From Keat's poem "On First Looking into Chapman's Homer". 

5.	 Karl Weierstrass (1815 - 1897) was a very powerful mathematician 
whose work had a great influence on the theory of Complex 
functions. He taught in high school for many years - not only 
mathematics but also gymnastics, science and writing. There is a 
story that one morning he missed an eight o'clock class; this was 
so unusual that the director of the school went to his room to 
discover whether he was ill but merely found him working eagerly 
at research on Abelian functions, which he had started twelve 
hours before and continued through the night. He was unaware 
that daylight had come! He became a university professor at the 
age of 49 and continued actively at research into his old age. 

6.	 Ralph Lent Jeffery studied and taught at Acadia University in 
Nova Scotia. He was Head of lfuthematics at Queen's University 
from 1943 to 1960. At the age of 85 he was revising his treatise 
on the Theory of Function and actively lecturing on mathematics! 

7.	 The Fields Uedals have been awarded every four years since 1936 
to outstanding young mathematical researchers. The medal is cast 
by the Canadian rlint. The award was established in the will of 
J.C. Fields who was an algebraic geometer at the University of 
Toronto. For mathematics it is the closest equivalent to the 
~obel Prize. There is a story that Nobel was jealous of the fact 
that the contemporary mathematician, tlittag-Leffler, had frequent 
invitiations to play whist with the Swedish king and to make sure 
that he would never win the Prize, Nobel directed that there 
should ~ever be a Prize in mathematics! 

3.	 Ary~as 3 R~dvalis, A New Simple Group of Order 
2 3 5 7.13.29; Notices of American Mathematical Society, 
January 1973, Abstract No. 143. 

9.	 The following rather surprising passage from the Foreword to the 
Revised Edition of 1960 of A Book of French Wines by P. Morton 
Shand (Revised by Cyril Ray), Penguin Books, 1964, raises vividly 
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the universal problem of standards. "The craft of criticism 
ousht never to be thought of as confined to the fine and applied 
arts and literature with a capital L. Wine is as much an 
incessant human striving for perfection. For balance the 
supreme informing quality which distinguishes all great wines 
is only another aspect of form, and like poetry, sculpture, 
music, or architecture can from time to time achieve a measure of 
sublimity. All good criticism is the expression of the same 
comparatively rare type of interpretive intelligence, and 
therefore in essence one." 

10.	 It seems unlikely that the new legislation will come before 
Parliament in 1975 even though its imminence was announced early 
in 1974. Unhappily, such delay and indecision on the part of the 
government and the resulting uncertainty among scientists has 
been only too typical of the Canadian approach to science policy 
during the past two decades. 

11.	 Dr. G. Herzberg is a member of the permanent research staff at 
the National Research Council. He was awarded the Nobel Prize 
for his distinguis~ed work in molecular spectroscopy, in 1971. 

12.	 See Note 5, Chapter VI. 

13.	 The Degredation of the Academic Do~na: University in America, 
1945-70; Robert A. Hisbet, Hew York, Basic Books (1971); John 
Dewey Society, Lectures, Number 12. 

14.	 A widely respected applied mathematician who has served on the 
Hathematics Grants Committee of the i~RC submitted the following 
views to the Study: 

"I believe that the present method of support of basic 
research in all the sciences through individual operating grants 
from N.R.C. is a good one. The only important exception I would 
make is that I believe that the support of graduate students 
should be separate from the research grant system much more than 
it is now. 

"At least in the mathematical sciences, I think we would 
benefit from the transfer of a substantial portion of the funds 
from operating grants to scholarship funds for graduate students. 
Unlike the situation in the experimental sciences, a graduate 
student is seldom an important assistant in carrying out a 
faculty member's research project. Thus it is entirely possible 
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to separate the questions of graduate student support and of 
research support for a faculty member in the mathematical sci 
ences. This separation would have several advantages, including 
the following 

(i) It would be easier to control the number of students who 
undertake graduate work in mathematics in Canada. 

(ii) There would be more freedom to experiment with graduate 
programs which have little or no research component. 

(iii) The criteria for awarding grants and the legitimate uses 
of grant funds would be clearer to Grant Selection Committees and 
grantholders alike. I would hope that there would be adequate 
funds to provide a reasonable amount of money for travel, photo
copying, publication charges, and computing for all those activ
ely engaged in research. This amount of money would not be large 
and could be adjusted somewhat according to other demands on 
government finances. In addition, I would like to see much 
larger amounts of money available to those outstanding research
ers who were able and willing to use these amounts. These funds 
could be used to pay postdoctoral fellows, visiting scientists, 
and so on. I think the support for outstanding researchers is 
even more important than the modest support of the great mass of 
researchers; however, I think both types of support are valuable 
and should be maintained." 

15.	 One correspondent, very keen to encourage university mathe
maticians to relate more actively with users, is not convinced 
that the NRC is the best agency to encourage this. He writes 

"I do not think that N.R.C. grants are the best vehicle for 
the encouragement of more applied research. I think that 
departments of government which would like to see research done 
in their own special areas should expand their research grant and 
research contract programs. I have in mind here grants and 
contracts which would be much more mission-oriented than N.R.C. 
grants. Presumably such grants would leave much less freedom to 
the researcher to go off in directions of his own. Perhaps the 
Ministry of State for Science and Technology should have the 
responsibility of deciding the appropriate division of the 
nation's resources for research between the N.R.C. type of basic 
research and the mission-oriented research of other departments. 
Finally, I should say that we should be careful not to involve 
universities in research tasks which are not appropriate to their 



capabilities. The university does not have the solution for all 
society's problems and we should not pretend that it does. 
Government can get advice from its own servants and from special 
commissions which devote their full time to a question. Develop
ment	 projects will usually be done better in industry than in a 
university." 

16.	 One correspondent writes "I would prefer all grants to go to in
dividuals. Otherwise I am sure that some individuals will not be 
given their due because of department politics." 

17.	 l1ax Wyman was Professor of Yillthematics and, more recently, 
President of the University of Alberta. He is a former President 
of the Canadian Mathematical Congress. 
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Chapter VIII 

The Reward System 

"He played the recorder. That was was the reason we 
hired him." 
Interviewer, "Because he played a vecorder l " 
"Yes~ we thought that would be nice." 

"For most members of the profession~ the real strain 
in the academic role arises from the fact that they 
are~ in essence~ paid to do one job~ whereas the 
worth of their services is evaluated on the basis of 
how well they do another ... f10st professors contract 
to perform teaching services for their universities 
... however~ when they are evaluated it is in terms of 
their research contributions to their disciplinef." 

- T. Caplow and R.J. HcGee 

The first quotation illustrates rather pointedly that human 
decisions - even in universities - are not always as rational as a 
Systems ~~alyst might sometimes postulate for his models of social 
process! The second quotation alludes to the publish-or-perish 
pressure under which many academics live. Such pressures are much 
more intense in the outstanding universities in the United States 
than in most Canadian universities. Jonetheless many Canadian aca
demics experience an uncomfortable tension between the demands of 
their students, the expectations of their provincial paymasters, 
their commitment to their discipline and their ambition to be 
recognized as sound scholars by their peers. The position of the 
mathematician in industry or government can be even more difficult 
and frustrating - especially if his boss is suspicious of mathematics 
but at the same time expects of it miracle solutions to problems 
which have no neat solutions. 

~athematical Prestige 

There can be no question that the discovery of significant new 
mathematics is of central importance to the whole mathematical enter
prise. This is the Mount Everest which challenges everyone in the 
mathematics community. This challenge provides the elan vital which 
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has created mathematics as we know it today and therefore undergirds 
the whole of our technological society. It is therefore appropriate 
that the highest honours and prestige should be accorded to the 
creators of important mathematical theories. However, not every 
mountaineer spends his time climbing Everest and, indeed, it is the 
plain-dwellers who grow the food which nourishes the mountaineers! 

In our view, it has been a serious defect of the mathematical 
community throughout the world but especially in North America to ac
cord significant honour to no activity except the creation of new 
mathematics. Thus, writing expository books and articles, teaching 
mathematics, or communicating empathetically with the users of mathe
matics have been awarded almost zero prestige compared with research. 
The predoninance of this one value within the mathematics community 
has had an extremely bad effect. Since probably less than one in ten 
mathematicians create new mathematics which is accorded a permanent 
high valuation, nine out of ten have a conscious or unconscious sense 
of failure. Thus personal satisfaction is at a low ebb aTolong mathe
maticians over forty years of age. 

The predominance of this one value has brought much personal 
despair. However, its public effects have been even more serious. It 
has caused the mathematics community to turn in upon itself and 
become self-absorbed. This predominanc~ has been the chief cause of 
the failure of mathematicians to be out-going in dealing with the 
users of mathematics. 

Absorption in their discipline is not peculiar to mathemati
cians. This was made clear by Caplow and 11cGee in their well-known 
book and is illustrated by the second of the quotations which heads 
this chapter. They amass much evidence for their contention that 
prestige is the main factor controlling academia. It is almost im
possible to gain prestige if you took a PhD at a non-prestigious uni
versity. You cannot gain prestige merely by writing the most import
ant paper in your subject for the past thirty years. Until a pres
tigious authority in your field (who, necessarily will be a full 
professor at a prestigious university California, Harvard, 
Princeton, the Sorbonne or Moscow) recognizes it as significant no 
one will consider it worthwhile to undertake the effort of grappling 
with difficult new ideas. 

Even if one is not under 
lish - and such pressures are 
major American universities 
the respect of colleagues and 

i,

internal or external pressure to pub
certainly much less in Canadian than in 
in order to maintain self-respect and 

students, it is necessary to keep a
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breast of one's discipline. This can be enormously demanding in time 
and energy. A young Associate Professor of biochemistry estimated 
that he works eighty to ninety hours per week, eleven months of the 
year to maintain his good research reputation. His family gets very 
little of his time. He lectures only forty hours a year, but this is 
much compared with biochemists elsewhere. lfuny research mathemati
cians would share his feelings - and their spouses would resignedly 
admit that the syndrome is only too familiar to them. It is single
minded intensity of this order which has created modern science as we 
know it. The pattern of life of such men and women is totally unfam
iliar and almost unimaginable for most people in our society. Yet, 
unless the staff of a university has a solid core of such scholars 
passionately committed to keeping abreast of and extending scientific 
knowledge - the university will quickly decay into mediocrity and in
tellectual torpor. A country without such men and women will soon be 
out of touch with the modern world. 

Certainly the mathematical sciences were created in the past by, 
and depend for their vitality in the present and future on, men and 
women totally committed to research. They should be honoured for 
their contribution' However, they work with extraordinary zeal

2
because they enjoy doing so. There is no logical reason why they 
should be paid high salaries, though it is the duty of governments 
and university administrators to do whatever is reasonably possible 
to provide them with favourable working conditions. 

However, since the prestige of a university within the academic 
community depends chiefly on the quality of its scholars, the best 
are in great demand and the functioning of the Academic Marketplace 
has caused their conditions of employment to improve rapidly during 
this century. This has been linked with the population explosion and 
general exponential growth on all sides. University contracts for 
able researchers rightly include minimal teaching responsibilities 
usually no routine teaching, with the option of offering graduate 
courses if they feel the desire to do so. However, as Charles 
Dickens already noticed during his visit in 1842, the spirit of 
egalitariansim in the U.S.A. and Canada is so deep-seated that no one 
in North America will admit that anyone else is better than 
themselves. Most academics think they merit the same salary and 
working conditions as the ablest researcher. 

To jus t ify this, howeve r , we think that we have to be "produc
tive". Hhen we come to the crunch the only "objective proof" of 
"productivity" is the number of pages written. So it has been since 
1900 in North America. The search for prestige by universities and 
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the concomitant pursuit of prestige by academics thus resulted in a 
"productivity" fetish or idolatry. The unhappy consequences of 
idolatry, which were clearly enunciated when the Ten Commandments 
were promulgated on tbunt Sinai, have followed ineluctably. 

The Alternative 

The positive route forward is to explicitly repudiate this ob
session with research productivity within the discipline as the one 

.1.	 and only value. For each discipline, it is the key value in the 
sense that it characterizes that particular discipline. However, for 
the mathematical sciences equally important are (i) teaching, (ii) 
exposition, and (iii) co~~unicating with the non-mathematician. 

Since these three activities have been discussed at length 
I i I throughout this Report, it should be sufficient here merely to re

capitulate the few salient points. 
I I 

Teaching of mathematics enables students to develop one of the 
Ii highest capacities distinctive of the human species. rfuthematizing 

should result in joy and satisfaction. A primary duty of the mathe
matical community is to enable all men and women to experience this 
joy up to the limits of their capability. To accomplish this primary 
duty will require as much hard work and creative ima~ination as the 
most demanding frontier research. 

Exposition is essentially a synthetic activity. Bourbaki's 
great work is a stellar example. Good exposition illuminates the im
portance of particular theorems or results and brings them together 
in a meaningful whole. It excites in its audience new insight, 
power and delight. It opens up new vistas of possible application of 
mathematical theory - power. It brings hitherto disjoint and uncon
nected facts into illuminating interaction - insight. 

Communication with the users of mathematics demands on the part 
of the mathematician some acquaintance with the technical vocabulary 
of other fields, an unselfish out-going thrust of personality, and 
great patience in helping economists or biologists bring logical 
order into their complex data. 

All these activities are as important to the mathematical com
munity as research. They should be given equal prestige, and be re
warded as such. University Presidents, Deans and Chairmen of 
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Depart~ents should require that evidence of such activities be 

evinced by departments of mathematics. We therefore recommend 

in view of the changed role of mathematics in our society, that 
the officers of Canadian universities should provide increased in
centives for academics in the mathematical sciences to make greater 
efforts to conununicate on a professional basis with the "users" of 
mathematics. 

However, it is not only mathematicians whose attitudes need to 
change. It is equally essential that government, business and in
dustry learn how to make more effective use of mathematics. This 
will happen only if the incentive structure changes. Top management 
must reward long-range thinking and planning. Relevant mathematical 
competence must be sought out and given increased prestige and 
status. 

Notes - Chapter VIII 

1.	 Both quotations are from The Academic Marketplace by Theodore 
Cap low and Reece J. ~kGee an anatomy of the academic 
profession; Anchor Books, Doubleday and Company, ~ew York, 1965. 
(Originally published, 1958). 

2.	 One correspondent co~ments, "I think that 'enjoy' may be the 
wrong word. For some people science is more an 'addiction' than 
something they 'enj oy ' . " 
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Chapter IX 

A Canadian Institute of Applied Mathematics 

"To be~ or not to be: that is the question:
 
TY.hether 'tis nobler in the mind to suffer
 
The slings and arrows of outrageous fortune~
 

Or to take anns against a sea of troubles~
 

And by opposing end them?"
 
- from Shakespear's "Hamlet" 

The complexity and ambiguity of Hamlet's situation provides an 
apt parallel for the situation produced by the variety of advice and 
ideas about a Mathematics Institute which have been pressed upon the 
Study. The very first brief we received consisted of a comPrehensive 
and closely-reasoned argument from Professor F. H. IJortllover advo
cating the creation of an Institute which would serve as an active 
bridge between the users of mathematics and university mathematicians 
for all manner o~ applied mathematics. Hore recently, Professor 
Israel Halperin - circulated a proposal for the immediate establish
ment of a Mathematics Institute offering ten or more postdoctoral 
research positions for recent able young Canadians in pure and ap
plied mathematics. A wide variety of purposes have been suggested 
for such an Institute. There are many models to choose from in 
Japan, France, Denmark, the U.S.S.R. and the U.S.A. There are mathe
matics divisions in the Institutes for Advanced Study in Princeton 
and Dublin. 

The idea t~at Canada needs a 11athematics Institute is not new. 
Leopold Infeld advanced a proposal for an Applied I1athematics 
Institute before 1954. In 1962, Queen's University offered to host a 
f1athematical Institute. However, largely because of in-fighting among 
the various university mathematics departments for the meagre funds 
which the Eederal government was putting into the support of 
mathematics ,these previous initiatives proved abortive. 

The :Need 

Much greater efforts must be made to bring about fruitful inter
actions between university mathematicians and the users of mathemat
ics in Canadian business, industry, government and science. This 
message was forcefully brought home to us in dozens of briefs and in 
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all of the seminars. It must be regarded as one of the principal 
findings of our investigation. However, there are a number of form
idable obstacles which will make it difficult to accomplish this 
objective within the existing institutional framework. 

The Qost vexing problems that arise in the biological sciences, 
in the social sciences, or in the decision-making arena are very 
seldom formulated in precise Qathematical language. In order to be 
really useful, therefore, the mathematician has to be willing to 
learn a good deal about the non-mathematical context of the problem. 
This takes much time, effort and patience. It also requires an 
attitude of mutual confidence and respect between theoretician and 
practitioner, so that a productive dialogue can begin to take place, 
making it possible for a practicable solution to emerge. For the 
success of such a venture, it is clear that a high degree of personal 
commitment will be necessary, extending over a considerable period of 
time. Hhile this can be done and must be done within individual 
Departments of Ha t hema t Lc s in Canadian Universities, it will not 
happen overnight, given the attitudinal inertia which is so charac
teristic of institutions generally. The nature of the reward system 
within universities will make the transition doubly difficult, since 

I 1.1, 

lill it tends to reinforce existing modes of behaviour at the expense of 
other, more adventurous undertakings. On the other hand, a single 
decisive action could start the entire process going. 

1fhat is needed is a new locus of activity, with independent 
funding and without any other conflicting goals, to act as a pace
setter. We believe that an Institute of Applied Mathematics, 
focussing its attention exclusively on this question, would set an 
example for the entire mathematical cowaunity. Scholars attached to 
such an Institute could channel their undivided energy into the task 
of discovering the most promising avenues by which mathematical 
knowledge can be brought to bear on real-life problems of national 
importance: problems of transportation, communications, ecological 
impact, population distribution, and energy policy to mention just a 
few possibilities. By bringing together like-minded mathematicians 
\vho are presently scattered in universities and other centers across 
Canada, the new Institute could offer a wide range of experience and 
expertise that cannot presently be found in any single institution in 
Canada. 

Previous proposals for a Mathematics Institute conceived it 
primarily as a vehicle for the promotion of excellence within the 
field of mathematical research proper. The new element which has 
been introduced as a result of the rmthematics Study is the fact that 
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such an Institute, as outlined above, will have a very direct role to 
play in furthering national goals. 

Host of the departments of mathematics in Canadian universities 
are dominated by pure mathematicians and therefore, to redress the 
balance between pure and applied mathematics, there needs to be 
strong institutional support for Applied r1athematics. Since the 
universities are unlikely to hire many mathematicians in the 
immediate future, the best possibility for creative action is to 
start an Applied Mathematics Institute. 

Hamlet finally acted. In the present political circumstances, 
it is unlikely that the Government will act without a positive, 
precise recommendation from the Ministry of State for Science and 
Technology. 

Possible Functions 

Hany different funct.ions for a Canadian Hat.hema t LcaL Institute 
have been proposed. Too many. No one institution could effectively 
fulfill all the purposes that have been suggested. The members of 
the Joint Committee for the Study attach different importance to the 
different proposed functions. Nor is the Committee privy to the 
priorities of the federal government which are relevant to deciding 
among them. We must, therefore, attempt to set forth as clearly as 
possible, a number of alternatives and urge the government to move 
quickly. 

Conceivable functions for a r1athematics Institute include the 
following. 

1) To conduct research in some or all of the mathematical 
sciences both pure and applied. This is the function suggested by 
the Steklov Institute in the U.S.S.R. and by the Institute for 
Advanced Study in Princeton. It is consistent with one of the aims 
of the N.R.C. - to encourage fundmnental research. 

2) To promote the rational and responsible use of computers. 
Just as persons in agriculture, industry and various departments of 
the provincial and federal governments have obtained valuable techni
cal advice from various in-house laboratories of the N.R.C., equally 
great value would be derived from an agency which provided authorita
tive advice on the use of computers in solving practical problems. 
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There is always the question - will a computer be of any real value 
for a particular problem? If so, what? Frequently, there remains 
the need to devise an effective and econonlical algorithm to solve the 
problem. To accomplish this often requires the deployment of a wide 
variety of mathematical ideas and techniques. It is generally admit
ted that in industry, government and medical research in North Ameri
ca, many dollars are wasted on useless or uneconomicalmi 51ions of 
computing. Currently, in the main, the persons most available to 
give advice are employed by companies which sell computers or compu
ting services and have a vested interest in proliferating waste. 

3) To study survey methodology for human populations. There 
are comparatively reliable methods - of the Gallup-pole type for 
quickly surveying public opinion. However, in our consideration of 
the problem of estimating manpower supply and demand, it became 
apparent that there are no adequate techniques available anywhere for 
obtaining accurate information on a wide variety of economic and 
social indicators necessary for public policy. Often, large sums are 
expended to collect data which is never analyzed, or which is of 
dubious validity, or which is analyzed too late to be of other than 
historical interest. A serious study of the statistical methodology 
and operational procedures for surveys of this kind needs to be 
strongly influenced by other mathematicians in order to get new ideas 
to tackle the problems in this area. The project is of national 
scope and it can be best done in Ottawa since access on a daily basis 
to the Statistics Canada surveys and staff is desirable. However, the 
required research cannot be carried out effectively within the 
present framework of Statistics Canada. It needs an independent unit 
with its own facilities and staff, some of whom would be seconded 
from existing research groups within Statistics Canada." 

4) To coordinate and pursue the study of Systems Analysis ap
plied to Canadian problems. It might serve as the agency through 
\vhich Canada could relate in a meaningfgl way to the International 
Institute for Applied Systems Analysis (IIASA) and 70 the Inter
national Federation of Institutes for Advanced Study (IFIAS). The 
Futures Institute, proposed by Senator Lamontagne, if it were to come 
into being, would be largely an exercise in futility unless it had at 
its core a highly competent mathematical-modelling group. 

S) To serve as a halhJay house where personnel from universi
ties, community colleges, government and industry would meet and in
teract intensively for periods - from, say, two to twenty months. The 
professors would return with a better feeling of the problems which 
many of their graduates will actually confront. The others would 
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return with some of their problems solved and with new resources to 
attack outstanding problems. All would form new contacts which, over 
the years, might issue in creative collaboration. This was theg
experience of the Oxford Study Group . A contribution would be 
made to creating some of the "redundant channels of communication" 
which Stafford Beer rightly regards as essential if our increasingly 
complex and interdependent society is to survive. 

6) To mount specialized training courses for public servants at 
all levels of government whenever it becomes apparent that particular 
topics would be useful to sufficient numbers of people. Even if such 
courses were not offered by the Institute as such, the officers of 
the Institute might incite an appropriate university to offer such 
courses. 

7) To provide attractive job opportunities for able young Cana
dian PhD's, the best of whom night otherwise be drawn away from 
Canada during the present period of stringent financial conditions in 
the universities. 

8) To act as a central clearing-house for problems in applied 
mathematics that arise in Canadian governments (federal, provincial, 
or municipal), industry, business and science. By means of a well 
run clearing-house, it is argued, researchers in the mathematical 
sciences would be kept aware of significant unsolved problems and the 
users would be given help in finding solutions to immediate and 
long-term problems. 

Possible Forms 

To accomplish all of the preceding functions will require a 
very large organization in the long-run. However, strong objections 
have been raised against the creation of a monolithic institute with 
a large permanent staff. There is no way known to man of avoiding 
Newt on ' s famous Fourth Law: All bureaucracies have as their chief 
aim their o\Vll preservation! When this is combined with Newton's 
First Law, it follows (by mathematical logic) that once created, a 
monolithic institute would continue forever in an undeviating 
strai3ht line propelled by its own inertia. Furthermore, the evils 
of centralization in a country like Canada with extreme regional 
differences are universally admitted. Undoubtedly, the most dis
tinguished mathematical Institute in the world is the Steklov 
Institute in the U.S.S.R. which has two branches in Moscow, and 
Leningrad. 
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Any attempt to engage the federal government to provide large 
funding for a Hathematics Institute should recognize that it has 
already begun in a small way in its support of the Centre de 
Recherches Nathematiques in the University of Hontreal and that any 
addition~l effort should be regarded as a development from that 
Centre. 

The fonn of the Institute would, to a large extent, be dependent 
'I I upon the functions which it is created to fulfill. We describe three 

I I 
possible structural patterns. The first two have successful Canadian 
precedents. However, the third is probably more appropriate in the 
Canadian circumstances. 

I II 
(i) The Institute could be a new Division of the National 

Research Council, parallel to existing Divisions such as Physics or 
Mechanical Engineering. This is a form of organization which is well 
understood in Canada. It would mean that the Hathematics Institute 
could start off very quickly embedded in a significant nexus of 
first-rate scientific workers who are already attempting to reach out 
to satisfy the practical and developmental needs in Canada. It would 
have the disadvantage that the Institute might too easily settle into 
traditional administrative structures. Moreover, it would be 
competing with other well-established Divisions of the N.R.C. for the 
meagre funds which the government has been giving to the Council in 
recent years and it could be caught in the ethos of the N.R.C. which 
is dominated by engineers and experimental scientists who might not 
show great sympathy for modern Jevelopments and applications of 
mathematics. 

(ii) The Institute could be located at a university as are 
certain institutes concerned with transportation or resource develop
ment. This would ensure a continuing infusion of new ideas from the 
faculty of the university, provide for financial accountability, and 
make possible the offering of short courses through the department of 
continuing education of the university. It could also contribute to 
the strengthening and out-reach of the mathematics department of the 
university in question. If this were the structure decided upon, it 
would be natural to strengthen and enlarge the Centre des Recherches 
in the University of Hontreal. However, it would not then be 
possible to satisfy the desiderata of our correspondent who argued 
that the Institute should play a major role in improving the 
methodology of surveys in Canada. It is also unlikely that industry 
and government would finance an Institute tied to one university at 
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anything like the level which will be needed if a truly significant 
impact is to be made on the problems enumerated in the preceding 
section. 

(iii) An Institute could be created along the lines of the 
Steklov Institute, with a strong central headquarters and several 
branches distributed across the country. Each branch could special
ize in one or more aspect of the general aims. The subject of speci
alization could be related to regional problems. For example, a 
branch in Halifax might concentrate on mathematical modelling for 
oceanography and the Bay of Fundy tides; one in British Columbia on 
ecology and forest products; one in the Prairies on engineering and 
oil exploration; one in Central Canada on computing, financial 
institutions, and municipal government. The headquarters, in Ottawa, 
would act as a clearing-house, maintain contact with foreign institu
tes and pursue, for example, the critical study of survey 
methodology. Branches could be located in or near universities or in 
the provincial research foundations. There could be a separate 
branch specializing in engineering problems and sophisticated 
computer algorithms as a section of the n.R.C. 

\fuatever its structure, the Institute should be financed by 
long-term commitments from government and industry. The Treasury 
Board and the Ministry of State for Science and Technology could 
support the activigies related to IIASA and the modelling of issues 
in public policy. Since energy is an issue of grave long-range 
consequences, the Department of Energy, tfines and Resources would 
also be keenly interested in mathematical analysis related to energy 
policy. The Department of Transport, the transportation 
industry and the Department of Communications wouLd support research 
pertinent to flathematical problems bearing on transportation and 
communications. The lJ.R.C. would be involved with the mathematics of 
engineering, physics and chemistry. 

We would argue that it would not be healthy for the Institute to 
be funded by one grant from a central Granting Council, for this 
would allow it to become ingrown and disembodied. Better that its 
funding be linked directly to industry and departments of the federal 
government which are expecting some return for their money and in 
which there are officials who are responsible for continuing liaison 
- preferably officials with some mathematical training. However, for 
this concept to be viable, the funding must not be provided by one
year contracts. Some more flexible method involving firm commitments 
for various periods ranging from three to ten years must be found. 
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The Institute could explicitly avoid accumulating a large per~ 

manent staff by devoting a major portion of its budget to providing 
the supplementary funds necessary to facilitate the temporary 
movement of personnel between industry, government, universities and 
community colleges. (We assume that professors on sabbatical or 
personnel from industry would continue to receive their normal 
stipend from the agency from which they came and to which they would 
be committed to return.) 

Such an Institute is unlikely to spring full~blown from the brow 
of ltr. Drury, but if it were given the go~ahead signal - presuma~bY 

by the federal government - it would require a gestation period 
of three to eight years. It would need first~rate personnel from the 
beginning who combined wide-ranging competence with an imaginative 
approach to institutional structures. 

He therefore recommend, 

-that the Ministry of State for Science and Technology advise 
the government to create a Canadian Institute of Applied lfuthematics 
which would have as one of its principal objectives the promotion of 
interaction between researchers in the mathematical sciences and the 
users of mathematics. 

Notes - Chapter IX 

1.	 Professor Frank H. Nor t hover of Carleton Universi ty, a distin
guished Canadian applied mathernaticians,is especially noted for 
his work on diffraction theory. 

2.	 I. Halperin is a Professor at the University of Toronto who is 
internationally known for his work on operator algebras. 

3.	 Leopold Infeld, who collaborated with Einstein, became a Pro
fessor of i1athernatical Physics at the University of Toronto. He 
left in 1950, after being attacked in an irresponsible manner in 
Parliament by George Drew and returned to his native Poland where 
he became Director of a first-rate Institute of Theoretical 
Physics. 
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4.	 See Appendix VI. (As we go to press Professor Paul Ribenboin has 
just returned from six months in France where he gained the 
impression that the French government has been much more generous 
and energetic than the Canadian government in its support of pure 
and applied mathematics.) 

5.	 There is a story about an engineer in one of the government lab
oratories who requistioned 100 hours of computer time to find the 
roots of certain expressions involving Bessel functions. An able 
mathematician, acquainted with G.N. Watson's Theory of Bessel 
Functions, was able to write a program in a few minutes which 
solved the problem with 1/2 hour of computer time. The proces
sing of the ~~thematics Questionnaire is another case in point. 
Because the authors consisted of a statistican and two mathe
maticians, the cost to the Study was reduced very considerably 
compared with that quoted by a commercial firm or the cost of 
similar questionnaires to Statistics Canada. A senior official 
of one of the chartered banks told us, in confidence, that his 
bank had wasted millions of dollars on computers because they 
simply could not find competent personnel. 

6.	 IIASA is an Institute and situated in Austria near Vienna sup
ported by 12 countries, including the U.S.S.R. and the U.S.A. It 
is dedicated to the development of Systems Analysis for peaceful 
purposes. 

7.	 One correspondent wrote "A Canadian Hathematics Institute could 
cooperate with the 'International Federation of Institutes for 
Advanced Study', (IFIAS). This non-profit, non-government 
organization was founded in 1972 with a secretariat in Stockholm 
and now has twenty member Institutes. It is undertaking 
coordinated trans-nation and trans-disciplinary research and 
analysis likely to make significant impact on global problems. 
There is a place for applied mathematics in these studies and a 
Canadian Institute would be welcomed as a partner in the 
important work which lies ahead for this international 
organization." 

8.	 On page 354 of 11athematics in Today's World (the report of the 
Ottawa Seminar), Professor J.H. Blackwell, of the Department of 
Applied Mathematics of the University of Western Ontario, des
cribes a very successful informal conference, which has been held 
for several years at Oxford University, between Oxford mathema
ticians and engineers from industry with specific technical 
problems. 
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9~	 This view has been put forward by several persons including 
Professor F.M. Arscott, Head of the Department of Applied Mathe
matics at the University of lfunitoba, in his comment on the pro
posal of Professor Halperin referred to above. 

10.	 To suggest the order of magnitude of this proposal, if it is to 
be taken seriously, we are thinking (in 1975 dollars) of the fol
lowing "ballpark" figures: a basic Treasury Board Grant of two 
million dollars per annum, increasing to five million in eight 
years. Once the Institute had a few branches, additional funding 
in the form of three to ten year contracts could be sought from 
industry, provincial governments and various departments of the 
federal government. 
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Chapter X 

Canadian Council for the Mathematical Sciences 

"In Union There is Strength. " - Anon 

At its meeting in Hay 1974, the Joint Committee responsible for 
the lfuthematics Study passed the following resolution unanimously. 

"The sponsoring organizations of the Study should be urged to 
create a continuing Council to promote the development of the mathe
matical sciences in Canada and their deployment in the national 
interest." 

The Association of the six sponsoring organizations in the Study 
has opened up the possibility of interaction among groups interested 
in mathematics in Canada. This interaction holds good promise for 
the future. The channels of communication which have been brought 
into being should not be lightly abandoned. Furthermore, it will 
take several years of concerted effort to ensure that the recommenda
tions of this Study are considered seriously and acted upon in an 
effective manner. The chief role of the proposed Council will be to 
guide and maintain such a cooperative effort. 

Certain of the original aims of the Study have not been accom
plished because of lack of time and resources. Of prime importance 
are questions related to manpower, an area of which we have, at most, 
barely scratched the surface. 

There is universal lip-service to the proposition that our soc
iety is totally dependent for its well-being on technically trained 
personnel. However, no one claims that even the problem of making a 
sensible inventory of highly qualified personnel has been solved. We 
are much further from being able to foresee the number of persons of 
a particular competence which will be needed in the future, and from 
formulating a policy for their production and training. An import
ant, though formidable task of the Council, would be to devise a 
method of monitoring supply, demand and need for mathematically 
trained persons in Canada. This would supplement the more general 
third function proposed for the Applied l1athematics Institute. 
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Other possible purposes of the Council are contained in the sug
gestions at the end of Chapter III. 

The Seminars which were organized in connection with the Study 
to bring together mathematicians from the universities or community 
colleges on the one hand, and users of mathematics in industry, 
business or government on the other, were hailed by many of the 
participants as highly worthwhile. There is no doubt that a multi
tude of similar seminars could be conducted to good effect throughout 
the country. This might be a project sponsored by the Council. 

Another might be the development of a slightly different type of 
seminar aimed at middle and top management, since it was frequently 
alleged that a timid or ill-informed attitude towards mathematics on 
the part of management is an important factor inhibiting the effect
ive deployment of mathematics and mathematically trained personnel in 
our society. 

The Council might circulate a list of groups or individuals in 
universities, industry and government which would welcome mathemati
cal interaction as well as information concerning the interests and 
problems of the various groups. 

The Council might suggest to members of the participating organ
izations ways in which they could take constructive initiatives to 
improve the teaching of mathematics in elementary and secondary 
schools. 

The Council could hold a watching brief concerning standards of 
mathematics at all levels of the· educational system and seek to 
incite a general improvement. 

Until a Hathematics Institute is created along the lines des
cribed in Chapter IX, the Council might undertake to create a 
clearing-house to put users of mathematics in touch with 
mathematicians who are willing to do consulting work,and to advise 
universities when persons from industry and government wou Ld be 
available as guest lecturers. 

Membership in such a Council would not necessarily be restricted 
to the original six sponsors. Its Constitution should make provision 
for the adherence of other groups concerned about mathematics. In 
particular, if one or more organizations emerges which effectively 
represent mathematics teachers in secondary schools or" community 
colleges, it would be essential to gain their support for the 
Council. 
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In order to make even a modest beginning with some of the propo
sed tasks, financial resources in addition to those which the spon
sors of the Study could provide, must be found. Some of the tasks of 
the Council might be of interest to the 11inistry of State for Science 
and Technology or the Department of Industry, Trade and Commerce, or 
11anpower and Immigration, or Statistics Canada. An effective Council 
might become viable if supported by long-term contracts from various 
departments of the federal government. Furthermore, an effort should 
be undertaken to obtain contracts with industry and provincial 
governments in order that the Council be viewed as truly national in 
its scope. 
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Chapter XI 

An End and a Beginning 

"Come , my friends~ 

'Tis not too late to seek a newer world.
 
Push off~ and sitting well in order lmite
 
The sounding furrows. " Tennyson
 

In Chapter I we recorded the original formulation of the object
ives of the Study and also reported that these objectives were only 
partially attained. In this last chapter, we attempt to evaluate 
briefly our success in this respect, recapitulate the chief recommen
dations and point the way forward. 

The Objectives Revisited 

Let us look at the objectives as stated at the beginning of 
Chapter I. 

The first is partially answered by the results of the Question
naire and in t2e Report of the Ottawa Seminars: r~thematics in 
Today' s ~Jorld The practial implica tions of this information are 
not unambiguous. However, one conclusion is clear. Given the extra
ordinary importance of applied statistics in our society, it seems 
that most mathematics departments do not pay enough attention to this 
subject. 

The second objective called for the description and evaluation 
of research in the mathematical sciences. A mere inventory could 
have been undertaken but was not deemed to be worth the effort. How
ever, Appendix VIII exemplifies the sort of information bearing on 
this objective which is readily available. Possibly, it would not be 
unreasonable to take the Numbe r of Applicants under the several cate
gories of Appendix VIII as a rough indication of the amount of re
search activity in Canada in different areas of the mathematical sci 
ences. Presumably the ratio of the Nlli~ber of Awards to the Number of 
Applicants is a rough index of the quality of that research as 
evaluated by the peer judgement system. Of course, it is frequently 
urged that research should be evaluated in terms of the "national 
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interest" or its practical "usefulness". Abstractly considered, one 
can argue with some cogency along these lines. However, no one has 
yet suggested a better system than that which depends on peer judge
ments. Some, but by no means all, of the pros and cons of this issue 
were set forth in Chapter VII. 

In Chapter I we noted that the problem of estimating future 
needs for highly qualified personnel is far from solved for any dis
cipline. Certainly, we make no pretense that we have met satisfact
orily the third objective. However, we have accumulated much evi
dence that there has been a considerable need in the past for mathe
matically trained people and that this need will probably increase 
rapidly in the immediate future. We are grateful to Otto Tomasek and 
his colleagues in Bell Canada for providing the Job Forecast 
reported in Appendix IX. By improving the data base, the method by 
which that Forecast was obtained could probably be used to provide 
reasonably dependable forecasts for 2 or 3 years ahead, or possibly 
even for 4 years. However, the delay time in educating a Master's or 
Doctoral candidate is 5 to 8 years, so the value of such forecasts is 
limited. The problem of developing methods of obtaining forecasts of 
manpower supply and needs is closely related to the question of im
proving Survey Methodology raised in Chapter IX. This is a key 
problem in any rational approach to Public Policy. It should have 
high priority for any National Institute of Applied Mathematics 
funded by the federal government. 

The fourth objective dealt with education in the mathematical 
sciences. This was the subject which evoked the greatest response to 
the Study. It is treated in Chapters IV, V and VI. 

The last of the original explicit objectives requires us to sug
gest methods of identifying significant real problem areas amenable 
to mathematical treatment. That the number of such areas is almost 
unlimited is suggested in Cha~ter III and illustrated concretely in 
r1athematics in Today's World . When unsolved mathematical problems 
which are crucial for the understanding of some issues of public 
import are identified, they could be publicized by the proposed 
Institute for Applied Mathematics or the Canadian Council for the 
Mathematical Sciences. 
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Formal Recommendations 

The diligent reader of the Report will have noted that scattered 
through it are a large number of suggestions for action. ~early all 
of these were proposed by more than one correspondent to the Study. 
None of them are advanced dogmatically as ultimate truth. It is our 
hope that they will all be considered seriously and that such consid
eration will frequently lead to fruitful action. 

However, there are seven recommendations which the Joint Com
mittee of the ~illthematics Study regard as of central importance and 
on which they urge that action be taken as soon as possible. 

1. Explicit efforts must be made at many levels of our society 
- including universities, business, industry, departments of Federal 
and Provincial Governments and many Professional organizations in 
order to promote more effective deployment of mathematics and mathe
matically trained personnel. 

This recommendation is intended to sum up all the suggestions of 
Chapter III. 

2. The provincial Ministers of Education should take vigorous 
action to improve the teaching of mathematics in Elementary and 
Secondary Schools. 

Although directed in the first instance to the attention of the 
Ministers, the implementation of this recommendation will require 
active support of students, parents, researchers, professors, 
mathematical practitioners and Boards of Education over many years. 

3. On the initiative of the Canadian ~~thematical Congress a 
task force should be appointed jointly by the six sponsoring organiz
ations to study the programs in the mathematical sciences offered in 
Canada to Undergraduates, r~ster's and Doctoral students and to 
recommend the structure and content of such programs which it deems 
appropriate in Canada at present and for the immediate future. 

4. The ~1inistry of State for Science and Technology should 
institute a review of granting policies of the federal government for 
the support of research to determine (a) how the mathematical commun
ity can be more adequately represented at the senior levels of decis
ion-making for federal support of research, (b) how the total finan
cial support, by the federal government, of research in the mathemat
ical sciences can be sustained at an adequate level, (c) whether it 
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would contribute more effectively to the development of the mathemat
ical sciences in Canada if the current practice of the NRC of award
ing most grants to individual researchers, were gradually modified to 
emphasize somewhat more strongly the support of projects which bring 
Canadian researchers in the mathematical sciences into active inter
action. 

5. The officers of Canadian Universities should provide in
creased incentives for academics in the mathematical sciences to make 
greater efforts to cOBffiunicate on a professional basis with the users 
of mathematics. 

6. The Ministry of State for Science and Technology should 
advise the federal government to create a Canadian Institute of 
Applied Hathematics which would have as one of its principal object
ives the promotion of interaction between mathematical researchers 
and the users of mathematics. 

7. The sponsoring organizations of the Study should create a 
continuing Council to promote the development of the ~~thematical 

Sciences in Canada and their deployment in the national interest. 

A Nelver Horld 

In 1975, when these lines are being written, anyone who is 
sensitive to the global social process must regard the future with 
considerable apprehension. We confront an energy crisis, rising un
employment, galloping inflation, the degradation of our environment, 
an increase in violent crime, an explosion of the world population 
and the i~minent exhaustion of several vital non-renewable resources. 
Is this an epoch when we dare "waste" time wor ry Lng about the role of 
mathematics in Canada? 

Despite the many frightening possibilities whi.ch beset us, there 
has never been an epoch in human history when the options available 
to humanity were Inore exciting or more pregnant with possibilities 
for good. But if we are to seize these opportunities for a fuller 
life for all people, we shall need to bring to bear upon our problems 
our utmost powers of rationality - we shall need to mathematize. Of 
course, we shall need to do other things - to discipline our greed 
and self-interest, to understand sympathetically the ambitions of 
other peoples, to employ creatively the physical, engineering, 
biological and social sciences, to act boldly and decisively ... and 
much more. 
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Perhaps mathematizing will be only 3 10 percent of our effort, 
perhaps only 3 percent, perhaps only 1 percent - but it will be es
sential. Apart from the knowledge and control of abstract structure 
which only mathematics can provide, our contemporary complex technol
ogical society would dissolve in chaos. 

It is, therefore, urgent that we address ourselves to the tasks 
which this Report has attempted - however inadequately to delin
eate. As we go forward together, we shall learn what is important 
and what is unimportant. Hopefully, we shall gain new insights and 
new courage. 

Come, my friends. Perhaps it is not too late. 

Notes - Chapter XI 

1.	 From the end of Tennyson's Ulysses. 

2.	 Described in the section on the Eight Seminars in Chapter I. 

3.	 Recall the comment of W.E. Krause quoted in the section on 
consciousness-raising in Chapter III. 

•
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APPENDIX I 

Results of the Mathematics Survey 

He talked about the Mathematical Ecosystem in the second chapter 
and described briefly its five components and some of its linkages. 
He also discussed the mechanisms employed to gather information re
garding this ecosystem. Briefs were called for; eight one-day 
seminars were held; Universities, Industry and Government Agencies 
were visited; and a questionnaire (Table 1) was circulated widely. 

The findings of the survey questionnaire were used by the study 
leaders in concert with the infonnation gathered through the other 
three mechanisms. No one mechanism was capable of covering the many 
different points of view regarding the mathematical ecosystem. A 
valid picture was felt possible only through a multifaceted approach 
such as the one employed by this study. 

The survey was designed to focus on the movement of people from 
University programs in the Mathematical Sciences into working the 
world. We wanted to discover what kind of jobs mathematics graduates 
have been obtaining; what they have been making of their mathe
matical education; and what opinions they now have concerning the 
adequacy of this education in preparing them for careers. 

The methodology and questionnaire used to obtain this informa
tion are described below along with a discussion of the potential 
bias introduced as a consequence of the sizeable non-response group 
as well as the resulting statistical inferences one is able to make. 

Survey Hethodology 

In the Fall of 1973, the study leaders wrote to each mathe
matics department in every Canadian University requesting a complete 
~ailing list of all their graduates 

(i)	 at the bachelor's and master's levels, in the years 1960, 
1965, 1970, 1971, 1972 and 1973; 

(ii)	 at the PhD level, in every year from 1960 to 1973 
inclusive. 

Most of the mathematics departments had never attempted to con
tact their graduates before, and so a great deal of effort was in
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volved in compiling the mailing lists. Special difficulties were en
countered in dealing with students who did not taken an honours 
degree. It was finally decided to request Departments to include 
about 10% of these graduates in general programs who had taken 5 or 
more mathematics courses. Despite these and other difficulties, most 
university mathematics departments were extremely cooperative, ana 
agreed to mail out questionnaires which had been designed and tested 
by the study group. 

The questionnaires, accompanied by stamped self-return envel
opes, were returned directly to the study centre at the Science 
Council of Canada. Mr. K. Beltzner, bound by oath under the Official 
Secrecy Act, was called upon to check-in the questionnaires (through 
the attached code numbers) and to remove the top page containing the 
name and address of the respondent from the rest of the 
questionnaire. 

The top pages were subsequently used in the preparation of a mailing 
list of recipients for the tfuthematics report. 

The processing of the questionnaire was at first contracted-out 
under authority of the Joint Co~~ittee, but reverted back to the 
study group when it became evident after a series of long delays that 
the contractual terms could not be honoured by the firm. 

Under the direction of the study leaders, the questionnaire was 
processed in accordance with the following steps: (All computer 
processing was done at Queen's University at Kingston.) 

Step 1:	 The questionnaire was scanned for completeness and accuracy. 
An extensive pre-coding operation followed, coding the 

names of educational institutions, province or country of 
citizenship, province or country where the respondent 
completed his/her high school education, and province or 
country of employment. 

Step 2:	 The pre-coded questionnaire was then transcribed onto spec
ially designed coding sheets, followed by a fully-verified 
key punch operation. 

Step 3:	 The data cards were loaded onto computer tape using a stan
dard utility program. The raw data were then subjected to 
an extensive edit written by the study group and consisting 
of hundreds of consistency and cross checks. All errors 
detected by the computer edit were analyzed and after 
correction, re-introduced to the edit system. 
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Step 4:	 The ctean data tape was used in the construction of an 
SPSS file. ~umerous sub-files, including files of all 
bachelor, masier and doctoral graduates from Canadian 
Universities in the selected years were costructed. 
Sub-files of members of the sponsoring societies we r e also 
constructed and kept on computer tape files for future 
research purposes. 

Step 5:	 Various sub-files were used in the tabulation and analysis 
of the questionnaire. 

Non-response bias and statistical inference 

In every survey of this nature, there is always a problem in 
knowing what to do about the non-respondents. Why do some people 
receive, fill in, and return questionnaires while others do not? If 
it were simply a matter of chance, one would expect the information 
gleaned from the respondents to be typical of non-respondents as 
well. But the two groups are most probably not similar. It may be 
that the people who answered the questionnaire are the very ones who 
have the DOSt complaints to make; or who are the most vocal about 
their complaints. ~on-respondents certainly include people who have 
moved around a great deal or who have changed their names through 
marriage, and have therefore not received a questionnaire. (In fact, 
this is the single largest cause of this survey's low response rate 
(see Table 2). Some people who did receive the questionnaire may 
have refused to answer it for reasons which stem from their own per
sonal attitudes toward mathematics, toward education, or toward 
questionnaires in general, or toward this instrument in particular. 

It must be borne in mind, therefore, that the data and the 
opinions which are reported herein do not necessarily respresent the 
entire population of mathematics graduates in Canada, but only those 
who responded to the questionnaire (more than eighteen hundred indiv
iduals in all). Any attempt to draw statistical inferences about the 
total population of mathematics graduates in Canada on the basis of 
our survey results alone is unwarranted, and we would strongly resist 
any efforts to do so. 

Indeed, for the purpose of this study, it was not strictly neces
sary to obtain a 100% representative sample from a statistical point 
of view - for exactly the same reasons that it was not necessary to 

•
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obtain 100% representation for the other mechanisms employed to 
gather opinions, namely the call for briefs, the conferences held and 
the visits made! 

The fact that the views expressed to the study through the var
ious mechanisms were found not to be in conflict when it came to the 
identification of major problem areas suggests that little value 
could have been gained by spending significantly more resources en
suring that an absolutely representative statistical sample was at 
hand. Furthermore, the cross-checks available through the various 
mechanisms were felt to result in a much more accurate picture of the 
teaching at about 34%. This leaves the maj employedority in 
government and industry. 

Table A - Academic Employment of Mathematical Sciences Graduates by 
Degree Level 

Mathematics Survey 
1 

Working in Teaching as 
Educational primary nature 
Institutions of work 

Degree Level 
B.A. 29% 22% 27% 
lvi.A. !~5% 37% 41% 
PhD 82% 78% 35% 

Total 37% 30% 34% 

Highly Qualified Hanpowe r Pos t-Censal (1973) Survey. 
~otes: 1. The primary survey recorded both category of employer and 
nature of work, the HQM survey recorded occupation. 

2. Full time students working 
included in both surveys. 
Source: Primary research by the autho

on 

rs, 

a 

(

higher degree 

Table 1.1), HQM 

are 

Survey. 

Highlights of the Math Questionnaire 

"One of the main objectives of the Mathematics 
Study -is to find out what kind of career opportuni
ties there are for young men and women with mathe
matical capabilities~ and to feed this information 
back to university professors. We have excellent 
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programs for deveZoping academics people who 
intend to be teachers at the high school of univer
sity level - but we need a new breed of cat. 
Perhaps 80% of our graduates in future will be going 
out into the world of government and industry. Not 
too many professors know what tools they will need 
or iohat: prob l.eme they uri. LL encounter." 
- Comment by Professor C.F.A. Beaumont, AS30ciate 
Dean of the Faculty of Mathematics, University of 
Waterloo, at the Ottawa Seminar. 

By and large Professor Beaumont's future is not too far distant. 
Our primary survey research and the rtinistry of State for Science and 
Technology's "Highly Qualified Hanpower Survey" both place the per
centage of math grads who's primary nature of work or occupation is 

The same picture also held true for the chemist and physics B.A. 
Hon. Grads, the subject 05 an earlier highly focussed study by Drs. 
A.D. Boyd and A.C. Gross and published as a background study for 
the Science Council of Canada. These authors concluded that the 
honours program (in chemistry and physics) is in need of reassess
ment, and that educators must perform this task in tile near future. 

Table 1.1 provides detailed tabulations by degree level of the 
employment patterns by industry and primary function of the 
respondents to our primary survey. Similar tabulations showing the 
results of the HQM Survey will hopefully be available in time for our 
final edition. 

Mathematics Education 

The respondents were asked to reflect upon their mathematical 
education and express opinions regarding a variety of questions 
dealing with the emphasis that was placed on the totality of their 
mathematics education. Most questions were answerable through a 
rating scheme of whether there was sufficient, too much, or too 
little emphasis given. The results of these enquiries are presented 
below and are broken out separately by degree level. 

(a) Mathematics Bachelor Graduates 
The responses to Question II.G of the mathematics questionnaire 

are tabulated in Tables II.G.l - 3. These tabulations shed consid
erable light on the opinions held by the B.A. group regarding the 
emphasis that was placed on the different mathematics subject areas 
and the importance of these subject areas in their work. 

l
I 
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Table II.G.l reports on the mathematical education received by 
these graduates at the high school level. Here, Algebra, Geometry 
and Trigo~ometry were seen by the majority as being given sufficient 
attention. However, Set Theory, a relatively new subject area, was 
given a mixed rating. 

Tables II.G.l and 2 reveal a high degree of satisfaction with 
the emphasis that was placed on Analysis (Calculus and Differential 
Equations), and the importance of Computer Science (Computer 
Prograu@ing, Simulation Techniques, Systems Analysis) as well as the 
lack of importance of Topology (Point Set, Algebraic, ~funifold) and 
University Geometry (Solid, Differential, Projective) in their work. 
Also, of interest was the overall consistency by year in the 
direction away from the "About Right" option. Except for Calculus, 
illore respondents repeatedly felt that the emphasis which was placed 
on the different TIathematical subject areas was "too little" rather 
than "too much". 

It must be emphasized that we did not ask "why" the respondent 
felt that any subject area did not receive sufficient eillphasis. The 
reasons undoubtedly are nUillerous and varied. For example, one res
pondent to our questionnaire spoke out at the 1974 International 
Hathematics Congress Meeting in Vancouver and said that the reason 
for his stating that computer science received insufficient attention 
lIas that when he went to university, computers were not yet widely 
used. 

However, for whatever reasons, the fact that the majority in all 
~raduating classes found these subject areas as receiving insuffic
ient emphasis points toward the need of reassessing the curriculum of 
the math "streams" - especially since a number of these subject areas 
are th~ o~es identified as being of greatest importance in the grad
uates present job. 

Questions were also asked regarding the emphasis placed on the 
various TIechanisms employed to "teach" matheTIatics to the under
gradu~tes, (Table III.C.l.l and 1.2). The majority felt that the 
easy mechanisms: written assignments, lectures, independent study, 
and examinations received sufficient if not too much attention. On 
the other hand, the majority felt that original work, seminars, group 
discussions, and teamwork were lacking. 
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Turning to the type of material taught in the universities, the 
picture is no different. (Tables III.D.l.l and 1.2) Theoretical 
development of mathematics and well formulated mathematical problems 
were seen as receiving adequate attention whereas insufficient time 
was spent in stimulating the respondents with useful mathematical 
results and introducing them to unstructured problems. 

Similarly, whereas the respondents felt that sufficient emphasis 
was placed on the development of computation skills, they felt that 
insufficient emphasis was placed on teaching the art of communicating 
mathematical ideas to others, or discussing the interconnections 
between the various branches of mathematics or even how to use the 
mathematical literature. Furthermore, when queried about such things 
as the consideration given to the impact of mathematics on society or 
the cultural aspects of mathematics, the overwhelming response was 
that "too little" was given. 

(b) Mathematics Masters and Doctoral Graduates 

Generally, the master and doctoral graduates felt more satisfied 
with their mathematics education that the bachelor graduates. 

The differences in the emphasis placed on the various mechanisms 
employed to "teach" mathematics to the undergraduate and post-grad
uate students is evident in their opinions as reported in Tables III. 
C.2 and 3. 

For the master graduates, their mathematics graduate education 
provided sufficient emphasis on unstructured problems and useful 
results, original work and seminars. Over half of this group, 
however, felt that examinations were emphasized too much. 

The doctoral graduates also felt that more emphasis could have 
been placed on mathematical modelling and applications to other 
fields as well as to the history, philosophy, and t_h_e social~ _ 
implications of mathematics. 

The social, cultural, philisophical and historical aspects of 
mathematics were generally seen as being insufficiently emphasized in 
the mathematical education of all the respondents to the question
naire. 
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Hathematics and Jobs 

In order to relate mathematics to jobs, only those respondents 
employed full-time at the time of the survey are considered. Thus, 
"students" are not included. Further, we are considering only the 
graduates of Canadian Universities in certain select years, 
Those individuals who responded to the questionnaire through the 
society mailing lists will be, however, included in the final edition 
of this report. 

Question I.G asks the respondents to indicate whether or not 
they consider their job related to mathematics. We find that most 
do. In fact, the proportion of respondents who's jobs are related to 
mathematics increases with the level of the degree held, from 80% for 
the B.A. group to 98% for the PhD group (Table I.G). The most fre
quently cited reason for not choosing a mathematics related job was 
the preference to do something else. Neither the location of nor 
higher compensation for non-mathematical jobs appear to be signifi
cant factors in the decision affecting a graduates' opinion for a job 
unrelated to mathematics. 

Question II.A explores the issue of the necessity of a mathema
tics degree in the graduate's job as seen through the graduate's own 
eyes and according to the graduate's employer (Table II.A). Of parti
cular interest is the proportion of respondents, by degree level, who 
indicated that their job accoruing to their employer, requires a 
degree in the mathematical sciences. This proportion increases from 
39.0% for the B.A.'s, to 61.7% for the M.A.'s, to 84.1% for the 
PhD's. 

i~oteworthy, although not statistically significant, is the finding 
that these proportions are consistently higher in the respondents own 
opinion. That is, there appears to be some slight evidence that 
employers do not fully appreciate the extent to which a degree in 
mathematics is required in some jobs. This evidence, however, is not 
nearly as convincing as the strong opinions expressed by managers in 
our industrial seminars. In every seminar some managers presented 
the attitude that whereas they felt that mathematics is very 
important in their organization, mathematicians are not. 

Question II.B of the questionnaire asks the respondents to dis
play their approximate distribution of total working time among 
different functions and to list their first three principal activi
ties in the order of their relative importance. Table II.B.l dis
plays these first, second and third principal activities by degree 
level. 
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As expected, in light of Table 1.1 the principal activity of the 
PhD group is teaching mathematics and conducting mathematical 
research. For the M.A. group, investigating unstructured problems, 
increasing specialized knowledge through reading, attending seminars, 
etc., as well as teaching mathematics at the college level are cited 
most frequently as the principal activity. The B.A. group's princi~ 

pal activities are applying routine mathematical procedures, investi
gating unstructured problems and "other" functions. 

The percent distribution of the respondent's total working time 
by degree level is summarized in Table II.B.2. 

Job satisfaction which included the utilization of training was 
probed in Question II.F. Numerical answers were sought to a variety 
of characteristics and were recorded on a rating scale which ranged 
from "hardly at all" (20- 1+0) to "to a high degree" (61-80). Detailed 
tables, Table II.F.l - 4 are provided for the reader. 

The results to Question II.F. indicate that most graduates were 
satisfied with their work environment. Yet, despite the strong 
"central tendency", differences are observable on various questions. 
To better visualize and discriminate these differences, the reader is 
referred to the more detailed tables, which group the responses into 
six discrete groups. 

Utilization of training is seen as a particularly significant 
concept by educational planners and is worth commenting on separat
ely. Hhereas one speaks readily of the Ph.D. being underutilized, 
the question of whether or not the B.A. or M.A. is underutilized is 
not given much attention. This is primarily due to the significantly 
lower cost associated with educating a B.A. or ~1.A. However, the 
Tables II.F.l - 4 illustrate that as far as the respondents to our 
questionnaire are concerned, 33.3% of the B.A. group and 31.6% of the 
f1.A. group feel "underutilized" with respect to their mathematical 
training. The "underutilization" of the Ph.D. is 11.5%. 

The selected highlights presented above represent only a small 
fraction of the information available as a result of the primary 
survey. More focussed results will be forthcoming periodically and 
comparisons withthe results of Special Study No. 28, "Education and 
Jobs" by A.D. Boyd and A.C. Gross, and wi t.h the results of the Highly 
Qualified Manpower Post-Censal (1973) Survey are also planned. 
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Notes - Appendix I 

1.	 The questionnaires were sent out by the following Canadian 
University Departments: 
ACADIA UNIVERSITY - Computer Science 
UNIVERSITY OF Alberta - Mathematics 
ALTHOUSE COLLEGE OF EDUCATION (U. of Western Ontario) - Mathematics 

(Education)
 
BISHOP'S UNIVERSITY - Hathematics
 
UNIVERSITY OF BRITISH COLUMBIA - Computer Science
 
BROCK m~IVERSITY - Mathematics
 
UNIVERSITY OF CALGARY - Mathematics
 
DALHOUSIE UNIVERSITY - Hathematics
 
UNIVERSITY OF GUELPH - Mathematics and Statistics
 
LAKEHEAD UNIVERSITY - Hathematics
 
UNIVERSITE LAVAL - Mathematics, Computer Science
 
UNIVERSITY OF LETHBRIDGE - Mathematical Sciences
 
LOYOLA COLLEGE - Computer Science
 
UNIVERSITY OF MA~ITOBA - lfuthematics, Statistics
 
ffi~IVERSITY OF McGILL - Hathematics
 
l"IENORIAL UNIVERSITY OF NE~~FOTJNDLAl~D - Mathematics
 
Ut'JIVERSITE DE MONCT01~ - Mathematics
 
UNIVERSITY OF NEW BRUNSHICK - Hathematics
 
OTTAVJA UNIVERSITY - }~thematics
 
UNIVERSITY OF PRINCE EDHARD ISLAND - Mathematics
 
UNIVERSITE DU QUEBEC a Chicoutimi - Hathematics
 

a Hontreal - Hathematics 
a Trois Rivieres - l~thematics 

QUEEN'S UNIVERSITY - Mathematics, Computing and Information Science 
ROYAL MILITARY COLLEGE OF Cfu~ADA - Mathematics 
UNIVERSITY OF SASKATCHEWAN - (Regina) - Mathematics 

(Saskatoon) - Hathematics, Computer Science 
UNIVERSITE DE SIIERBROOKE - Hathematics 
SIMON FRASER m~IVERSITY - Hathematics 
SIR GEORGE WILLIM1S m~IVERSITY - Mathematics 
ffi~IVERSITY OF TORONTO - Mathematics, Computer Science 
UNIVERSITY OF VICTORIA - ~Iathematics 

UNIVERSITY OF WATERLOO - Faculty of Hathematics 
UNIVERSITY OF WESTERL'J ONTARIO - !·~thematics, Applied Hathematics and 

Computer Science
 
UNIVERSITY OF vlINDSOR - Hathematics and Compu t e r Science
 
m~IVERSITY OF WINNIPEG - ~~thematics and Statistics
 
YORK m~IVERSITY - Mathematics
 

196 



--"'-----

2.	 SPSS, or Statistical Package fer the Social Sciences, is a 'software' 
package (or set of computer programs available at most University 
computer installations. 

3.	 Special Study No , 28, ~ "Education and Jobs", p . 67. 

4.	 See Chapter VI. 
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a	 study sponsored by 

Canadian Mathematical Congress 
Canadian Institute of Actuaries 
Canadian Operational Research Society 
Canadian Information Processing Society 
Statistical Science Association of Canada 
American Statistical Association (District 11) 
______________________ Tel. (613) 995 -6853__ 

November 1973 

THE MATHEMATICS QUESTIOI\INAIRE 

1.	 DO NOT COMPLETE TH IS QUESTIONNAI RE MORE THAN ONCE. If you have already completed 
and returned the questionnaire, please accept our thanks and destroy this copy. 

2.	 THE ANSWERS WHICH YOU GIVE WILL BE KEPT IN THE STRICTEST CONFIDENCE. Each 

university will have access to information concerning its own graduates, but no data regarding individuals 
or organizations will be published. 

3.	 WHAT ARE TH E MATH EMATI CA L SCIE NC ES? For the purposes of this questionnaire, the Mathema

tical Sciences consist of Pure Mathematics, Appl ied Mathematics, Mathematical Statistics, Actuarial 

Science, Operations Research, and Computer Science. The words "mathematics", "mathematical", and 

"mathematician" refer to any or all of these fields. 

4.	 FOR YOUR CONVEI\IIENCE IN ANSWERING: All spaces for answers appear as white areas on a blue 
background. Almost all of the questions can be answered with a checkmark or a number. I f a question is 

not appl icable to your present situation, sk ip it. Comments on selected questions appear on page 1. 

5.	 HOW TO ANSWER THE OPINION QUESTIONS: Some of the questions in sections II and III ofthe 

questionnaire ask for your opinion on the strengths and weaknesses of your mathematical education. In 

each case, we are seeking your considered opinion, based on your subsequent experience and your 

views of the purpose of education. 

6.	 ADDITIONAL INPUT TO THE STUDY: You are invited to give fuller expression to your views on the 

role of mathematics in our society and its relation to your own career, by sending a letter or a brief to 

the Mathematics Study, c/o The Science Council of Canada, at the address given above. Aim for January 

15, 1974, as a deadl ine. 

7.	 SUIVIMARY OF RESULTS: If you wish to receive a summary of the results of this survey, please give 

your name and address in the space provided below. THIS IS ENTIRELY OPTIONAL. YOUR NAME 

WILL NOT BE ASSOCIATED WITH YOUR COMPLETED QUESTIONNAIRE IN ANY WAY. IF YOU 

PREFER, YOU MAY DETACH THIS SHEET AND MAIL IT SEPARATELY. 

NAME (Print) 

ADDRESS 
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COMMENTS ON SELECTED QUESTIONS 

I.	 BIOGRAPHICAL AND PROFESSIONAL INFORMATION 

A.	 Please use more than one code number to describe joint specialties or special fields; e.g. hydrodynamics 
(5 & 6) or econometrics (1 & 8). 

C.	 This question will give some information on migration patterns. 

D. 

E.	 The sponsoring societies are identified on the letterhead. The other societies are: (g) American 
Mathematical Society.; (h) Association for Computing Machinery;. (i) The Institute. of Manage 
Sciences; (j) The Society for Industrial and Applied Mathematics; (k) The Mathematical Association 
America. You may attach a list of other mathematical societies. to which you belong, if you wish~· 

11.	 MATHEMATICS A1\1 0 YOUR PRESENT JOB 

B. 

C.	 The answer you give will 
purposes of. aggregation. 

G. 

H. 

III.	 REFLECTIONS ON YOUR MATHEMATICAL EDUCATION 

A.	 In expressing your opinion, 
undergraduate education. 



__ 

- 2
CONFIDENTIAL 

I. BIOGRAPHICAL AND PROFESSIONAL INFORMATION 

A.	 Please cite all post-secondary DEGREES or DIPLOMAS (if honours degree, please indicate). From the list given below, 
select one, two, or three phrases to describe your FIELD(SJ OF CONCENTRA TlON, and enter the appropriate code
 
numbers in the table.
 

Degree or 
Diploma 

-honours? 

Year awarded 
or expected 
e.g. '65, '74. 

Fields of 
Concentration 

seecode 
Name of Institution Province/Country 

FOR OFFICE 

USE ONLY 

I 

I 

I 
I 

I I 

1.	 Mathematical Statistics 
2.	 Actuarial Science 
3. Operations Research 
4. Computer Science 
5. Mathematics (other) 

B.	 a) Age 

b)	 Sex 

c)	 Citizel1sh ip 

FIELDS OF CONCENTRATION 

6.	 Physical & Earth Sciences 11. Engineering 
7.	 Biological & Medical Sciences 12. Education 
8.	 Social & Behavioural Sciences 13. Law 
9.	 Business & Commerce 14. Other Professional 

10.	 Humanities & Languages Fields 

C. In what PROVINCE or COUNTRY did you complete 
your HIGH SCHOOL education? 

D.	 Approximately how many HALF COURSES did you 
complete at the COLLEGE or UNDERGRADUA TE 
UNIVERSITY level in the following areas of 
Mathematical Science (before graduation)? 

a) Pure Mathematics
 
b) Probability & Statistics
 
c) Computer Science
 
d) Applied Mathematics
 

e)	 TOTAL 

HALF COURSE:	 3 hours/week for about 4 months, 
or equ ivalent. 

APPLIED MA TH:	 includes O.R., actuarial math, 
econometrics, mathematical 
physics, etc. 

E.	 Please check (V) the boxes corresponding to the 
PROFESSIONAL MA THEMA TICAL SOCIETIES 
to wh ich you belong. 

Sponsoring Societies Other Societies 

a) C C.M.C. g) 0 A.M.S. 
b) 0 C.I.P.S. h) 0 A.C.M. 
e) 0 C.O.R.S. i) [] T.I.M.S. 
d) [J S.S.A.C. j) [J S.I.A.M. 
e) 0 A.S.A. k) 0 M.A.A. 
f) D C.I.A. I) [J Others: 

(number please) 

F. What is your current EMPLOYMENT STA TUS? 

a) C employed full time 
b) C employed part time 
c) 0 on leave of absence 
d) 0 self-employed 
e) C housewife 
f) C student 
g) reti red 

h)	 rJ other (specify) ~~~~~~~~~~~~__ 

G.	 Is your present job RELA TED TO MA THEMA TICS? 

a)	 [' YES b) r NO 

If not, what was your MOST IMPORTANT REASON 
for choosing a non-mathematical job? 

a) /1 preferred to do something other than math 
b) 0 promoted out of mathematics position 
c) 0 pay is better 
d) 0 locational preference 
e) 0 mathematical position not available 
f) Dother'(specify) 

H.	 Have you ever accepted a POSTDOCTORAL FELLOW
SHIP or similar appointment? 

a) YES 

If you have, what was your MOST IMPORTANT 
REASON for accepting the appointment? 

a) 0 sought additional research experience 
b) 0 hoped for permanent job as a result 
c) 0 alternative employment not available 
d) 0 alternative employment not desirable 
e) 0 opportunity to change fields 
f) 0 opportunity to travel 
g) 0 other (specify) " 

OFFICE USE ONLY:	 C.~ 



I.	 Please provide information on each job held since completing your undergraduate education. Start with your present job and work backwards in time. Promotions should be listed as 
SEPARATE JOBS whenever they involve achanqe in job title or nature of work. Note: (1) Most of the questions can be answered simply by inserting a number. (2) Use a separate 
row for each job or promotion. (3) Use a separate row for lengthy sickness, leaves, etc. 

DATES OF NAME, LOCA TlON,and 
EMPLOYMENT CATEGORY OF EMPLOYER 

Give the name and location 0fe~ch employer 
(see examples below). 1n each uase.choose ONE 
number from the following listtqindicateJhe 
category of vour employer. 

CATEGORY OFEMPCOYER 

Primary Industry , , '.' . , , . " 1 
Manufacturing .. , .. , ..•.. 2 
Transportation & Communication 3 
Public Utilities ., .... 4 

Please give Trade (Wholesale & Retail) 5 
lJeginning Finance and Insurance 6 
month and Business. Service Industries' 7 

year, and Military ... ", 8 
ending Federal Government 9 

month and Provincial Government 10 
year,for Other Government 11 

each University ..... 12 
ernplover; College (post-secondary) 13 

High School 14 
Grade School 15 

from 1Q. Other 16 

April Aug, IUniversity of Ottawa 
1956 1966 Ottawa, Ontario 

June Sept, Statistics Canada 
Ottawa, Ontario1972 1973 

SPECIFIC JOB TITLE and pROSS ANNUAL SALARY 
NATURE OF WORK BEFORE TAXES 

For each position enter your official job title. In 
addition. choose up to THREE numbers from the 
list to describe the nature of your work. 

NA TURE OFWORK 

Teaching & Training 1 
Basic Mathematical Research 2 
Applied Mathematical Research 3 
Mathematical Modelling 4 
Actuarial & Business Math 5 
Operations Research .. , . 6 
Programming & Dataprocessing 7 
Systems Analysis , 8 In each case, give 
Simulation & Systems Engineering 9 beginning salary 
Other Computer Work 10 & ending salary. 
Sampling & Surveying ." 11 measured in 
Experimental Design.. . 12 thousands of 
Other Statistical Procedures. 13 dollars,& rounded 
Consulting (mathematical) 14 off to the nearest 
Supervision (related to math) 15 thousand. 
Administration ... ' 16 
Other (specify in each case) 17 beginning ending 

7 9 

9 

PRIMAR Y OR MAIN REASON FOR 
LEAVING THIS POSITION 

Choose ONE number in each case and 
enter below (see examples). 

promoted 1 
exceptional job opportunity 2 
to gain more experience 3 
study for advanced degree. 4 
wanted other type of work 5 
climate, location 6 
physical or mental health 7 
inadequate pay 8 
little opportunity to advance 9 
poor working conditions 10 
low recognition of mathematicians 11 
big operation: 

lost-in crowd 12 
small operation: 

not enouqh scope 13 
grol.lp layoff; fired; 

contract not renewed 14 
family responsibilities ••..•. 
other (specify in each case) 

1 115 w 
16 I 

1 

2 



-4-	 CONFIDENTIAL 

II. MATHEMATICS AND YOUR PRESENT JOB 

A. What kind of ACADEMIC QUAL/FICA TlONS are required in your present job? Please check ONE box in each column. 

According to In your own 
your Employer OpinionNO DEGREE REQUIRED:
 

a) technical training would suffice o
 
BACHELOR'S DEGREE REQUIRED: 

b) in the Mathematical Sciences . '~ [J 
c) not necessarily in the Mathematical Sciences r-J 0 

GRADUATE DEGREE REQUI RED:
 
d) in the Mathematical Sciences . 0 0
 
e) not necessarily in the Mathematical Sciences 0 0
 

B.	 Please show the approximate DISTRIBUTION of your TOTAL WORKING TIME among the different FUNCTIONS, to the 
nearest 5(!r,or 10%. (I nclude preparation and work done at horne.) 

a) applving routine mathematical procedures
 
b) supervising or evaluating mathematical work
 
c) advising non-mathematicians on math-related problems
 
d) investigating unstructured problems .
 
e) doing basic or applied mathematical research
 
f) writing mathematical papers. books. or reports
 
g) increasing specialized knowledge: reading, seminars, etc
 
h) teaching mathematics at the post-graduate level
 
H teach ing math at the college or undergraduate level
 
j) other mathematical teaching
 
k) non-mathematical teaching
 
l) administration
 
m) other functions .
 

100 % 

Which of the above functions do you regard as your two or three principal activities, in your own order of importance? 

First: __ . : Second:__: Third: : 

C.	 How much TIME do you spend on your PRESENT JOB !F. Using the scale and the words, select a number from 20 to 
{including preparation and work done at home)? 80 to show the extent to which each CHARACTERISTIC 

is present in your job now. 
a) hours/week, out of	 I!20 40 60 80 

Ib) weeks/year.	 I [ I I I 

II ' \ i l. ... 

hardly at all moderately to a high degree 
D.	 In addition to your full-time work, do you TEACH on a 

' 

! 
part-time or summer basis? 

<1) C YES: course-hours/year
 
b) !' NO,
 

E.	 Please indicate how many MATHEMA TICAL JOURNALS 
you read regularly. Also, please indicate how many 
CONFERENCES and NON-DEGREE COURSES in the 
Mathematical Sciences you have attended during the past 
two years. 

a) journals read
 
bl conferences attended
 
c) courses attended
 

(not for degree) 

a)	 congenial colleagues 
b)	 good working conditions 
c)	 good salary 
d)	 jobsecurity 
e)	 promotion prospects 
f)	 novelty & variety of employment 
g)	 utilization of training 
h)	 personal satisfaction ....• 
i)	 scope for individual initiative 
j)	 intellectual stimulation .. 
k)	 prestige inside peer group 
I)	 prestige outside peer grOup 
rn) social usafulnsss" . 



G. Below is a list of mCJthematical subject areas. Opposite each-subjectarea.vlnsert TWO CODE NUMBERS in response to the following two questions: 

(a) Looking back onyour FORMAL MATHElVIATICAL EDUCATION, what is your 
opinion of the emphasis that vvas plaqedon each subject area? 

COOED ANSWERS 

1. Too much 

3. Too Little 

2. About Right 

4. !'I0 Opinion 

(b) How important is this ~ubjectarea\IVhenyou USE MATHEMATICS 
INYOUR WORK? 

COOED ANSWERS 

1. Great Importance 

3. Little Impor tance 

2. Moderat!'! Importance 

4. No Importance 

(a) (b) 

1. ELEMENTARY MATHEMATICS 
high schoolalgebrCJ 
high schoolgeom~try 

trigonometry 
elementary set theory 

2. FINITE MATHEMATICS 
numerical analy~is 

eomblnatotles 
graphs and netINQrks 
other 

3. UNIVERSITY.ALGEBRA 
number theory 
linear algebra 
booleCJrlCJlgebra 
other 

4. UNIVERSITYGEOMETRY 
sol id geornetry 
diftl gE;lomE;ltry 
projective geometry 
other 

(a) (b) 

5. ANALYSIS 
elernentarveatcutua'; 
advanced calcul us 
diff'J equations 
other 

6. TOPOLOGY 
point set topology 
algebraic topology 
manifold theory 
other 

7. OPTlMJZA TlON 
linear & dYnamic programming 
variational principles 
control theory 
other optimization techniques 

8. COMPUTER SCI ENCE 
c::omputer programming 
simulation techniques 
systems analysis 
Qther 

(a) (b) 

9. PROBABILITY & STA TlSTICS 
elementary statistics" * 
other statistics 
stochastic processes 
queuing theory 
probability theory 

10. APPL ICA TlONS OF MA THEMA TICS 
actuarial science 
operCJtions research 
mathematical physics . 
other appl jed mathematics 

11. OTHER MATHEMA TICS (write in) 

*elementary calculus	 inc:ludesQasic notionsanc!standard ClPplicCltions()f ordinary and partial **elementary statistics includes basicconc~ptsofstatistic;sanc!routil1E;lprQcedyressl,Jqh as 
derivatives, Riemann intE;lgration sequencesCJndseries, andTCJYlor reqression anCilysis,qhj·square tests, andanaly~is of varianqe 
expansions 

Year 

1966 

1967 

1968 

1969 

1971 

1972 

1973 



.- 6-	 CONFIDENTIAL 

III. REFLECTIONS ON YOUR MATHEMATICAL EDUCATION 

A,	 Please estimate the PERCENTAGE OF CLASS TIME devoted 
to each of the following fields in your UNDERG RADUA TE 
education. In each case, you are invited to express an opinion 
by inserting a code number corresponding to the following: 

CODED ANSWE RS 

1. Too Much 2. About Right 

3. Too Little 4. No Opinion 

C.	 Please give an opinion regarding the emphasis placed on 
the following elements of CONTENT & METHODOLOGY 
in your UNIVERSITY MATHEMA TICAL EDUCA TlON. 

CODED ANSWERS 

1. Too Much 2, About Right 

3. Too Little 4. No Opinion 

Under 
Grad 

Post 
Grad 

a) theoretical development 
b) useful results 
c) well-tormotated problems 
d) unstructured problems 
e) mathematical modelling 
f) applications to other fields 
g) history & philosophy of math 
h) social implications of math 
i) lectures 
j) seminars, group discussions 
k) individual guidance 
I) tutorials, problem sessions 
m) independent study 
n) original work 
0) developing teaching ability 
p) written assignments 
q) examinations 
r) teamwork 

THANK YOU FOR YOUR
 
COOPE RATIO"!
 

IN COrv~PLETII\]G THIS
 
QUESTIONNAIRE.
 

a) Mathematical Sciences 
b) Physical/Earth Sciences 
c) Engineering 
d) Biological/Medical Sciences 
e) Social/Behavioural Sciences 
f) Business & Commerce 
g) Humanities & Languages 
h) Other 

Class Your
 
Time Opinion
 

100 % 

8.	 What was your KEY REASON when you chose to specialize 

in the Mathematical Sciences? Please check ONE box. If 

unable to decide, you may check more than one box; your 

answers will then be given equal weight. 

a) C fascination with mathematical sciences 
b) C interest in applications to other sciences 
c) CJ interest in "real life" applications 
d) C special aptitude in mathematical sciences 
e) 0 attracted by career opportunities 
f) U motivated by family, friends, or teachers 
g) 0 more challenging than other fields 
h) [J less demanding than other fields 
i) D other (specify) _ 
j) [] don't know 

D.	 Please express an opinion on the DEGREE OF CONSIDERA TlON that was given to each of the following in your own 
MA THEMA TICAL EDUCA TlON, by inserting a code number corresponding to the following 

CODED ANSWERS 

1.	 Too Much 2, About Right 3. Too Little 4, No Opinion 

High Under
School Graduate Graduate 

a) ORIGINS of mathematical concepts and theories
 
b) INTERCONNECTIONS between various branches of math.
 
c) LlMITA TlONS and ABUSES of mathematical methods
 
d) COMMUNICA TlNG mathematical ideas to others
 
e) developing COMPUTA TlONAL SKILLS .
 
f) learning how to use the MA THEMA TICAL LITERATURE
 
g) CONTACT with users of mathematics (invited tal ks, etc) ..
 
h) CAREER OPPORTUNITIES in the Mathematical Sciences
 
i] the IMPACT of mathematics on modern society .. , ..
 
j) CUL TURAL ASPECTS of mathematics .
 
k) CONTEMPORARY DEVELOPMENTS in mathematics
 



APPENDIX I 
Table 2 - Percent Response to the Mathematics Questionnaire by Degree 
Level and by Year of Graduation: All Classes -1 llBthematica1 Sciences 

Canadian Universities 

Year of Graduation 19601 1965 3 1970 1971 1972 1973 
All 

Years 

Bachelors Degree 
Degrees awarded 138 263 699 911 1181 1138 4330 
Humber of respondents 25 34 229 253 333 352 1276 
Percent response 18.1% 31.9% 32.8% 27. 8~~ 28.2% 30.9% 29.5% 

I.-lasters Degree 
Degrees awarded 25 95 304 340 318 250 1332 
Number of respondents 6 40 67 96 85 93 387 
Percent response 24.0% 42.1% 22.0% 28.2% 26.7% 37.2% 29.1% 

Doctoral Degree 
Degree awa rded 45 182 47 77 90 75 516 
Jumber of respondents 10 59 20 27 24 28 168 
Percent response 22.2% 32. !j.% 42.6% 35.1% 26.7% 37.3% 32.6% 

All Degrees 
Degrees awar ded 208 540 1050 1323 1589 1463 6178 
Number of respondents 41 183 316 376 442 473 1831 
Percent response 19.7% 33.9% 30.1% 28.3% 27.8% 32.3% 29.6% 

1 See note at end of Appendix I. 
2 For PhD's 1960 refers to 1960 to 1964 inclusive. 
3 For PhD's 1965 refers to 1965 to 1969 inclusive. 

i~ote:	 The unadjusted response rate calculated above is sinp1y the ratio 
of useable returns to the questionnaires mailed out (degrees 
awarded) x 100%. 

Source: Primary research by the authors. 
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2
Table I.G - Current Job Related to Mathematics by Degrer Level: 
All Classes - lfuthematical Sciences - Canadian Universities 

Level of last highest degree B.A. U.A. Ph.D. 
% % % 

(i)	 Job Related to I:1athematics 80.2 39.7 97.5 

(ii) Reasons for job not related to Hathematics: 
(a)	 preferred to do something other than 

math 7.1 3.7 1.9 
(b)	 promoted out of mathematics position 0.9 1.5 0.6 
(c)	 pay is better 1.4 0.0 0.0 
(d)	 locational preference 0.6 0.4 0.0 
(e)	 mathematical position not available 5.2 2.9 0.0 
(f)	 other 3.7 1.8 0.0 

(iii) No response 0.9 0.0 0.0 
Total 100.0 100.0 100.0 

Number of respondents	 938 272 157 

2 
Tabulation restricted to those working full-tine. 

Note: See general notes at the beginning of the Tables. 

Source: Pr imary research by the authors. 
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APpmmIX I 1 
Table II.B.l - The First, Second and Third Priyciple Activity of the Graduates' Present Job by Degree Level: All Classes 
Mathematical Sciences - Canadian Universities 

First Principle Activity Second Principle Activity Third Principle Act. 
Level of last highest degree B.A. M.A. PhD B.A. M.A. PhD B.A. M.A. PhD 

% % % % % % % % % 

Function 
a) applying routine mathematical procedures 15.7 8.8 3.8 12.3 10.7 0.0 7.2 4.0 0.0 
b) supervising or evaluating mathematical work 3.2 3.7 0.6 9.8 6.3 2.5 5.0 3.7 1.9 
c) advising non-mathematicians on math-related 

problems 4.4 3.7 2.5 6.1 8.5 1.3 0.. 6 9.2 6.4 
d) investigating unstructured problems 13.9 19.9 2.5 9.5 5.1 2.5 4.8 3.3 0.0 
e) doing basic or applied mathematical research 3.2 8.8 23.6 4.5 6.6 29.9 2.7 5.1 16.6 
f) writing mathematical papers, books or reports 1.1 2.6 3.2 2.6 9.2 6.4 2.6 5.5 7.6 
g) increasing specialized knowledge: reading, 

seminars, etc. 3.5 2.9 2.5 9.8 12.9 10.8 8.0 11. 8 14.6 
h) teaching mathematics at the post-graduate 

level 0.2 1.1 8.3 0.9 1.8 14.0 0.3 2.6 8.3 
i) teaching mathematics at college or under

graduate level 6.8 18.4 40.8 1.4 5.1 16.6 1.1 1.5 8.9 
j) other mathematical teaching 10.1 3. 7 1.3 1.8 2.2 1.3 1.1 0.7 0.6 
k) non-mathematical teaching 2.5 2.6 1.3 3.5 2.2 0.0 2. 7 1.5 0.6 
1) administration 5.4 2.9 1.9 7.1 7.7 5.1 5. 7 8.1 7.0 
m) other functions 17.2 10.7 1.9 6.9 6.3 1.3 5.4 4.0 0.6 
~'Jo Response 12.9 10.3 5.7 23.9 15.4 8.3 47.2 39.0 26.8 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

:~umber 938 272 157 938 272 157 938 272 157 

Some respondents reported only one principal activity. 
Source: Primary research by the authors. (Table 1, Question II.B) 
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Table II.B.2 - Percent of Non-Negative Responses To and Corresponding 
Median Value of the Percent Distribution of Working Time for the 
Various Function of Question II.B: All Clas1es Hathematical 

Sciences - Canadian Universities 

Percent non Hedian Percent 
Function negative response time spent 
Level of last highest degree: B.A. M.A. Ph.D. B.A. M.A. Ph.D. 

% % % % % % 
a. applying routine mathe

matical procedures 55.7 47.1 13.4 22.0 18.0 11.3 
supervising or evaluating 
mathematical work 33.3 34.6 37.6 10.2 10.4 9.0 

c. advising non-mathematicians 
on math-related problems 35.2 41.5 29.3 8.6 8.5 7.7 

d. investigating unstructured 
problems 38.9 40.1 12.7 19.0 19.5 10.3 

e. doing basic or applied 
mathematical research 17.1 31.3 79.0 11.4 15.3 19.9 

f. writing mathematical papers, 
books, or reports 16.1 34.2 66.2 10.3 10.9 9.9 

g. increasing specialized know
ledge: reading, seminars 45.1 58.5 67.5 9.6 10.0 11.8 

h. teaching mathematics at post
graduate level 2.1 9.9 45.2 15.0 16.7 17.8 

i. teaching mathematics at college 
or undergraduate level 8.0 29.0 73.2 44.0 41.4 34.1 

j . other mathematics teaching 18.0 15.4 7.6 57.8 37.5 32.0 
k. non-mathematics teaching 14.1 9.9 8.9 15.8 9.0 10.1 
1. administration 40.3 48.9 56.1 10.3 10.4 9.7 
m. other functions 51.3 43.0 17.8 39.2 24.1 8.3 

Number of respondents 938 272 157 

Source: Primary research by the authors. (Table 1, Question II.B) 
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Table II.A - Academic Qualifications Required in Current Job by 
Degree Level: All Classes - Mathemttical Sciences Canadian 

Universities 

Academic qualification required (I) According to (II) In your own 
your employer opinion 

Level of last highest degree: B.A. H.A. Ph.D. B.A. H.A. Ph.D. 
0/% % % /0 % % 

1.	 No degree required 
(technical training would 
suffice) 20.9 9.6 1.3 24.6 9.2 2.5 

2.	 Bachelor's degree required 
(a)	 in the Hathematical 

Sciences 31.9 21.7 1.9 33.8 25.7 1.3 
(b)	 not necessarily in the 

Mathematical Sciences 33.5 18.0 1.3 27.2 15.1 1.3 
3.	 Graduate degree required 

(a)	 in the Hathematical 
Sciences 7.1 40.0 82.2 8.0 39.7 84.1 

(b)	 not necessarily in the 
Mathematical Sciences 3.4 10.3 12.1 2.7 8.8 10.2 

4.	 No response 3.2 0.4 1.3 3.7 1.5 0.6 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number	 938 272 157 938 272 157 

Source: Primary research by the authors. (Table 1, Question II.A) 
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Table II.F.l - Satisfaction with the Work Environment by Drgree Level: 
All Classess - Mathematical Sciences - Canadian Universities 

Level of Last Highest Degree 

Aspect of job 

a.	 congenial colleagues 
b.	 good working conditions 
c.	 good salary 
d.	 job security 
e.	 promotion prospects 
f.	 novelty and variety of 

employment 
o· utilization of traininga 

h.	 personal satisfaction 
i.	 scope for individual 

initiative 
j .	 intellectual stimulation 
k.	 prestige inside peer group 
1.	 prestige outside peer 

group 
TIl. social welfare 

B.A.	 H.A. PhD 
(N-933) (~-272) (N-157) 

Mean* Hodal* l'lean '1~ Hodal* Hean* Hodal* 
Value Value Value 

64.9 
60.6 
56.6 
62.1 
52.6 

55.6 
51.3 
59.9 

60.2 
53.1 
52.5 

53.5 
53.2 

70 
60 
60 
70 
60 

60 
60 
60 

60 
60 
50 

60 
50 

63.4 
60.4 
57.3 
60.1 
50.5 

56.1 
52.1 
60.3 

62.0 
55.3 
54.2 

54.8 
53.1 

70 
70 
60 
70 
60 

60 
50 
60 

70 
60 
60 

60 
60 

59.6 
61.4 
58.2 
56.4 
50.2 

52.6 
61.5 
63.7 

63.9 
58.6 
55.0 

53.4 
51.2 

70 
70 
50 
70 
60 

50 
70 
70 

60 
60 
60 

60 
50 

* The mean value" and "modal value" represents a scale between 20 and 
From 20-40 represents "hardly at all", 41-60 represents "moderately", 
61-30, "to a high degree". 

30. 
and 

Source: Primary research by the authors. (Table 1, Question II.F) 
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Table II.F.2 - Detailed Distribution, Satisfaction Scores: AlllClasses, B.Sc. 
(Hon.) - Mathematical Sciences - Canadian Universities (~-933) 

Arbitrary Satisfaction 20 31 41 51 61 71 No res
Scale* 30 40 50 60 70 30 ponse 

Aspects of Job 
a. congenial colleagues 2.9 2.3 11.1 24.0 35.8 22.3 1.5 
b. good wor kLng conditions 5.0 7.5 15.0 27.3 27 .l~ 16.7 1.0 
c. good salary 8.2 9.9 23.4 25.0 21.1 11.3 1.1 
d. job security 8.6 6.1 11.3 20.5 24.6 27.7 1.2 
e. promotion prospects 19.2 10.9 18.1 21.2 17.6 11.7 1.2 
f. novelty and variety of 

employment 12.5 11.9 18.7 22.0 19.1 14. /] 1.4 
g. utilization of training 20.8 13.0 19.4 20.4 11.5 12.3 1.2 
h. personal satisfaction 6.3 7.7 14.4 2L~. 3 22.6 16.8 8.0 
i. scope for individual 

initiative 6.5 7.5 16.8 23.7 24.1 20.0 1.1 
j . intellectual stimulation 14.4 12.2 22.7 24.0 16.5 9.2 1.2 
k. prestige inside peer group 12.2 12.0 28.1 22.0 15.2 6.0 4.5 
1. prestige outside peer group 12.9 9.5 24.4 25.1 15.6 7.6 4.8 
ill. social usefulness 15.4 13.3 19.3 19.1 17.7 11.5 3.7 

*Scores 20-40 represent "hardly at all", 41-60 "moderatelY" and 61-80 "to a
 
high degree".
 

Source: Primary research by the authors. (Table 1, Question II.F)
 

Total - 100.
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Table II.F.3 - Detailed Distribution of Satisfaction Sc~res, 

- Mathematical Sciences - Canadian Universities (N-272) 

Arbitrary Satisfaction 20 31 41 51 61 71
Sca1e* 30 40 50 60 70 80 

Percentage Distribution 

Aspects of Job 
a.	 congenial colleagues 3.3 5.3 14.0 21.0 34.5 20.2 
b.	 good working conditions 5.5 8.1 15.1 23.9 29.9 16.0 1.5 
c.	 good salary 8.1 6.6 24.0 26.4 22.8 11.3 1.1 
d.	 job security 11. !f 5.5 13.6 19.9 25.4 23.2 1.1 
e.	 promotion prospects 22.4 12.8 16.9 18.0 18.8 8.5 2.6 
f.	 novelty and variety of 

employment 11.3 11.0 17.3 25.0 18.0 14.7 2.6 
a utilization of trainiug 18.4 13.2 21.7 18.7 14.7 12.2 1.1o' 
h.	 personal satisfaction 4.4 7.0 14.3 26.4 23.5 16.1 8.1 
i.	 scope for individual 

initiative 6.7 5.9 11.8 21.4 29.4 23.2 1.8 
j .	 intellectual stimulation 11.8 10.3 20.3 26.5 16.1 12.5 2.6 
k.	 prestige inside peer group 9.2 16.2 19.8 24.3 15.8 9.9 4.8 
1. prestige outside peer group 9.6 10.3 22. !f 27.2 17.3 7.7 5.5 
lTI.. social usefulness 15.2 12.1 20.3 22.5 15.1 11.0 4.0 

All Classes, M.A. 

1.8 

No res
ponse 

;~Scores 20-40 represent "hardly at all", 41-60 "moderately" and 61-80 "to a
 
high degree".
 

Source: Primary research by the authors. (Table 1, Question II.F)
 

Total - 100
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Table II.F.4 - Detailed Distribution of Satisfaction Sc~res: All Classes, PhD 
- Hathematical Sciences - Canadian Universities G~-157) 

Arbitrary Satisfaction 20 31 41 51 61 71 No res
Scale* 30 40 50 60 70 80 ponse 

Percentage Distribution 

Aspects of Job 
a. congenial colleagues 6.4 4.5 25.5 19.1 26.8 14.6 3.2 
b. good working conditions 3.8 7.6 16.5 20.3 36.9 12.7 1.9 
c. good salary 4.5 7.0 30.0 21.6 22.9 12.1 1.9 
d. job security 16.6 9.5 12.1 17.2 21.6 20.3 2.5 
e. promotion prospects 22.7 10.2 19.8 24.2 12.8 7.6 3.8 
f. novelty and variety of 

employment 16.5 8.3 27.4 20.4 14.0 10.2 3.2 
g. utilization of training 7.0 4.5 20.4 15.2 24.8 24.8 2.5 
h. personal satisfaction 1.9 6.3 12.1 19.1 29.3 21.0 10.2 
i. scope for individual 

initiative 3.8 3.8 13.4 24.2 14.2 27.3 3.2 
j . intellectual stimulation 8.3 10.8 15.9 24.9 17.1 20.4 2.5 
k. prestige inside peer group 10.9 16.8 15.2 29.3 18.5 6.4 8.9 
1. prestige outside peer group 9.5 15.3 18.4 30.0 12.1 7.0 7.6 
m. social usefulness 13.4 14.0 24.9 19.8 lll-.7 4.5 8.9 

*Scores 20-40 represent "hardly at all", 41-60 "moderately" and 61-80 "to a
 
high degree".
 

Source: Primary research by the authors. (Table 1, Question II.F)
 

Total - 100
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APPENDIX I 1 
Table II.G.1 - Opinions of High School rlathematics Subject Areas by Provfnce of High School: .A11 
Classes, B.Sc. (Ho~.) - }~thematica1 Sciences and Canadian Universities 

High School Algebra 

Provinces: Ha r Ltimes guebec Ontario Hanitoba Saskatchewan Alberta B.C. 

Degree of 8nphasis % % % % % % % 
Placed on this subdect area: 

About Right 75.2 80.9 82.6 82.1 85.9 80.3 81.5 
Too Much 5.1 5.1 2.2 1.5 0.0 5.3 6.2 
Too Little 17.9 13.4 13.2 14.9 12.7 13.2 10.8 
No Opinion 1.7 0.6 2.0 1.5 1.1+ 1.3 1.5 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Number of Respondents 117 157 598 67 71 76 65 

High School Geometry 

Provinces Haritimes guebec Ontario Hanitoba Saskatchewan Alberta B.C. 

01 OJ Of OJ
/0Degree of Emphasis % (0 /0 % % /0 

Placed on this subdect area: 

About Right 71.8 74.5 73.3 70.3 81.9 68.4 63.0 
Too l1uch 13.7 11.5 11.6 1 tt.9 6.9 11.4 18.5 
Too Little 12.8 12.7 12.7 12.2 9.7 20.3 14.8 
i~o Opinion 1.7 1.3 2.5 2.7 1.4 0.0 3.7 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Number of Respondents 117 157 606 74 72 79 54 

N 
I-' 
..p... 

1 The Maritime Provinces were grouped due to insufficient Provincial response. 

Source: Primary Research by the authors. (Table 1, Question II.G) 

ens: 
('):t> 
m ..... 
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) 

Trigonometry 

Provinces: Haritimes guebec Ontario Manitoba Saskatchewan Alberta B.C. 

Degree of Emphasis 0/
/0 % [>< 

/0 % ('f 

10 % o« 
10 

placed on this subject area: 

About Right 65.8 73.1 76.4 71.6 77.5 72.4 67.7 
Too Huch 6.0 8.3 7.4 !.~. 5 2.8 1.3 9.2 
Too Little 25.6 16.0 13.5 20.9 15.5 23.7 18.5 
No Opinion 2.6 2.6 2.7 3.0 4.2 2.6 4.6 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Number of Respondents 117 156 598 67 71 76 65 

Zlementary Set Theory 

Provinces: Maritimes .Quebec Ontario Hanitoba Saskatchewan Alberta B.C. 

C'"1 

/0 % % 07 
10 

07 
/0 % 07 

10 

Degree of Emphasis 
placed on this subject area: 

28.2 38.6 48.3 39.7 47.1 47.3 43.3 
Too l1uch 3.4 5.2 3.2 5.9 2.9 2.7 4.5 
Too Little 63.2 50.3 35.9 44.1 48.6 47.3 47.8 
Ho Opinion 5.1 5.9 7.0 10.3 1.4 2.7 4.5 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Numbe r of Respondents 117 153 596 68 70 74 67 

N 
I-'
 
V1
 

., 
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APPENDIX I 
Table II.G.2 ~ (i) Opinions of University Mathematics Subject Areas, and 
(ii) Opinions of the Importance of this Education in Jobs: lAll Classes, 
B.Sc. (Hon.) - Mathematical Sciences - Canadian Universities 

(i) 
About Right 
Too Much 
Too Little 
No Opinion 
Total 

Point Set 
Topology 

% 
46.6 
6.0 

36.7 
10.7 

100.0 

1. Finite Mathemtics 
Algebraic 
Topology 

% 
39.2 
2.3 

31.5 
26.9 

100.0 

Manifold 
Topology 

% 
42.8 

3.5 
37.1 
16.7 

100.0 

Number of Respondents 1,147 1,117 1,128 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
Total 

70 
14.5 
29.8 
24.9 
30.7 

100.0 

% 
6.9 

25.1 
23.5 
44.5 

100.0 

% 
13.4 
30.5 
23.0 
33.0 

,100.0 

Number of Respondents 999 956 982 

2. University Algebra 
Linear & Dynamic Variational Control 

(i) Programming Principles Theory 
/~ % % 

About Right 53.7 68.9 47.3 
Too l1uch 10.7 11. 9 7.1 
Too Little 22.4 16.1 27.8 
No Opinion 13.2 3.1 17.8 
Total 100.0 100.0 100.0 

Jumber of Respondents 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
Total 

1,155 

% 
5.1 

18.6 
28.7 
47.5 

100.0 

1,177 

% 
14.7 
27.0 
24.8 
33.5 

100.0 

1,128 

% 
10.0 
22.0 
23.2 
44.8 

100.0 

Number of Respondents 999 1,018 980 

(i) Degree of emphasis placed on this subject area 
(ii) Importance of this subject area in your job
 
Source: Primary research by the authors. (Table 1, Question II.G)
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3. University Geometry 
Point Set Algebraic Manifold 
Topology Topology Topology 

(i) 
About Right 
Too Much 

% 
37.2 
5.6 

% 
32.0 
5.8 

% 
30.7 
5.6 

Too Little 24.7 25.4 24.6 
No Opinion 32.5 36.8 39.2 

Number of Respondents 1,065 1,053 1,057 

(ii) 
Great Importance 4.4 2.9 2.0 
Moderate Importance 11.2 6.2 6.6 
Little Importance 21.1 20.4 20.4 
No Importance 63.3 70.5 70.9 

Number of Respondents 9166 906 911 

4. Analysis 
Linear & Dynamic Variational Control 
Programming Principles Theory 

(i) % % % 
About Right 83.9 72.4 60.0 
Too Much 5.5 11. 7 6.7 
Too Little 9.1 11.0 27.2 
No Opinion 1.5 4.9 6.1 

Number of Respondents 1,193 1,171 1.156 

(ii) 
Great Importance 19.5 10.4 7.0 
Hoderate Importance 26.6 19.2 18.0 
Lit tle Importance 22.6 24.5 24.9 
Uo Importance 31. 3 45.9 50.1 

Number of Respondents 1,036 1,010 999 
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(i) 
About Right 
Too Much 
Too Little 
No Opinion 
Total 

Point Set 
Topology 

% 
31. 9 

6.4 
17.3 
44.5 

100.0 

5. Topology 
Algebraic 
Topology 

70 
24.5 
6.3 

20.0 
49.2 

100.0 

Hanifo1d 
Topology 

% 
16.0 

4.1 
19.6 
60.3 

100.0 

;.Jumber of Respondents 1,019 997 979 

(ii) 
Great Importance 
Hoderate Importance 
Little Importance 
~Jo Importance 
Total 

4.0 
7.7 

12.2 
76.1 

100.0 

2.5 
5.2 

12.1 
80.2 

100.0 

2.6 
2.9 

11.4 
83.1 

100.0 

Number of Respondents 870 850 834 

----~. 

(i) 

About Right 
Too Much 
Too Little 
No Opinion 
Total 

6. 
Linear & Dynamic 
Programming 

% 
31. 3 
1.3 

39.4 
27.9 

100.0 

Optimization 
Variational 
Principles 

70 
17.2 
1.0 

32.0 
49.7 

100.0 

Control 
Theory 

% 
15.0 

0.9 
35.4 
48.7 

100.0 

Number of Respondents 1,045 977 983 

(ii) 
Great Importance 11.2 6.0 5.7 
Moderate Importance 24.7 14.2 16.7 
Little Importance 20.5 15.3 15.6 
No Importance 43.6 64.4 62.0 
Total 100.0 100.0 100.0 

Number of Respondents 908 829 839 
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( I ) 
About Right 
Too Huch 
Too Little 
No Opinion 
Total 

Computer 
Programming 

% 
54.7 
5.8 

33.7 
5.7 

100.0 

7. Computer Science 
Simulation 
Techniques 

% 
24.9 
1.9 

53.0 
20.2 

100.0 

Systems 
Analysis 

% 
18.2 
1.9 

60.8 
19.1 

100.0 

Number of Respondents 1,166 1,099 1,100 

(ii) 
Great Importance 50.0 24.6 39.0 
Moderate Importance 22.7 26.9 21. 5 
Little Importance 10.5 17.0 11. 2 
~~o Importance 16.8 31. 5 28.2 
Total 100.0 100.0 100.0 

.Jumber of Respondents 1,025 955 961 

8. Probability and Statistics 
L1ementary Other Stochastic Queuing Probability 

(i) Statistics Stat. Processes Theory Theory 
% % % % 70 

About Right 64.2 46.1 30.3 30.2 59.2 
Too Huch 2.5 1.9 2.5 2.2 4.0 
Too Little 28.9 28.8 30.2 33.2 25.6 
.~o Opinion 4.4 23.1 37.0 34.5 11.1 
Total 100.0 100.0 100.0 100.0 100.0 

Numb e r of Respondents 1,171 1,034 1,012 1,021 1,104 

(ii) 
Great Importance 25.4 17.1 8.3 8.0 16.2 
Hoderate Importance 36.3 26.1 19.6 20.1 31. 8 
Little Importance 20.3 19.4 18.6 19.9 20.5 
No Importance 18.0 37.4 53.5 52.0 31. 4 
Total 100.0 100.0 100.0 100.0 100.0 

Number of Respondents 1,030 896 866 879 949 
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(i) 
About Right 
Too Much 
Too Little 
No Opinion 
Total 

Actuarial 
Science 

% 
24.8 
2.5 

26.4 
46.3 

100.0 

9. Applications 
Operations 
Research 

% 
28.5 
1.3 

39.9 
30.2 

100.0 

of Hathematics 
Mathematical 
Physics 

% 
35.3 
5.8 

19.3 
39.6 

100.0 

Number of Respondents 953 979 958 

(ii) 
Great Importance 
Hoderate Importance 
Little Importance 
No Importance 
Total 

14.0 
11. 0 
12.6 
62.3 

100.0 

12.9 
24.4 
17.9 
44.8 

100.0 

5.6 
11. 6 
14.4 
68.5 

100.0 

Number of Respondents 815 853 822 
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Table II.G.3 - (i) Opinions of University Mathematics Subject Areas and 
(ii) Opinions of the Importance of this ~ducation in Jobs: Classes of 
1960/65,	 1970, 1971, 1972 and 1973, B.Sc. (Hon.i - Mathematical Sciences 

Canadian Universities 

1. Finite Mathematics - a) Numerical Analysis 
Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 44.7 43.4 46.9 43.6 51. 7 46.6 
Too Much 4.9 5.7 5.3 6.5 6.7 6.0 
Too Little 41. 7 36.3 36. 7 38.3 33.3 36.7 
~1J0 Opinion 8.7 14.6 11.1 11. 0 8.3 10.7 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

.lumber of respondents 

(ii) 
Great Importance 
lfuderate Importance 
Little Importance 
iJo Importance 
TOTAL 

103 

18.9 
31. 6 
23.0 
24.0 

100.0 

212 

15.4 
28.7 
20.5 
35.4 

100.0 

226 

13.7 
26.8 
31. 2 
28.3 

100.0 

291 

12.2 
31. 7 
23.6 
32.5 

100.0 

315 

15.1 
30.6 
24.8 
29.5 

100.0 

1,147 

14.5 
29.8 
24.9 
30.7 

100.0 

Number of respondents 95 195 205 246 258 999 

(i) Degree of emphasis placed on this subject area 
(ii) Importance of this subject area in your job
 

Source: Primary research by the authors. (Table 1, Question II.G)
 

1. Finite Mathematics - b) Combinaterics 
YQar of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 31. 7 41. 5 38.9 1+1. 4 38.4 39.2 
Too Much 5.9 2.9 1.9 1.8 1.6 2.3 
Too Little 36.6 29.8 29.6 33.0 31. 0 31. 5 
i~o Opinion 25.7 25.9 29.6 23.9 29.0 26.9 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

.~umber of respondents 

(ii) 
Great I3portance 
Moderate Importance 
Little Importance 
Jo Importance 
TOTAL 

101 

9.8 
30.4 
21. 7 
38.1 

100.0 

205 

5.4 
23.3 
22.2 
48.6 

100.0 

216 

7.3 
25.5 
22.9 
44.3 

100.0 

285 

8.8 
22.7 
23.9 
44.5 

100.0 

310 

If.S 

26.1 
25.3 
43.3 

100.0 

1,117 

6.9 
25.1 
23.5 
44.5 

100.0 

Number of respondQnts 92 135 192 238 249 956 
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1. Finite Mathematics - c) Graphs and Networks 
Year	 of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 34.0 43.1 41. 2 43.9 45.5 42.8 
Too Nuch 6.0 2.9 5.0 2.4 2.9 3.5 
Too Little 42.0 36.3 35.3 39.8 34.7 37.1 
'~o Opinion 18.0 17.6 18.6 13.8 16.9 16.7 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 100 204 221 289 314 1,128 

(ii) 
Great Importance 16.0 15.5 13.9 13.7 10.3 13.4 
Hoderate Importance 29.8 25.1 31. !3 31. 0 33.3 30.5 
Little Importance 28.7 22.5 20.4 22.6 23.8 23.0 
,~o Importance 25.5 36.9 33.8 32.7 32.5 33.0 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 
----_._-_.,_.__.__._.._~.,---,._-" 

Nurnb e r of respondents 94 187 201 248 252 982 

2. University Algebra - a) Numb e r Theory 
Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 

07	 07 
10 % % 10 % % 

(i) 
About Right 57.0 55.5 58.1 52.5 49.7 53.7 
Too Huch 7.0 10.5 1l.S 9.4 12.8 10. 7 
Too Little 29.0 16.3 17.2 27 .1+ 23.4 22.4 
~Jo Opinion 7.0 17.7 13.2 1l.0 14.1 13.2 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 100 209 227 299 320 1,155 

(ii) 
Great Importance 6.3 6.3 4.4 5.9 3.5 5.1 
~loderate Importance 27.4 21.1 17.2 19.3 14.0 18.6 
Li t t1e Importance 30.5 26.3 30.0 25.2 32.3 28.7 
Jo Importance 35.8 46.3 48.3 49.6 50.2 47.5 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 95 190 203 25/ 1 257 999 
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2. Finite Mathematics - b) Linear Algebra 
Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 77.5 65.9 70.8 70.3 65.5 68.9 
Too Huch 4.9 12.3 9.4 12.2 15.2 11. 9 
Too Little 16.7 16.6 14.6 15.8 16.8 16.1 
No Opinion 1.0 5.2 5.2 1.7 2.4 3.1 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 

(ii) 
Great Importance 
Hodar a t;e Importance 
Little Importance 
:Jo Importance 
TOTAL 

102 

28.7 
38.3 
16.0 
17.0 

100.0 

211 

15.1 
26.0 
24.0 
34.9 

100.0 

233 

14.8 
26.8 
26.8 
31. 6 

100.0 

303 

9.3 
26.7 
26.7 
37.2 

100.0 

328 

14.7 
24.2 
24.9 
36.2 

100.0 

1,177 

14.7 
27.0 
24.8 
33.5 

100.0 

Number of respondents 94 192 209 258 265 1,018 

2. Finite Mathematics - c) Boolean Algebra 
Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 46.4 50.5 44.1 49.0 46.0 47.3 
Too Much 4.1 7.9 9.0 6.5 6.7 7.1 
Too Little 30.9 22.3 26.6 28.4 30.3 27.8 
No Opinion 18.6 19.3 20.3 16.1 16.5 17.8 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 

(ii ) 
Great Importance 
Hoderate Importance 
Little Importance 
No Importance 
TOTAL 

97 

10.9 
26.1 
25.1 
35.9 

100.0 

202 

6.6 
25.7 
21. 9 
45.9 

100.0 

222 

9.1 
16. 7 
28.3 
46.0 

100.0 

292 

11. 2 
18.5 
20.1 
50.2 

100.0 

315 

11. 6 
25.6 
21. 7 
41.1 

100.0 

1,123 

10.0 
22.0 
23.2 
44.8 

100.0 

Number of respondents 92 183 198 249 258 980 
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3. University Geometry ~ a) Solid Geometry 
Year	 of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 40.4 46.4 35.0 38.6 30.2 37.2 
Too Euch 15.2 2.1 7.9 4.9 3.8 5.6 
Too Little 25.3 19.1 24.3 25.8 27.5 24. 7 
]0 Opinion 19.2 32.5 32.7 30. 7 38.5 32.5 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 

(ii) 
Great Importance 
aoderate Importance 
Little Importance 
:~o Importance 
TOTAL 

99 

9.8 
15.2 
30.4 
!}4.6 

100.0 

194 

5.6 
10.2 
19.8 
64.4 

100.0 

214 

2.6 
14.3 
22.2 
60.3 

100.0 

267 

3.5 
10.6 
19.5 
66.4 

100.0 

291 

3.4 
8.6 

19.0 
69.0 

100.0 

1,065 

4.4 
11. 2 
21.1 
63.3 

100.0 

]umber of respondents 92 177 189 226 232 916 

3. University Geometry - b) Differential Geometry 
Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 35.1 38.5 25.4 35.1 28.6 32.0 
Too Much 9.3 2.1 8.6 6.0 4.8 5.8 
Too Little 27.8 21. 9 27.3 24.9 25.9 25.4 
No Opinion 27.8 37.5 38.8 34.0 40.7 36.8 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 

(ii) 
Great Importance 
110derate Importance 
Little Importance 
No Importance 
TOTAL 

97 

2.2 
6.5 

33. 7 
57.6 

100.0 

192 

2.9 
7.5 

19.0 
70. 7 

100.0 

209 

2.2 
5.4 

24.9 
67.6 

100.0 

265 

3.1 
5.8 

17.4 
73.7 

100.0 

290 

3.5 
6.1 

15.6 
74.9 

100.0 

1,053 

2.9 
6.2 

20.4 
70.5 

100.0 

~umber of respondents 92 174 185 224 231 906 
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3. University Geometry - c) Projective Geometry 
Year	 of Graduation: 1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 38.8 32.3 25.0 32.8 28.9 30.7 
Too Much 10.2 3.6 8.0 5.6 3.5 5.6 
Too Little 24.5 26.0 23.6 24.6 24.4 24.6 
No Opinion 26.5 38.0 43.4 36.9 43.2 39.2 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 98 192 212 268 287 1,057 

(ii) 
Great Importance 3.2 2.3 1.6 1.8 1.7 2.0 
110derate Importance 10.8 8.6 5.3 5.8 5.2 6.6 
Little Importance 30.1 18.4 22.8 17.3 19.2 20.4 
No Importance 55.9 70. 7 70.4 75.2 73.8 70.9 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 93 174 189 226 229 911 

4. Analysis - a) Elementary Calculus 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 91.4 86.6 83.4 80.9 32.9 83.9 
Too Much 3.8 3.7 5.5 6.5 6.4 5.5 
Too Little 3.8 7.9 10.6 10.7 8.8 9.1 
No Opinion 1.0 1.9 0.4 1.9 1.8 1.5 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 105 216 235 309 328 1,193 

(ii) 
Great Importance 34.4 19.7 15.6 18.0 18.6 19.5 
Hoderate Importance 28.1 26.8 30.2 23.7 26.1 26.6 
Little Importance 26.0 24.2 23.6 20.3 21.6 22.6 
No Importance 11.5 29.3 30.7 38.0 33.7 31. 3 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 96 198 212 266 264 1,036 
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4. Analysis - b) Advanced Calculus 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

( i) 
About Right 82.7 76.0 69.4 74.6 67.6 72.4 
Too Huch 6.7 11.1 12.9 3.9 15.4 11. 7 
Too Little 9.6 9.1 12.9 9.6 12.7 11.0 
No Opinion 2.9 3.3 4.7 6.9 4.3 4.9 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 104 208 232 303 324 1,171 

(ii) 
Great Importance 18.1 1l.5 7.7 7.4 12.0 10.4 
l'Ioderate Importance 29.8 16.8 22.5 15.6 18.1 19.2 
Little Importance 28.7 27.7 25.4 20.6 23.6 24.5 
No Importance 23.4 44.0 44.5 56.4 46.3 45.9 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

~~umber of respondents 94 191 209 257 259 1,010 

4. Analysis - c) Differential Equations 
1960/65 1970 1971 1972 1973 ALL 

% % % /0 I: % 

( i) 
About Right 71.4 62.7 62.8 59.7 52.8 60.0 
Too Nuch 3.8 6.7 8.8 6.0 6.6 6.7 
Too Little 22.9 27.3 22.6 27.2 32.1 27.2 
No Opinion 1.9 3.3 5.8 7.0 8.5 6.1 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 105 209 226 298 318 1,156 

(ii) 
Great Importance 9.6 8.9 5.4 5.8 7.1 7.0 
Moderate Importance 27.7 16.8 20.2 14.0 17.7 18.0 
Little Importance 31. 9 26.2 24.6 23.3 23.2 24.9 
l~o Importance 30.9 48.2 49.8 56.8 52.0 50.1 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

l~umber of respondents 94 191 203 257 254 999 

liii),· .• .•·.,"·····,,,I..
IlWi..Ltl 
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(i) 
About Right 
Too Much 
Too Little 
1'1"0 Opinion 
TOTAL 

Number of respondents 

5. Topology -
1960/65 1970 

% % 

35.5 38.7 
9.7 7.3 

29.0 14.7 
28.0 39.3 

100.0 100.0 

93 191 

a) Point Set Topology 
1971 1972 1973 ALL 

% % % % 

33.3 30.6 26.2 31. 9 
5.1 6.6 6.1 6.4 

14.1 17.8 16.8 17.3 
47.5 45.0 50.9 44.5 

100.0 100.0 100.0 100.0 

198 258 279 1,019 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
TOTAL 

Number of respondents 

(i) 
About Right 
Too Much 
Too Little 
No Opinion 
'-"0TAL 

Nurnbe r of respondents 

6.9 3.6 
17.2 9.5 
18.4 12.5 
57.5 74. !} 

100.0 100.0 

87 168 

5. Topology -
1960/65 1970 

% % 

25.0 29.3 
8.7 7.4 

31. 5 19.1 
34.8 44.1 

100.0 100.0 

92 188 

3.9 4.6 2.7 
5.0 5.6 6.8 

14.0 11.1 9.1 
77 .1 78.7 81.4 

100.0 100.0 100.0 

179 216 220 

b) Algebraic Topology 
1971 1972 1973 

% % % 

24.2 25.3 20.4 
4.1 5.6 6.9 

16.5 18.5 20.4 
55.2 50.6 52.2 

100.0 100.0 100.0 

194 249 274 

4.0 
7.7 

12.2 
76.1 

100.0 

870 

ALL 
% 

24.5 
6.3 

20.0 
49.2 

100.0 

997 

(ii) 
Great Importance 
l~derate Importance 
Little Importance 
No Importance 
TOTAL 

Number of respondents 

1.2 
9.4 

23.5 
65.9 

100.0 

85 

1.2 
6.6 

12.7 
79.5 

100.0 

166 

2.9 
2.9 

13.1 
31.1 

100.0 

175 

3.8 
4.8 

11.0 
80.5 

100.0 

210 

2.3 
4.7 
7.5 

85.5 
100.0 

214 

2.5 
5.2 

12.1 
80.2 

100.0 

850 
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(i) 
About Right 
Too l1uch 
Too Little 
No Opinion 
TOTAL 

~umber of respondents 

6. Topology -
1960/65 1970 

%10 

12.5 20.2 
4.5 3.8 

35.2 18.0 
47.7 57.9 

100.0 100.0 

88 183 

c) Hanifo1d Theory 
1971 1972 1973 

/~ % '" 10 

13.7 16.3 15.8 
4.2 4.1 4.0 

15.8 19.6 18.3 
66.3 60.0 61.9 

100.0 100.0 100.0 

190 245 273 

ALL 
% 

16.0 
4.1 

19.6 
60.3 

100.0 

979 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
;~o Importance 
TOTAL 

Jumber of respondents 

(i) 
About Right 
Too l1uch 
Too Little 
No Opinion 
TOTAL 

Numb er of respondents 

7. 

1.2 1.8 
2.5 6.1 

22.2 11. 0 
74.1 81. 0 

100.0 100.0 

81 163 

Optimization - a) 
1960/65 1970 

% % 

12.8 30.1 
1.1 1.1 

57. I. 35.5 
28.7 33.3 

100.0 100.0 

94 186 

1.8 
1.8 

12.9 
83.5 

100.0 

170 

Linear & 

1971 
70 

31. 2 
1.5 

38.5 
28.8 

100.0 

205 

3.9 3.3 2.6 
1.0 3.3 2.9 

10.2 7.5 11.4 
85.0 86.0 83.1 

100.0 100.0 100.0 

206 214 834 

Dynamic Progranuning 
1972 1973 ALL 

% % % 

33.7 35.9 31. 3 
1.9 1.0 1.3 

39.6 36.6 39.4 
24.8 26.6 27.9 

100.0 100.0 100.0 

270 290 1,045 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
~Jo Importance 
TOTAL 

Jumber of respondents 

15.7 
27.0 
21. 3 
36.0 

100.0 

89 

8.7 
23.8 
15.1 
52.3 

100.0 

172 

9.7 
25.9 
23.8 
40.5 

100.0 

185 

1l.5 
23.5 
20.5 
44.4 

100.0 

234 

12.3 
2/+.6 
21. 5 
41. 7 

100.0 

228 

11. 2 
24.7 
20.5 
43.6 

100.0 

908 

228 



7. Optimization - b) Variational Principles 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 11. 4 20.0 14.7 19.0 17.4 17.2 
Too Huch 2.3 1.1 1.0 0.3 0.7 1.0 
Too Little 45.5 32.6 29.8 29.1 31. 5 32.0 
No Opinion 40.9 46.3 54.5 51. 0 50.4 49.7 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 88 175 191 247 276 977 

(ii) 
Great Importance 10.7 4.1+ 5.9 4.8 6.7 6.0 
Hoderate Importance 17.9 14.6 12.4 13.4 14.8 14.2 
Little Importance 17.9 11. 4 16.6 16.3 15.3 15.3 
No Importance 53.6 69.6 65.1 65.6 63.2 64.4 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

.~umber of respondents 84 158 169 209 209 329 

7. Optimization - c) Control Theory 
1960/65 1970 1971 1972 1973 ALL 

% % % /0 % %'" 

(i) 
About Right 11.4 16.5 10.5 17.9 15.5 15.0 
Too Huch 1.1 1.1 1.0 0.4 1.1 0.9 
Too Little 43.9 36.4 33.5 32.7 34.3 35.4 
:~o Opinion 38.6 46.0 55.0 49.0 1+9.1 48.7 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 88 176 191 251 277 983 

(ii) 
Great Importance 3.2 3.8 4.8 5.6 7.1 5.7 
Hoderate Importance 18.8 13.1 13.1 17.2 20.9 16.7 
Little Importance 21. 2 15.0 17.3 15.3 12.8 15.6 
.'1"0 Importance 51. 8 63.1 64.9 61.9 59.2 62.0 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 85 160 168 215 211 339 

•
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8. Computer 
1960/65 

% 

Science 
1970 

% 

- c) Computer Programming 
1971 1972 1973 ALL 

% % % % 

(i) 
About Right 
Too Much 
Too Little 
l~O Opinion 
TOTAL 

23.8 
3.0 

65.3 
7.9 

100.0 

50.5 
5.6 

35.5 
8.4 

100.0 

50.2 
5.3 

38.3 
6.2 

100.0 

61. 3 
5.7 

28.3 
4. 7 

100.0 

64.2 
7.4 

24.4 
4.0 

100.0 

54.7 
5.8 

33.7 
5.7 

100.0 

~umber of respondents 101 214 227 300 324 1,166 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
TOTAL 

37.9 
32.6 
15.8 
13.7 

100.0 

47.3 
24.9 
11. 9 
15.9 

100.0 

48.1 
25.2 
8.7 

18.0 
100.0 

49.2 
17.9 
13.7 
19.1 

100.0 

58.6 
20.3 
5.7 

15.3 
100.0 

50.0 
22.7 
10.5 
16.8 

100.0 

Jumber of respondents 95 201 206 262 261 1,025 

8. Computer 
1960/65 

% 

Science 
1970 

% 

- c) Simulation Technique 
1971 1972 1973 ALL 

% % % % 

(i) 
About Right 
Too Much 
Too Little 
~~o Opinion 
TOTAL 

14.1 
0.0 

66.0 
19.2 

100.0 

23.7 
2.1 

51. 0 
23.2 

100.0 

21. 7 
1.8 

55.3 
21. 2 

100.0 

28.9 
1.7 

53.7 
15.7 

100.0 

27.8 
2.6 

47.4 
22.2 

100.0 

24.9 
1.9 

53.0 
20.2 

100.0 

l~wnber of respondents 99 194 217 287 302 1,099 

(ii) 
Great Importance 
Hoderate Importance 
Little Importance 
:-~o Ir.1portance 
TOTAL 

32.3 
25.8 
14.0 
23.0 

100.0 

23.6 
27.5 
12.6 
36.3 

100.0 

22.4 
28.1 
19.8 
29.7 

100.0 

23.0 
24.6 
18.3 
34.1 

100.0 

25.8 
28.4 
17 .8 
28.0 

100.0 

24.6 
26.9 
17.0 
31. 5 

100.0 

iJumber of respondents 93 182 192 252 236 955 
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8. Computer Science - c) Systems Analysis 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 10.0 14.0 15.8 18.7 24.7 18.2 
Too Huch 0.0 2.6 0.9 1.4 3.2 1.9 
Too Little 71.0 59.6 62.8 65.1 52.9 60.8 
1'10 Opinion 19.0 23.8 20.5 14.8 19.2 19.1 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 100 193 215 284 308 1,100 

(ii) 
Great Importance 39.4 40.1 38.7 36.5 40.8 39.0 
Moderate Importance 22.3 21.4 1<3.8 20.5 24.5 21. 5 
Little Importance 14.9 6.0 12.6 11.2 12.7 11. 2 
:No Importance 23.4 32.4 29.8 31. 7 22.0 23.2 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 94 182 191 249 245 961 

9. Probability and Statistics - a) Elementary Statistics 
1960/65	 1970 1971 1972 1973 ALL 

% % % % z z 

(i) 
About Right 58.7 67.8 63.5 60.6 67.6 64.2 
Too [.fuch 1.0 1.9 2.1 2.0 4.0 2.5 
Too Little 35.6 26.0 30.0 33.4 23.8 28.9 
~.Jo Opinion 4.8 4.3 4.3 4.0 4.6 4.4 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 104 208 233 302 324 1,171 

(ii) 
Great Importance 32.0 24.0 28.0 25.1 22.4 25.4 
t'ioderate Importance 39.2 37.2 34.1 36.5 36.1 36.3 
Little Importance 16.5 22.4 19.0 19.0 22.4 20.3 
"~o Importance 12.4 16.3 19.0 19.4 19.0 18.0 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

~umber of respondents 97 196 211 263 263 1,030 
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9. Probabili ty 
1960/65 

% 

and Statistics 
1970 1971 

% % 

- b) Other Statistics 
1972 1973 ALL 

% % % 

(i) 
About Right 
Too Huch 
Too Little 
i.~o Opinion 
TOTAL 

46.2 
1.1 

35.5 
17.2 

100.0 

47.0 
1.1 

28.6 
23.2 

100.0 

48.0 
2.5 

26.0 
23.5 

100.0 

41.1 
1.5 

33.7 
23.7 

100.0 

49.0 
2.8 

24.1 
24.1 

100.0 

46.1 
1.9 

28.8 
23.1 

100.0 

Numbe r of respondents 93 185 200 270 286 1,034 

(ii) 
Great Importance 
110derate Importance 
Little Impor t anc e 
No Importance 
TOTAL 

23.0 
27.6 
21. 8 
27.6 

100.0 

16.2 
24.3 
19.1 
40.5 

100.0 

18.0 
26.4 
16.3 
39.3 

100.0 

17.7 
25.4 
20.3 
36.6 

100.0 

14.2 
27.4 
20.4 
38.1 

100.0 

17.1 
26.1 
19.4 
37.4 

100.0 

Nurnbe r of respondents 87 173 173 232 226 896 

9. Probability and 
1960/65 

% 

Statistics - c) 
1970 1971 

% % 

Stochastic ?rocesses 
1972 1973 ALL 

% % % 

(i) 
About Right 
Too Much 
Too Little 
ao Opinion 
TOTAL 

32.3 
2.2 

43.0 
22.6 

100.0 

27.5 
2.2 

29.8 
40.4 

100.0 

29.8 
3.5 

26.3 
1+0.4 

100.0 

34.2 
0.4 

30.1 
35.3 

100.0 

23.2 
4.0 

29.2 
38.6 

100.0 

30.3 
2.5 

30.2 
37.0 

100.0 

Number of respondents 93 178 198 266 277 1,012 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
~~o Importance 
TOTAL 

10.3 
29.9 
19.5 
40.2 

100.0 

11. 6 
14.0 
12.3 
61. 6 

100.0 

6.3 
19.0 
19.5 
55.2 

100.0 

6.2 
18.6 
19.0 
56.2 

100.0 

3.8 
21. 4 
21. 4 
48.4 

100.0 

8.3 
19.6 
18.6 
53.5 

100.0 

Number of respondents 87 164 174 226 215 366 
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9. Probability and 
1960/65 

% 

Statistics - d) 
1970 1971 

% % 

Queuing Theory 
1972 1973 

% % 
ALL 

% 

(i) 
About Right 
Too Much 
Too Little 
,;0 Opinion 
TOTAL 

25.0 
2.2 

47.8 
25.0 

100.0 

30.6 
2.2 

27.2 
40.0 

100.0 

28.9 
3.0 

31. 0 
37.1 

100.0 

34.1 
1.1 

32.6 
32.2 

100.0 

28.7 
2.5 

34.4 
34.4 

100.0 

30.2 
2.2 

33.2 
34.5 

100.0 

~umber of respondents 92 180 197 270 282 1,021 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
i10 Importance 
TOTAL 

9.3 
25.6 
25.6 
39.5 

100.0 

6.5 
18.5 
13.1 
61. 9 

100.0 

9.1 
18.3 
20.0 
52.6 

100.0 

7.0 
17.5 
19.7 
55.7 

100.0 

3.6 
23.4 
23.0 
45.0 

100.0 

8.0 
20.1 
19.9 
52.0 

100.0 

~umber of respondents 86 168 175 228 222 879 

9. Probability and 
1960/65 

% 

Statistics - e) 
1970 1971 

% % 

Probability Theory 
1972 1973 ALL 

% % % 

(i) 
About Right 
Too Huch 
Too Little 
No Opinion 
TOTAL 

53.2 
3.2 

37.2 
6.4 

100.0 

59.6 
3.6 

25.4 
11. 4 

100.0 

55.3 
4.2 

27 .0 
13.5 

100.0 

61. 5 
3.8 

25.8 
8.9 

100.0 

61. 4 
4.5 

21. 2 
12.9 

100.0 

59.2 
4.0 

25.6 
11.1 

100.0 

Number of respondents 94 193 215 291 311 1,104 

(ii) 
Great Importance 
lloderate Importance 
Little Importance 
~~o Importance 
TOTAL 

29.5 
29.5 
21. 6 
19.3 

100.0 

14.5 
34.6 
17.3 
33.5 

100.0 

16.0 
28.4 
23.7 
32.0 

100.0 

14.9 
33.1 
18.1 
33.9 

100.0 

14.2 
32.1 
22.5 
31. 3 

100.0 

16.2 
31. 8 
20.5 
31. 4 

100.0 

Number of respondents 88 179 194 248 240 949 
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10. Applications of Mathematics - a) Actuarial Science 
1960/65 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 33.0 20.0 22.9 23.1 27.7 24.8 
Too Much 6.8 4.0 3.9 0.8 0.7 2.5 
Too Little 26.1 26.3 30.7 26.0 24.0 26.4 
,~o Opinion 31. 8 49.7 42.5 50.0 47.6 46.3 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

~umber of respondents 

(Lf.) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
TOTAL 

86 

17.3 
8.6 

17.3 
56.8 

100.0 

175 

10.7 
11. 3 
10.7 
67.3 

100.0 

179 

16.6 
8.6 

14.1 
60.7 

100.0 

242 

12.0 
9.6 

13.9 
64.4 

100.0 

271 

15.2 
15.2 

9.8 
59.8 

100.0 

953 

14.0 
11. 0 
12.6 
62.3 

100.0 

~umber of respondents 81 159 163 208 204 815 

10. Applications of Mathematics - b) Operations Research 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 15.9 28.2 28.6 29.3 31.8 28.5 
Too Much 2.3 1.1 1.1 1.6 1,1 1.3 
Too Little 58.0 41. 2 38.9 38.6 35.4 39.9 
l'JO Opinion 23.9 29.4 31. 4 30.5 31. 8 30.2 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 

(ii) 
Great Importance 
Moderate Importance 
Little Importance 
No Importance 
TOTAL 

88 

19.0 
28.6 
19.0 
33.4 

100.0 

177 

11.1 
24.1 
14.2 
50.6 

100.0 

185 

13.9 
22.9 
18.1 
45.2 

100.0 

249 

10.4 
22.6 
18.1 
48.9 

100.0 

280 

13.6 
25.9 
20.0 
40.5 

100.0 

979 

12.9 
24.4 
17.9 
44.8 

100.0 

Number of respondents 84 162 166 221 220 853 
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10. Applications of Mathe~atics - c) l1athe~atica1 Physics 
1960/65	 1970 1971 1972 1973 ALL 

% % % % % % 

(i) 
About Right 48.9 35.1 36.8 33.3 31. 7 35.3 
Too Much 14.8 5.2 5.4 1+.6 4.8 5.8 
Too Little 15.9 14.9 18.9 24.6 18.8 19.3 
~~o Opinion 20.5 44.3 38.9 37.5 44.6 39.6 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

:rumber of respondents 88 174 185 240 271 958 

(ii) 
Great Importance 7.2 7.7 6.0 2.4 6.3 5.6 
Hoderate Importance 10.8 11. 6 11. 3 13.0 10.6 11. 6 
Little Importance 31. 3 10.3 13.1 14.4 1l.5 14.4 
:~o Importance 50.6 70.3 69.6 25.8 71. 6 68.5 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 

Jumber of respondents 83 155 168 208 208 822 
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APPENDIX I
 
Table III.C.1.1 - Opinions regarding Content and Methodology of Universtty
 
11athematica1 Education: All C1assess, B.Sc. (Hon , ) Hathematica1
 

Sciences - Canadian Universities ~ 

Opinions 

Number 
About Too Too Ho of 
Right Euch Little Opinion Res. 

0/
10 % % ~7 

10 

Content and Methodology 

1. Theoretical development 52.5 35.6 9.0 2.9 1,215 
2. Useful results 31.7 1.2 60.8 6.4 1,200 
3. We11-for~u1ated problems 58.9 6.2 27.1 7.7 1,190 
4. Unstructured problems 30.0 5.6 41.0 23.4 1,165 
5. Mathematical modelling 24.1 1.5 52.2 22.3 1,167 
6. Applications to other 

fields 24.3 0.8 66.2 8.6 1,197 
7 . History and philosophy of 

math 29.9 4.5 47.0 18.6 1,182 
8. Social Implications of 

math 13.0 1.6 61.4 24.0 1,169 
9. Lectures 61.9 29.1 4.0 5.0 1,201 
10. Seminars, group discus

sions 29.5 2.0 58.2 10.3 1,185 
11. Individual guidance 42.4 0.8 49.5 7.4 1,193 
12. Tuoria1s, problem 

sessions 52.5 4.3 36.3 6.9 1,194 
13. Independent study 59.6 6.6 25.6 8.2 1,181 
14. Original work 30.6 0.6 50.2 18.6 1,171 
15. Developing teaching 

ability 19.8 0.8 52.7 26.7 1,167 
16. Written assignments 73.0 10.1 12.1 4.8 1,202 
17. Examinations 64.3 29.5 3.2 3.1 1,206 
18. Teamwork 24.6 2.4 56.3 16.7 1,171 

Source: Primary research by the authors (Table 1, Question III.C) 

Total - 100 
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Table III.C.1-2 - Opinions Regarding Content and Methodology of University
 
Mathematica1 B.Sc. (Hon.) - Mathematical Sciences Canadian
1Education:
Universities - Classes of 1960/65, 1970, 1971, 1972 and 1973 

1. Theoretical Development 

Year of Graduation 1960	 & 1965 1970 1971 1972 1973 ALL 
'7 
/0 % % % % 

Opinions of emphasis placed 
About Right 58.0 51.0 51.0 54.3 51.3 52.5 
Too Huch 34.0 37.1 37.1 33.1 36.4 35.6 
Too Little 8.0 10.5 8.2 8.2 9.6 9.0 
No Opinion 0.0 1. L. 3.7 4·.4 2.6 2.9 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

l.Jumber of respondents 100 210 245 317 343 1215 

2. Useful Results 

Year of Graduation 1960	 & 1965 1970 1971 1972 1973 ALL 
% % % ~ % 

Opinions of emphasis placed 
About Right 27.3 32.1 32.4 33.7 30.4 31.7 
Too 1'1uch 1.0 1.4 1.7 1.0 0.9 1.2 
Too Little 66.7 61.2 58.0 58.4 62.8 60.3 
No opinion 5.0 5.3 8.0 7.0 5.9 6.4 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

l~umber of Respondents	 99 209 238 315 339 1200 

Source: Primary research by the authors. (Table 1, Question III.C) 
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3. ~'Je11 Formulated Problems 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
C7 
10 % % % % 

Opinions of emphasis placed 
About Right 54.5 55.8 61.1 61.7 57.9 58.9 
Too Huch 6.1 3.3 8.1 5.1 4.7 6.2 
Too Little 26.3 26.2 25.2 23.8 32 .L~ 27.1 
~'Jo Opinion 13.1 9.7 5.6 9.3 5.0 7.7 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Numbe r of respondents 99 206 234 317 340 1190 

4. Unstructured Problems 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% C7 

10 % % % 

Opinions of emphasis placed 
About Right 23.7 26.7 28.7 34.4 30.6 30.0 
Too Much 4.1 6.8 3.9 4.3 7.6 5.6 
Too Little 49.5 39.8 47.0 39.7 36.4 41.0 
No opinion 22.7 26.7 20.4 21.5 25.5 23.4 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

.Iumber of Respondents 97 206 230 302 330 1165 

5. Mathematical Modelling 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% % % % % 

Opinions of emphasis placed 
About Right 13.4 20.6 25.4 26.2 26.5 24.1 
Too l'1uch 0.1 2.0 1.7 1.0 1.5 1.5 
Too Little 71.1 5/+.4 51.3 51.7 46.4 52.2 
No Opinion 14.4 23.0 21.6 21.2 25.6 22.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

~\Jumber of Respondents 97 204 232 302 332 1167 
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6. Applications to Other Fields 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% C1 

(0 % % % 

Opinions of emphasis placed 
About Right 22.8 22.5 23.3 25.2 25.7 24.3 
Too Much 0.0 0.5 0.4 1.3 1.2 0.8 
Too Little 72.3 65.2 65.4 65.4 66.5 66.2 
No Opinion 0.5 11.8 10.8 8.1 6.7 8.6 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 101 204 240 309 343 1197 

7. History and Philosophy of Mathrneatics 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% °1 

(0 % G7 

/0 % 

Opinions of emphasis placed 
About Right 31.3 31.6 29.7 29.2 29.4 29.9 
Too Huch 0.4 2.4 4.6 6.2 4.2 4.5 
Too Little 50.5 !~9. 0 46.4 L~5. 8 46.1 47.0 
No opinion 14.1 17.0 19.2 18.8 20.3 18.6 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

LJurnber of Respondents 99 206 239 308 330 1182 

8. Social Implications of 1:1a t herna t ics 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% 0/

(0 
"7 
10 % % 

Opinions of emphasis placed 
About Right 13.7 11.7 12.8 11.2 15.5 13.0 
Too Huch 1.1 1.0 2.6 2.0 1.2 1.6 
Too Little 56.8 65.5 59.6 62.5 60.5 61.4 
i~o Opinion 28.4 21.8 25.1 24.3 22.8 24.0 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Numb e r of Respondents 95 206 235 304 343 1169 
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9. Lectures 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% '7 

/0 % rrr 
/0 % 

Opinions of emphasis placed 
About Right 68.9 59.3 59.1 57.9 66.9 61.9 
Too Huch 28.2 32.1 29.3 33.0 24.0 29.1 
Too Little 1.9 3.8 4.5 3.6 4.7 4.0 
do Opinion 1.0 4.8 7.0 5.5 1+.4 5.0 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 103 209 242 309 338 1201 

10. Seminars, Group Discussions 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
OJ 
/0 % C7 

/0 % % 

Opinions of emphasis placed 
About Right 26.7 30.4 31.6 28.5 29.0 29.5 
Too Euch 2.0 2.0 2.5 1.6 2.1 2.0 
Too Little 65.0 59.8 53.6 60.5 56.6 58.2 
No opinion 6.9 7.8 12.2 9.4 12.3 10.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of Respondents 101 204 237 309 334 1185 

11. Individual Guidance 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% C""1 

/0 % % % 

Opinions of emphasis placed 
About Right 37.6 40.8 41.4 43.8 44.3 42.4 
Too "Much 2.0 0.0 0.8 0.6 0.9 0.8 
Too Little 57.4 52.4 51.1 46.6 46.7 49.5 
No Opinion 3.0 6.8 6.8 8.9 8.0 7.4 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of Respondents 101 206 237 313 336 1193 
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12. Tutorials, Problem Sessions 

Year of Graduation 

Opinions of emphasis placed 
About Right 
Too Euch 
Too Little 
No Opinion 
Total 

Number of respondents 

1960 & 1965 
'7 
/0 

44.4 
6.1 

!}6.5 
3.0 

100.0 

99 

1970 
% 

51.5 
2.4 

41.3 
4.9 

100.0 

206 

1971 1972 
'7 %/0 

52.5 56.4 
4.6 3.2 

36.7 32.7 
6.3 7.7 

100.0 100.0 

240 312 

1973 ALL 
/0 

51.9 52.5 
5.6 4.3 

33.5 36.3 
8.9 6.9 

100.0 100.0 

337 1194 

13. Iadepeadent Study 

Year of Graduation 

Opinions of emphaei.e placed 
About Right 
Too Huch 
Too Little 
~~o opinion 
Total 

:~uI;].ber of Respondents 

1960 & 1965 
01 
10 

57.1 
13.3 
23.5 
6.1 

100.0 

98 

1970 
% 

53.2 
4.5 

28.9 
8.5 

100.0 

201 

1971 
0/ 
10 

60.8 
7.2 

23.6 
8.4 

100.0 

237 

1972 
70 

53.4 
5.8 

26.6 
9.1 

100.0 

308 

1973 ALL 
% 

61.4 59.6 
6.2 6.6 

24.G 25.6 
7.7 8.2 

100.0 100.0 

337 1131 

14. Original Hork 

Year of Graduation 

Opinions of emphasis placed 
About Right 
Too Euch 
Too Little 
~~o Opinion 
Total 

Number of Respondents 

1960 & 1965 
% 

38.8 
0.0 

45.9 
15.3 

100.0 

98 

1970 
70 

32.2 
0.0 

48.3 
19.5 

100.0 

205 

1971 1972 
% % 

31.6 26.2 
0.9 1.3 

47.4 51.3 
20.1 21.2 

100.0 100.0 

234 302 

1973 
0/
/0 

30.4 
0.3 

53.6 
15.7 

100.0 

332 

ALL 

30.6 
0.6 

50.2 
18.6 

100.0 

1171 

241 

• 



MATHEMATICAL 
SCIENCES IN CANADA 

15. Developing Teaching Ability 

Year of Graduation 1960 & 1965 
% 

1970 
CJ 
/0 

1971 
% 

1972 
% 

1973 
<'J 
/0 

ALL 

Ooinions of emphasis placed 
About Right 
Too lluch 
Too Little 
~~o Opinion 
Total 

18.8 
3.1 

53.1 
25.0 

100.0 

22.8 
1.0 

52.4 
23.8 

100.0 

19.0 19.5 
1.3 0.3 

56.5 51.8 
23.3 28.4 

100.0 100.0 

19.1 19.8 
0.0 0.8 

50.9 52.7 
30.0 26.7 

100.0 100.0 

Number of respondents 96 206 232 303 330 1167 

16. Written Assignments 

Year of Graduation 1960 & 1965 
% 

1970 
C1! 
10 

1971 
% 

1972 
0/
10 

1973 
or 
10 

ALL 

Opinions of emphasis placed 
About Right 
Too Huch 
Too Little 
No opinion 
Total 

74.0 
9.0 

14.0 
3.0 

100.0 

76.3 
7.2 

10.6 
5.8 

100.0 

70.0 
10.7 
1/+.8 

4.5 
100.0 

74.8 
9.3 

11.2 
4.8 

100.0 

71.4 73.0 
12.4 10.1 
11.2 12.1 

5.0 4.8 
100.0 100.0 

Jumber of Re s po aden t s 100 207 /.43 313 339 1202 

17. Examinations 

Year of Graduation 1960 & 
C7 
/0 

1965 1970 
% 

1971 
% 

1972 
0/
10 

1973 
07 
/0 

ALL 

Opinions of emphasis placed 
About Right 
Too Huch 
Too Little 
:~o Opinion 
Total 

68.0 
29.4 
2.9 
1.0 

100.0 

66.3 
29.3 
2.9 
1.4 

100.0 

58.5 63.0 
34.4 30.1 

2.5 3.3 
1+.6 3.2 

100.0 100.0 

67.6 
25.7 
3.2 
3.5 

100.0 

64.3 
29.5 
3.2 
3.1 

100.0 

iJumber of Respondents 102 208 241 316 339 1206 
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18. 'I'camwo rk 

Year of Graduation 1960 & 1965 1970 1971 1972 1973 ALL 
% 01 

,0 % 01 
10 % 

Opinions of emphasis placed 
About Right 14.7 27.0 24.8 26.1 24.5 24.6 
Too Nuci1 6.3 2.0 2.1 1.7 2.4 2. !~ 

Too Little 56.8 56.4 5L~. 3 55.8 57.9 56.3 
:~o Opinion 22.1 14.7 18.8 16.5 15.2 16.7 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Jumber of respondents 95 204 234 303 335 1171 
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Table III.C.2 - Opinions regarding Content and l1ethodology of Graduate 
University r1athematical Education: All Classess, ~.A. Hathematical 

Sciences - Canadian Universities 

Opinions 

Number 
About Too Too No of 
Right Huch Little Opinion Res. 

% ", 
10 % <YJ 

10 

Content and Methodology 

1. Theoretical development 71.7 19.0 6.8 2.5 353 
2. Useful results 51.6 0.6 38.9 8.9 347 
3. ~vell-formulated problems 60.3 4.7 22.7 12.2 343 
4. Unstructured problems 44.2 5.3 27.0 23.4 337 
5. Mathematical modelling 35.4 1.2 41.7 21.7 336 
6. Applications to other 

fields 32.7 0.3 51.8 15.2 342 
7 . History and philosophy of 

math 27.3 1.2 47.5 24.0 336 
8. Social Implications of 

math 19.2 0.3 53.3 27.2 338 
9. Lectures 69.3 19.3 6.9 4.6 348 
10. Seminars, group discus

sions 61.7 3.7 30.3 1.4 350 
11. Individual guidance 61.8 0.0 32.5 5.7 348 
12. Tuorials, problem 

sessions 57.5 1.5 27.1 13.9 339 
13. Independent study 76.1 6.6 10.9 6.3 348 
14. Original work 70.3 3.5 20.2 6.1 347 
15. Developing teaching 

ability 39.5 1.5 44.8 14.2 344 
16. Written assignments 73.0 10.3 12.4 4.3 348 
17. Examinations 73.0 17.8 4.0 5.2 348 
18. Teamwork 36.8 1.8 45.9 15.6 340 

Source: Primary research by the authors. (Table 1, Question III.C) 

Total - 100 
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APPENDIX I 
Table III.C.3 - Opinions regarding Content and Hethodology of Graduate 
University Mathematical Education: All Classes, lh.D. Hathematical 

Sciences - Canadian Universities 

Opinions 

Number 
About Too Too No of 
Right Much Little Opinion Res. 

% '7 
10 

or 
10 % 

Content and Methodology 

Theoretical development 75.6 15.6 6.9 1.9 160 
2. Useful results 51.9 0.6 41.6 5.8 154 
3. ~vell-formulated problems 62.7 6.0 18.7 12.7 150 
4. Unstructured problems 33.6 0.7 40.9 24.8 149 
5. Mathematical modelling 23.5 0.0 53.7 22.8 149 
6. Applications to other 

fields 30.9 0.0 57.9 11.2 152 
7. History and philosophy of 

math 26.8 0.0 56.4 16.8 149 
8. Social Implications of 

math 17.6 0.7 50.7 31.1 148 
9. Lectures 75.3 16.9 5.2 2.6 154 
10. Seminars, group discus

sions 68.8 0.6 25.3 5.3 154 
11. Individual guidance 69.9 0.6 25.3 3.2 154 
12. Tuorials, problem 

sessions 57.0 0.0 22.8 20.2 149 
13. Independent study 81.6 3.2 12.0 3.2 158 
14. Original work 81.4 1.9 14.8 1.9 155 
15. Developing teaching 

ability 43.8 1.3 48.4 6.5 153 
16. Written assignments 76.8 3.2 16.1 3.9 155 
17. Examinations 76.3 13.5 5.1 5.1 156 
18. Teamwork 32.5 0.7 38.4 28.5 151 

Source: Primary research by the authors. (Table 1, Question III.C) 

Total - 100 
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Table 1.1 - Current Work Function, Industry by £egree Level: All Classes 
- Mathematical Sciences - Canadian Universities . 

Level of last highest degree: B.A. M.A. PhD 
(;J-1276) (N-386 ) (:'J-168) 

% 

· . 1 . 1Prlnclpa Functlon 

Teaching and Training 22 37 78 
Applied Mathematical Research 
Basic Mathematical Research 

4
2 

3 
1 

2 
5 

Actuarial and Business Mach 9 2 
Operations Research 3 6 
Experimental Design 
Sampling, Surveying, Other 

21 
2
1 

Statistical Procedures 5 5 
Systems Analysis, Simulation 

and Systems Eng., Other 21 19 

2

2 
Administration 124 
Programming a~d Data Processing 5 3 1 
Supervision (related to math) 
Math Modelling, Consulting 

(related to math) 
Other 2 9 

1 

1
2 

~o response, not applicable 17 14 6 
TOTAL 100 100 100 

Industry 

Primary Industry 4 3 1 
Hanufacturing 5 4 1 
Transportation and Communication 2 3 1 
Public Utilities 2 2 1 
Trade (IVholesale and Retail) 2 1 
Finance and Insurance 11 4 
Business, Service Industries 10 7 1
 
Federal Government 10 10 6
 
Provincial Government 5 4 
Other Government 1 2 

81University 16 35 
College (Post Secondary) 2 5 1 
High School 10 5 
Grade School 1 
Other 2 3 11 
~o response, not applicable 17 15 5 
TOTAL 100 100 100 

1
Respondents were allowed to specify up to three phrases describing 

their nature of work. The various possibilities~e assigned priority 
numbers, and the highest priority used. The highest priority for those 
employed in the Academic Institutions was given to "Teaching and 
Training", the lowest to "Other". The highest priority for those employed 
elsewhere was given to "Applied Mathematical Research", the lowest to 
"Teaching and Training". 

2 
Includes graduates who are still students. 

Source: Primary Research by the authors. (Table 1, Question 1.1) 
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Table III.D.l.l - Opinions Regarding the Degree of Consideration Given to
 
Various Aspects of University l1athematical Education: All Clasress, B.Sc.
 

(Hon.) - ~illthematical Sciences - Canadian Universities 

Opinions 

Number 
About Too Too :No of 
Right Much Little Opinion Res. 

% % % % % 

1. Origins of mathematical 
concepts and theories . 45.0 4.2 43.9 6.9 1,187 
2. Interconnections between 
various branches of mathematics .. 38.2 0.6 57.6 3.6 1,196 
3. Limitations and abuses of 
mathematical methods . 33.6 1.0 47.4 18.0 1,173 
4. Communicating n~thematical 

ideas to others . 34.5 0.9 53.3 11.3 1,167 
5. Developing computational 
skills . 64.4 4.2 25.8 5.6 1,185 
6. Learning how to use the ~athe-
matical literature . 30.1 0.4 60.7 3.8 1,187 
7. Contact with users of mathe
matics (invited talks, etc.) ..... 31.5 0.3 60.5 7.8 1,186 
8. Career opportunities in the 
mathematical sciences . 35.7 0.7 55.7 7.9 1,175 
9. The Impact of mathematics on 
modern society . 22.1 1.0 61.6 15.3 1,165 
10. Cultural aspects of 
faat hema tics . 15.6 1.0 56.6 26.9 1,154 
11. Contemporary developments in 
faa thematics . 37.2 0.8 51.4 10.7 1,181 

Source: Primary research by the authors. (Table 1, Question II.D.l) 

Total - 100 
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APPENDIX I 
Table III.D.1.2 - Opinions Regarding the Degree of Consideration Given to 
Various Aspects of University Mathematical Education: Classes of 1962/65, 
1970, 1971, 1972 and 1973 - ~lathematica1 Sciences - Canadian Universities 

1.	 Origins of mathematical concepts and 
theories: 

Year of Graduation:	 1960/65 1970 1971 1972 1973 ALL 
0/% % % % % 10 

Opinions re: Degree of 
consideration that was given: 

About right 41.4 45.8 37.3 47.4 48.9 45.0 
Too much 3.0 3.8 5.8 4.3 3.6 4.2 
Too little 41.7 43.4 48.5 41.4 41.7 43.9 
~~o opinion 7.1 7.1 8.3 6.9 5.7 6.9 

Number of respondents	 99 212 241 304 331 1,187 

2.	 Interconnections between various branches 
of mathematics: 

Year of Graduation:	 1960/65 1970 1971 1972 1973 ALL 
r7J	 0/%	 % 10 % %10 

Opinions re: Degree of 
consideration that was given: 

About right 27.0 36.9 33.6 43.4 41.0 38.2 
Too much 0.0 0.9 0.8 0.7 0.3 0.6 
Too little 68.0 58.5 58.1 53.9 56.9 57.6 
No opinion 5.0 3.7 7.5 2.0 1.8 3.6 

Number of respondents	 100 217 241 304 334 1,196 
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3.	 Lindta tions and abuses of mathematical 
methods: 

Year of Graduation:	 1960/65 1970 1971 1972 1973 ALL 
07% 0/ % % % /0/0 

Degree of consideration 
given 

About right 18.8 38.0 29.8 35.5 36.1 33.6 
Too much 1.0 0.5 1.3 0.7 1.5 1.0 
Too little 53.1 45.2 51.7 48.5 43.0 47.4 
No opinion 27.1 16.3 17.2 15.3 19.4 18.0 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

dumber of respondents	 96 208 238 301 330 1,173 

4. Communicating mathematical ideas to 
others 

Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 
% % % % % % 

Degree of consideration 
given 

About right 25.5 34.9 27.3 35.1 q·1.7 34.5 
Too much 1.0 0.5 1.3 1.7 0.0 0.9 
Too little 54.1 53.6 60.1 53.0 48.2 53.3 
No opinion 19.4 11.0 11.3 10.1 10.1 11.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Hwnber of respondents 98 209 238 296 326 1,167 
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5. Developing computational skills 

Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 
% % O"J 

/0 % C'J 
/0 % 

Degree of consideration 
given 

About right 61.6 60.2 61.7 69.4 65.3 64.4 
Too much 2.0 L~ .3 4.2 3.6 5.4 4.2 
Too little 31.3 28.9 27.5 22.0 24.5 25.8 
No opinion 5.1 6.6 6.7 4.9 4.8 5.6 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

aumber of respondents 99 211 240 304 331 1,185 

6. Learning how 
literature 

to use mathematical 

Year of Graduation: 1960/65 
% 

1970 
C7 

/0 

1971 
'7 
/0 

1972 
Gl 
/0 

1973 
O"J 
/0 

ALL 
% 

Degree of consideration 
given 

About right 
Too much 
Too little 
i~o opinion 
Total 

28.6 
0.0 

61.2 
10.2 

100.0 

31.0 
0.5 

60.5 
8.1 

100.0 

30.2 
0.8 

59.9 
9.1 

100.0 

31.5 
0.7 

60.7 
7.2 

100.0 

28.6 
0.0 

61.1 
10.2 

100.0 

30.1 
0.4 

60.7 
8.8 

100.0 

~~umber of respondents 98 210 242 305 332 1,187 
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7. Contact with users of mathematics 
(invited talks, etc.) 

Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 
% % % % % % 

Degree of consideration 
given 

About right 25.3 26.8 29.8 32.3 36.6 ;31.5 
Too much 0.0 0.0 o. L~ 0.0 0.6 0.3 
Too little 66.7 65.1 62.8 62.0 53.0 60.5 
~-.Jo opinion 3.0 8.1 7.0 5.7 9.8 7.8 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Nurnber of respondents 99 209 242 300 336 1,186 

fJ.	 Career opportunities in the Bathematica1 
sciences 

Year of Graduation:	 1960/65 1970 1971 1972 1973 ALL 
VJ C7% /0 /0 % % % 

Degree of consideration 
given 

About right 23.7 36.1 31.5 38.5 39.3 35.7 
Too much 0.0 0.5 0.8 1.3 0.3 0.7 
Too little 60.8 55.3 59.7 53.5 53.8 55.7 
l:~0 opinion 15.5 8.2 8.0 6.6 6.6 7.9 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents	 97 208 238 301 331 1,175 
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9. The impact of mathematics on modern 
society 

Year of Graduation: 1960/65 1970 1971 1972 1973 ALL 
07 
/0 % % % % % 

Degree of consideration 
given 

About right 18.9 20.1 17.4 23.9 25.9 22.1 
Too much 1.1 0.5 1.3 1.7 0.6 1.0 
Too little 63.2 62.2 64.4 61.4 59.0 61.6 
No opinion 16.8 17.2 16.9 13.0 14.5 15.3 
Total 100.0 100.0 100.0 100.0 100.0 100.0 

Number of respondents 95 209 236 2930 332 1,165 

10. Cultural aspects of 
mathematics 

Year of Graduation: 1960/65 
% 

1970 
% 

1971 
% 

1972 
% 

1973 
% 

ALL 
% 

Degree of consideration 
given 

About right 
Too much 
Too little 
No opinion 
Total 

21.1 
1.1 

49.5 
28.3 

100.0 

15.0 
1.0 

57.8 
26.2 

100.0 

14.8 
0.8 

54.2 
30.1 

100.0 

14.8 
1.0 

58.1 
26.1 

100.0 

15.6 
0.9 

58.3 
25.2 

100.0 

15.6 
1.0 

56.6 
26.9 

100.0 

Number of respondents 95 206 236 291 326 1,154 
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11. Contemporary Developments in 
Hathematics 

Year of Graduation: 

Degree of consideration 
given 

About right 
Too much 
Too little 
No opinion 
Total 

Number of respondents 

1960/65 
% 

24.0 
1.0 

61.0 
14.0 

100.0 

100 

1970 
OJ 
,0 

38.0 
0.5 

51.9 
9.6 

100.0 

208 

1971 
% 

32.9 
0.4 

52.9 
13.8 

100.0 

240 

1972 1973 ALL 
% % % 

39.9 41.3 37.2 
1.0 0.9 0.8 

50.5 47.9 51.4 
8.6 9.9 10.7 

100.0 100.0 100.0 

301 332 1,181 
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APPENDIX I 
Table III.D.2 - Opinions regarding the Degree of Consideration given 
Various Aspects of Graduate University i~thematical Educftion: 
Classes, M.A. - }1athematical Sciences - Canadian Universities 

to 
All 

Opinions 

1. Origins of mathematical 
concepts and theories . 
2. Interconnections between 
various branches of mathematics .. 
3. Limitations and abuses of 
mathematical methods . 
4. Communicating mathematical 
ideas to others . 
5. Developing computational 
skills . 
6. Learning how to use the mathe
matical literature . 
7. Contact with users of mathe
matics (invited talks, etc.) ..... 
8. Career opportunities in the 
mathematical sciences . 
9. The Impact of mathematics on 
modern society . 
10. Cultural aspects of 
mathematics . 
11. Contemporary developments in 
rnathematics . 

About 
Right 

% 

52.2 

46.3 

46.9 

66.7 

63.6 

62.2 

40.8 

30.3 

20.1 

66.5 

Too
 
Huch
 

2.0 

0.3 

1.2 

1.2 

2.0 

0.9 

0.9 

1.5 

2.4 

1.5 

2.0 

Too 
Little 

% 

40.1 

45.0 

36.4 

42.0 

21.9 

30.6 

32.8 

47.8 

54.1 

53.8 

2!~. 8 

Number 
No of 
Opinion Res. 

or 
10 

5.8 

6.9 

16.1 

9.9 

9.4 

4.9 

4.1 

9.9 

13.2 

24.6 

6.7 

347 

349 

341 

343 

346 

344 

343 

333 

343 

Source: Primary research by the authors (Table 1, Question III.D) 

Total - 100% 

254 



.......__ .... _-----------------------------------------

APPENDIX I 
Table III.D.3 - Opinions Regarding the Degree of Consideration given to 
Various Aspects of Graduate University Mathematical Education: All 
Classes, Ph.D. - Mathematical Sciences - Canadian Universities 

Opinions 

Number 
About Too Too No of 
Right Huch Little Opinion Res. 

07% % % 10 

1. Origins of mathematical 
concepts and theories . 
2. Interconnections between 
various branches of mathematics .. 
3. Limitations and abuses of 
mathematical methods . 
4. Communicating mathematical 
ideas to others . 
5. Developing computational 
slcills . 
6. Learning how to use the mathe
matical literature . 
7. Contact with users of mathe
matics (invited talks, etc.) ..... 
8. Career opportunities in the 
mathematical sciences . 
9. The Impact of mathematics on 
modern society . 
10. Cultural aspects of 
ma t hema t.Lc s •••••••••••••••••••••• 

11. Contemporary developments in 
mathematics . 

46.2 

44.8 

46.1 

52.3 

66.7 

69.9 

67.5 

46.7 

26.0 

25.8 

72.1 

0.6 

1.3 

0.0 

0.0 

1.3 

0.0 

0.6 

0.0 

0.0 

0.0 

1.3 

51.3 

49. !~ 

36.2 

39.7 

24.2 

26.1 

26.2 

45.4 

58.0 

50.3 

23.4 

1.9 

4.5 

17.8 

7.9 

7.8 

3.9 

5.7 

7.9 

16.0 

23.8 

3.2 

156 

152 

151 

153 

153 

157 

152 

150 

151 

154 

Source: Primary research by the authors (Table 1, Question III.D) 

Total - 100% 
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APPE:~DIX II 

We had hoped to be able to show some of the comparative findings 
of the Highly Qualified Manpower Survey. Unfortunately, we cannot 
until the pending series of Reliability Reports from Statistics 
Canada have been accepted by the Ministry of State for Science and 
Technology. 

It is our hope that the data will be made available in time for 
our final edition. 
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APPENDIX III 
GRADUATION PATTElli~S AND FACULTY CHARACTERISTICS 

The accompanying tables provide some data on graduation patterns in 
the tfuthematical Sciences at the Bachelor's, 11aster's and Doctor's 
levels as well as faculty characteristics. For the purposes of the 
}lathematical Study, the Mathematical Sciences include Pure l1athema
tics, Statistics, Actuarial Science, and Computer Science. These 
figures have been compiled from information supplied by the following 
Canadian University Departments. 
ACADIA U~IVERSITY - Computer Science 
m~IVERSITY OF Alberta - Mathematics 
ALTHOUSE COLLEGE OF EDUCATION (U. of Western Ontario) - Hathematics 

(Education) 
BISHOP'S UNIVERSITY - Mathematics 
UNIVERSITY OF BRITISH COLU~ffiIA - Computer Science 
BROCK UNIVERSITY - Mathematics 
illIIVERSITY OF CALGARY - l1athematics 
DALHOUSIE UNIVERSITY - Hathematics 
m~IVERSITY OF GUELPH - ~~thematics and Statistics 
LAKEllEAD UNIVERSITY - :·1athematics 
UNIVERSITE LAVAL - ~futhematics, Computer Science 
UNIVERSITY OF LETHBRIDGE - Mathematical Sciences 
LOYOLA COLLEGE - Computer Science 
lli~IVERSITY OF ~UU~ITOBA - Mathematics, Statistics 
UNIVERSITY OF HcGILL - Hathematics 
rlEMORIAL UNIVERSITY OF NEWFOUNDLAND - ~mthematics 

UNIVERSITE DE MONCTON - Hathematics 
lEJIVERSITY OF i.~EH BRUNSWICK - Hathematics 
OTTAWA ill~IVERSITY - Mathematics 
UNIVERSITY OF PRINCE EDWARD ISLAl'1D - Hathematics 
UNIVERSITE DU QUEBEC a Chicoutimi - t1athematics 

a Montreal - Mathematics 
a Trois Rivieres - Hathematics 

QUEElJ'S UNIVERSITY - ~·~thematics, Computing and Information Science 
ROYAL 11ILITARY COLLEGE OF CANADA - Hathematics 
UNIVERSITY OF SASKATCHEWM~ - (Regina) - Mathematics 

(Saskatoon) - Mathematics, Computer Science 
UNIVERSITE DE SHERBROOKE - Hathematics 
SIHON FRASER UNIVERSITY - Mathematics 
SIR GEORGE \vILLIANS UNIVERSITY - Mathematics 
illIIVERSITY OF TORONTO - ~~thematics, Computer Science 
UNIVERSITY OF VICTORIA - Mathematics 
Ui'1IVERSITY OF WATERLOO - Faculty of Hathematics 
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UNIVERSITY OF HESTEfu~ ONTARIO - 1Ylathematics, Applied Hathematics and 
Computer Science 

UNIVERSITY OF HINDSOR - tfuthematics and Computer Science 
m~IVERSITY OF WINNIPEG - Mathematics and Statistics 
YORlZ lh~IVERSITY - Hathematics 
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AJ?PENDIX IV 

Additional Information on Graduation Patterns and Faculty 
Characteristics 

Our enquiry into the graduation patterns and faculty characteristics 
of Appendix III can to some extent, be compared to statistics 
gathered through Statistics Canada, the Annual Statistical Reports of 
the Canadian Association of Graduate Schools, and the work done by 
K.D. Hunt of the University of Waterloo. Tables 1 and 2 report on 
the number of doctoral degrees awarded in the mathematical sciences. 
Table 1 considers the calendar year, whereas Table 2 considers the 
school year as defined by Statistics Canada. Table 3 shows the 
number and doctoral qualifications of mathematics faculty members at 
Canadian Universities by school year. 

Table 1 - Number of Doctorates awarded in Mathematics by Canadian 
Universities, 1961 - 1973. 

Table 1 
Number of PhD's 

Year Awarded 
1961 11 
1962 9 
1963 15 
1964 19 
1965 42 
1966 39 
1967 52 
1968 49 
1969 60 
1970 63 
1971 86 
1972 88 
1973 94 

Note:	 For the years 1961 to 1968 the figures are based on a list 
produced by K.D. Hunt of the University of Waterloo of the 
names and thesis titles of PhD's in mathematics for 1961-1972. 
For the years 1969-1973 the figures quoted are from the annual 
Statistical Reports of the Canadian Association of Graduate 
Schools. 
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Table 2
 

NUHBER OF GRADUATE DEGREES AWARDED IN HATHEHATICS BY CA:-JADIAN
 

ill~IVERSITIES, 1960/61 - 1971/72
 

HASTERS DOCTORATES 
YEAR NilllBER IUDEX NilllBER INDEX 

1960-61 55 100 8 100 
1961-62 46 84 10 125 
1962-63 82 149 06 75 
1963-64 106 193 21 263 
1964-65 83 151 28 350 
1965-66 171 311 34 425 
1966-67 175 318 43 538 
1967-68 213 387 49 613 
1968-69 247 449 53 663 
1969-70 392 713 61 763 
1970-71 357 649 35 1,063 
1971-72 428 778 97 1,213 

Source: Derived from Statistics Canada Data. 
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Table 3
 

I'Jffi1BER MJD DOCTORAL QUALIFICATIONS OF I'1ATI-lEHATICS FACULTY AT
 

CANADIAN UNIVERSITIES, 1956/57 - 1973/74
 

PERCElJTAGE 
YEAR NUHBER WITH DOCTORATE 

1956-57 237 L~9. 8 
1958-59 311 48.9 
1960-61 388 49.2 
1962-63 458 50.3 
1963-64 545 !f 7.3 
1965-66 731 51.2 
1967-68 962 54.1 
1968-69 1,038 60.5 
1969-70 1,200 62.3 
1970-71 1,269 67.5 
1971-72 1,295 69.5 
1972-73 1,122* 76.6 
1973-74 1,085'" 78.2 

'''unadj usted
 

Source: Adapted from Statistics Canada.
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APPENDIX V 

NRC OPERATING GRN~TS 1970/74 

All	 Biology Chemistry Physics Compo Sc. Hathematics 
~) Av. $ Av. $ Av. $ Av. s Av. $ Av. 

1970: 34.4 8.2 8.0 8.3 6.2 10.4 3.3 3.5 0.8 6.9 2.1 4.1 
1971: 36.2 8.0 8.5 8.1 6.0 10.4 3.6 8. 7 0.9 6.6 2.2 3.8 
1972: 37.6 7.8 9.0 8.2 6.0 10.4 3.7 S .t~ 1.0 6.0 2.2 3.5 

n ,..,1973: 1+0.1 v.L 9.4 8.4 6 .t; 11.8 3.6 8.9 1.2 6.9 2.4 3.6 
1974: 42.2 8.4 10.1 8.6 6.5 12.1 3.8 9.0 1.3 6.7 2.4 3.5 

lJote:	 The column headed 1 gives the total awards in millions of dollars (excludes equipment). 
The Column headed Av. gives the average award per grantee in thousands of dollars. 
The first two columns, All, records the awards given by the NRC on the advice of its 16 Discipline 
Grant Selection Committees. 
Between 1970 and 1974 the number of Operatilig Grants awarded by the NRC increased from 4261 to 5067; 
in Mathematics from 505 to 707; and in Computing Science from 113 to 196. 

Remarks:	 The combined total for Mathematics and Computer Science each year was less than for any of the 
other co~~ittees reported above. 
The average grant given to Mathematics was less than 50% of the overall average grant. 
The overall average grant has not increased appreciably in five years so that there has been a 
decrease of 25% or more in support to individual researchers measured in constant dollars. 

N
 
(J'\
 

VI 

I
l 
I 

j
 



------------------------_._.-------~-_.__ ._-

MATHEMATICAL
 
SCIENCES IN CANADA
 

---- -----------------~----~-------------------- ---~---------~-----------------



APPENDIX VI 
~~RC Operating Grants to Mathen~tics and Computing Science 

(from the first in 1958 to 1974) 

Year I"1a therna tics Computing 
1958 50.0 
1959 81.0 
1960 87.5 
1961 120.0 
1962 158.5 
1963 181.0 
1964 306.0 
1965 446.0 
1966 724.0 263 
1967 1,353.0 302 
1968 1,788.0 462 
1969 2,115.0 599 
1970 2,076.0 796 
1971 2,244.0 874 
1972 2,217.0 968 
1973 1,403.0 1,236 
1974 2,446.0 1,301+ 

Note: - The above figures are in thousands of dollars. 
- Some money was granted for Computing in 1963 and possibly 

earlier but was not listed separately. 
- Travel Fellowships, which in 1971, amounted to 19,000 and 

Special Computing Grants to $118,000 are not included in 
these figures. The latter type of grant has been phased 
out. 

- Overall in the ~RC Budget the ratio of Operating Grants to 
individuals versus Block Grants (including Negotiated 
Development Grants) has been approximately 10:1. 
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APPENDIX VII 

Post Doctoral Fellows and Research Associates in Mathematics 

The following number of PDF's and RA's were abstracted from returns of a questionnaire sent to Canadian 
University Mathematics Departments. Apparently diverse interpretations were given by the respondents 
to the questions so the meaning of the following figures is in doubt. Financial data which accompanied 
them suggest that the average annual payment to these individuals was approximately $6,000 (in some 
cases, this was for nine or ten months only). 

Year Pure Applied Statistics Computing Total
 
69/70 67 34 12 3 116
 
70/71 70 36 7 9 122
 
71/72 64 35 14 2 115
 
72/73 90 30 23 10 153
 
73/74 80 38 16 7 141
 

N 
0'\ 
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APPENDIX VIII 

DECEMBER, 1973 

DISTRIBUTION OF N.R.C. OPERATING GRANTS IN THE MATHEMATICAL SCIENCES FOR 1973/74 

The list below analyzes NRC Operating Grants from 1973/74 according to the Field Code for which the grant was requested. 
Most of these requests were dealt with by the NRC Awards Committee 107 or 116. However a few were referred to other 
Committees in the following list: 104 (Chemical/Metallurgical Engineering); 106 (Civil Engineering); 107 (Computing/ 
Information Science); 110 (Earth Sciences); 111 (Electrical Engineering); 112 (Psychology); 113 (Mechanical 
Engineering); 115 (Physics); 116 (Pure/Applied Mathematics); 120 (Industrial Engineering); 121 (Interdisciplinary). 

FIELD 
CODE DESCRIPTION 

NUMBER 
APPLICANTS 

OF 
AWARDS 

AMOUNT 
REQU ESTED GRANTED GRAND TOTAL 

0001 

0003 

0004 

0005 

Logic and Foundations 

Set Theory 
Committee 116 
Commi ttee 107 

Combinatorial Theory, Graph Theory 
Committee 116 
Committee 107 

Order, Lattices, Ordered Algebraic 
Structures 

26 

4 
3 
1 

38 
37 
1 

9 

22 

4 
3 
1 

37 
36 
1 

8 

144,274 

52,970 
42,550 
10,420 

465,315 
446,735 

18,580 

158,760 

74,023 

27,300 
23,300 
4,000 

182,212 
174,712 

7,500 

60,700 

74,023 

27,300 

182,212 

60,700 

0006 

0007 

0008 

0009 

0010 

General Mathematical Systems 

Theory of Numbers 

Fields and Polynomials 

Commutative Associative Rings and Algebras 

Linecr and Multilinear Algebra, Matrix 
The:"'y 

12 

28 

2 

7 

11 

11 

26 

2 

7 

11 

138,237 

187,410 

35,620 

33,740 

86,215 

60,604 

79,539 

23,600 

12,400 

39,500 

60,604 

79,539 

23,600 

12,400 

39,500 

N 
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VII L·- 2 

FIELD NUMBER OF .AJo100NT ens: 
CODE DESCRIPTION APPLICANTS AWARDS REQUESTED GRANTED GRAND TO' AL 0»

--im I0011	 Associative Rings and Algebras 19 18 142,660 60,262 60,262 Zm 
0012 Nonassociative Rings and Algebras 7 7 59,140 21 ,900 21 ,900	 ~s: 

en~ 
0013	 Category Theory 13 13 94,480 18,000 18,000 

ZO 
0014	 Homological Algebra 5 5 35,100 6,900 6,900 O~ »0015	 Group Theory and Generalizations 25 20 212,855 86,769 86,769 

Z 
0016 Topological Groups and Lie Theory 4 3 10,660 2,500 2,500	 » 

0 
0017 Functions of Real Variables 3 3 23,300 9,166 9,166 » 
0018	 Measure and Integration 14 14 146,750 73,189 73,189 

0019	 Functions of a Complex Variable 10 10 95,077 42,050 42,C'50 

0020	 Potential Theory 5 5 46,045 19,000 19,000 

0021	 Several Complex Variables 3 3 6,800 4,700 4,700 

0022 Special Functions 8 8 84,507 33,967 33,967
 
Committee 116 6 6 63,537 27,467
 
Committee 107 2 2 20,970 6,500
 

0023 Ordinary Differential Equations 26 25 225,105 75,321 75,321
 
Committee 116 25 24 213,435 72 ,321
 
Corrmittee 107 1 1 11 ,670 3,000
 

0024	 Partial Differential Equations 26 22 186,290 95,904 95,904 

0025	 Finite Differences and Functional 6 6 68,968 34,470 34,470
 
Equations
 

0026	 Sequer.ces, Series, Surrmability 5 5 51,150 31,700 31,700 

"-' 
-.....J 
N 
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FIELD 
CODE 

0027 

0028 

0029 

0030 

0031 

0032 

0033 

0034 

0035 

0036 

0037 

0038 

0039 

0040 

0041 

0042 

004? 

~ 
w 

DESCR IPTI ON 

Approximations and Expansions 

Fourier Analysis 

Integral Transforms, Operational 
Calculus 

Integral Equations 

Functional Analysis 
Committee 116 
Committee 111 

Operator Theory 

Calculus of Variations, Optimal Control 

Geometry 

Convex Sets and Geometric Inequalities 

Differential Geometry 

General Topology 

Algebraic Topology 

Topology and Geometry of Manifolds 

Probability Theory 
Committee 116 
Corrrnittee 107 

Stochastic Processes, General 

Markov Processes 

Applied Probability 

NUMBER OF 
APPLICANTS 

12 

10 

4 

4 

46 
44 

2 

17 

5 

21 

3 

15 

23 

19 

19 

17 
16 
1 

8 

5 

3 

AWARDS 

10 

9 

4 

4 

39 
37 
2 

16 

4 

19 

3 

14 

22 

17 

18 

15 
14 
1 

7 

5 

3 

AMOUNT 
~UESTED 

90,780 

75,041 

30,636 

34,300 

331 ,750 
316,050 
15,700 

149,600 

52,100 

164,875 

17,400 

98,550 

129,797 

120,540 

116,560 

180,960 
168,610 
12,350 

63,525 

31 ,840 

25,540 

GRANTED 

47,658 

36,338 

14,500 

14,000 

111 ,434 
104,434 

7,000 

53,640 

13,653 

84,680 

9,500 

27,952 

47,209 

44,952 

36,288 

69,329 
65,829 
3,500 

29,045 

15,704 

2,500 

GRAND TOTAL 

47,658 

36,338 

14,500 

14,000 

111 ,434 

53,640 

13,653 

84,680 

9,500 

27,952 

47,209 

44,952 

36,288 

69,329 

29,045 

15,704 

2,500 

--1
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FIELD
 
COCF
 

00·,: 

OOl: 

OO'~0 

004"'

CC'4S 

0049 

0050 

0051 

0052 

0053 

0054 

0055 

0056 

tv 
-......J 
.e-

DESCRIPTION--_..__._-

MJth~m?~ical St2ti5t~cS 

Dec i s i or. The:;t'Y 

Distribution - Free Jnd Non Par~netric 

Methcds 

Distribution lheory 

Foundatjon~ of Statlstic~l !nf2renr~ 

Multivariate Analysis 

Techniques of Statistical Inf er-snce, 
Es t ima t i on Testing, S2qL,~,ltia: ?rOCGdUr2S 

Co~(mi P~e 116 
Corrmi ttee 187 

Monte Carlo Methods 

Data Analysis 
Committee 116 
Comn i t tee s 106, 112 

Design and Analysis of Experiments 

Sampl i ng 

Time Series Analysis 

Applications (biometrics, psychometrics, 
econometrics, sociometries, engineering 
statistics, etc.) 

Co 11111 it tee 116
 
Commit tees 104, 107
 

NU~1BER 

~.PP~J(1\;r:-5 

16 

6 

8 

4 

5 

9 

20 

19 
1 

3 

4 
2 
2 

9 

3 

8 

14 

10 
4 

OF 
AWARDS 

14 

6 

7 

4 

5 

8 

17 

17 
0 

3 

4 
2 
2 

9 

2 

6 

10 

9 
3 

At-1OUNT 
~~_J~E5TEQ" 

145,167
 

58,295
 

66,690
 

46,400 

82,399 

99,260 

182,216 

174,36t 
7,854 

24,910 

50,800 
12,820 
37,980 

93,944 

13,250 

28,770 

137,242 

102,662 
34,580 

GRANTE"')---,_ .._. 

41 ,170 

27,758 

21 ,270 

12,606 

43,021 

30,386 

64,771 

64,711 

8,537 

15,551 
1 ,551 

14,000 

19,655 

2,601 

7,301 

52,809 

47,609 
5,200 

GRAND TuiA:'" 
-----,.-~._.-

41 ,170 

27,758 

21 ,270 

12,606 

43,021 

30,386 

64,771 

8,537 

15,551 

19,655 

2,601 

7,301 

52,809 

cn~ 
(')l>
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l> 
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NUMBER OF 
AP PLI C;lil/r S AWARDS----_.

AMOUNT 
REO~~ GRANTED-- GRAND TOTAL 

0057 Numerical Analysis 
Comnittee 116 
Conmi t tee 107 

14 
12 

2 

12 
10 

2 

81,431 
69,021 
12 ,I~ 10 

36,104 
27.604 
8,500 

36,104 

0058 Mechanics of 
COITll1 it tee 

Particles 
115 

olld Systems 
1 1 6,880 3.500 3,580 

0059 Elasticity, Plasticity 7 6 36,380 12,804 12,804 

0060 Fluid Mechanics, Acoustics 
Corr.mittee 116 
Corrmittees 104, 113 

12 
9 
3 

10 
8 
2 

153,580 
120,720 

32,860 

55,552 
44,052 
11,500 

55,552 

0061 Optics, E1ectroma9netic Theory 
Committee 116 
Comni t tee 115 

3 
2 
1 

3 
2 
1 

19,440 
15,320 
4,120 

2,850 
2.100 

750 

2,8:0 

0063 Quantum Mechanics 4 4 59,429 18,700 18,700 

0064 Statistical Physics, Structure of Matter 2 2 9,870 2,200 2,200 

0065 Relativity 
Ccrrmittee 116 
Committee 115 

15 
14 
1 

14 
13 
1 

107,880 
98,880 
9,000 

37.558 
35,558 
2,000 

37,558 

0067 Systems, Control 
Comnittee 116 
Committees 107, 111 

13 
10 
3 

13 
10 

3 

87,643 
59,143 
28,500 

38,968 
17,002 
21 ,966 

38,968 

0068 Information and Communications, Circuits 
Corrrnittee 116 
Comnittees 107, 111 

5 
3 
2 

3 
2 
1 

43,290 
28,500 
14,790 

15,100 
10,900 
4,200 

15,100 

CC)69 Miscellaneous (unspecified) 
COIlTfl it tee 116 
Comr t ttees 107, 113 

14 
12 

2 

13 
11 
2 

197,218 
155,008 
42,210 

79,569 
5,8.569 
21,000 

79,569 

N 
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FIELD 
CODE 

0200 

0201 

0202 

0203 

0204 

0205 

0206 

0207 

0208 

0"220 

0221 

~ 
0) 

Q.ES~B IPTION 

Theury of Compvte t lon 
Cor.mi t tee 107 
Committe2 11E; 

f,U toma ta Theory 
Corrrn it tee 107 
Commi t tee 111 

Artificial Intelligence 
Committee 107 
Commit tee 111 

Pattern Recognitio~ 
Committee 107 
Committees 110, 115, 121 

Analysis of Algorithms 

Numerical Mathematics
 
Conmi t tee 107
 
Conmt t tee 116
 

Computer-Related Discrete Maths
 
COll111it tee 107
 
Committee 116
 

Computer-Related Combinatorial Maths 

Computational Linguistics 

Programming Language 

Programming Language Processors 

NUMBER 
APfLICANTS 

12 
11 

1 

6 
5 
1 

11 
10 

1 

12 
8 
4 

2 

34 
31 
3 

5 
3 
2 

7 

2 

5 

14 

OF 
~WARDS 

10 
9 
1 

5 
4 
1 

9 
8 
1 

8 
5 
3 

2 

34 
31 
3 

5 
3 
2 

4 

2 

5 

13 

~OUNT 

REQUESTED 

130,303
 
124,153
 

6,150
 

82,510 
70,090 
12,420 

192,954
 
155,454
 
37,500
 

175,918
 
137,078
 

38,840
 

23,138 

433,619 
411 ,169 

22,450 

131 ,450 
102,270 

29,180 

107,247 

14,080 

104,520 

251 ,553 

GRANTED 
--~ 

73,fJOO 
57,600 
1 ,600 

57,250 
44,250 
13,000 

69,000 
41 ,000 
28,000 

52,500 
34,000 
18,500 

16,500 

225,603 
220,500 

5,103 

50,503 
48,000 

2,503 

24,500 

5,500 

23,000 

73,000 

GRAND TOTAL 

72.,600 

57,250 

69,000 

52,500 

16,500 

225,603 

50,503 

24,500 

5,500 

23,000 

73,000 
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FIELD NUMBER OF I\to1OUNT 
CODE DESCRIPTION APPLICANTS AWARDS REQUESTED GRANTED GRANO TOTAL 

0222 Data Structures 3 2 56,919 36,000 36,000 

0223 Operating Systems 6 6 163,273 29,000 29,000 

0224 Real-Time Software Systems 3 2 58,716 9,000 9,000 

0225 Software Engineering 7 7 208,601 64,500 64,500 

0230 Computer Organization 5 5 66,515 20,000 20,000 

0231 Computer Systems Studies 11 11 166,118 72,500 72,500 

0232 Computer Communications 1 1 14,600 11 ,000 11 ,000 

0233 Computer Graphics 6 4 201 ,932 22,500 22,500 
Cornmi ttee 107 5 3 199,542 22,000 
Committee 116 1 1 2,390 500 

0235 Computing Aids to Design 4 2 30,133 9,000 9,000 
Committee 107 3 2 23,733 9,000 
Corrrnittee 113 1 0 6,400 

0236 Computing Aids to Instruction 2 0 10,600 

0238 Other Computing Science (unspecified) 4 4 134,835 19,000 19,00 
Commit tee 107 3 3 85,035 15,500 
Corrrnittee 111 1 1 49,800 3,500 

0250 Data Processing 3 1 31 ,660 3,500 3,500 
Committee 107 2 1 21 ,740 3,500 
Corrrnittee 103 1 0 9,920 

0251 File Organization and Management 1 1 42,178 20,000 20,000 

0252 Information Storage and Retrieval 6 5 86,349 40,500 40,500 
Committee 107 4 3 58,204 33,000 
Commi ttees 111, 116 2 2 28,145 7,500 
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Natural language Processing 

Informati on Systerns 

Mathematical Programming 
Conmi t tee 107 
Committees 116, 120 

Network Analysis and Flows 
Corrrnittee 107 
Corrrnittee 113 

Inventory Analysis 

Queueing Theory 
Committee 107 
Cormnittees 116, 120 

Modelling and Simulation
 
Corrrni ttee 107
 
Commi ttees 111, 120
 

Scheduling Theory 

Theory of Games
 
Corrrni ttee 107
 
Committee 11 6
 

Statistical Methods in Operations Research 

Other Operations Research (unspecified)
 
Ccnwi t tce 107
 
Committees 110, 120
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APPENDIX IX 

JOB FORECASTS OF CANADI~~ i1ATHE}1ATICS GRADUATES FOR 1974-1976
 
Provided by Otto Tomasek, Based on the ~1athematics Study
 

Questionnaire
 

Objective 

To forecast the number of Canadian matheflatics graduates (bachelors, 
masters and doctorates) by nature of work and category of employer 
for	 1974-1976. 

Data 

1.	 Job history of Canadian mathematics graduates from survey results 
for the years 1960, 1965, 1970, 1971, 1972 and 1973. The survey 
results for the doctorate graduates were totaled for the 1960-64 
period. 

2.	 The total number of Canadian mathematics graduates for the 1960, 
1965, 1970, 1971, 1972 and 1973. 

Assumptions 

1.	 The results of the surveys are representative of the population. 

2.	 The total numbers of Canadian mathematics graduates are exact. 

3.	 Only graduate's first job will be forecasted. Thus the total 
number of graduates in the labour force for each forecasted year 
will be equal to the forecasted number of graduates for this year. 

Forecasting Techniques 

1.	 Use simple linear regression to forecast the number of mathe
matics bachelors, masters and doctorates in 197{~ - 1976. Time is 
used as independent variable and the number of graduates as 
dependent variable. The average number of doctorate graduates 
was used for t~e periods 1960-64 and 1965-69. 

2.	 Use simple linear regression to forecast the percentage of 
nlathematics graduates by nature of work and category of employer. 
Time is used as independent variable and percentages given by the 
survey as dependent variables. Adjust percentages so that they 
add up to 100% for each forecasted year. 
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3.	 Apply forecasted percentages (found in #2) to forecasted number 
of graduates (found in #1). 

Results 

1.	 The total number of mathematics graduates were all significant at 
the 95% level for the year 1974 - 1976. 

2.	 Host of the forecasted numbers of graduates within each category 
were not significant at either the 90% or the 95% level. 

3.	 Job forecasts are ShOIDl in the attached tables. In each table, 
the numbers in parentheses are row percentages rounded off to the 
nearest integer. The first line of each table "Significant 
Level" indicates whether the forecasts are significantt at 90/~, 

95% level or not significant (NS). 
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APPENDIX X 
EHPLOYHENT OF HATHEHATICS PH. D'S IlJ CAJ.~ADA 

About sixty per cent of the 19772-73 graduates obtained positions in 
Canadian teaching institutions (universities or colleges), while another 
quarter went outside the country to obtain positions. 
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Figure 1 NEW CANADIAN MATHEMATICS PhD's (1972-73) 

The population of Ph.D. candidates declined somewhat: 84 students 
entered programs in 1972-73, while 98 were graduated. The number of 
faculty positions in Mathematics in Canadian universities increased from 
847 to 874. 
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Canadian universities hired 50 new Canadian Ph.D. 'so With an in
crease of only 27 staff positions total (and also competition from 
American and foreign students), it is obvious that net migration to 
other countries or non-teaching occupations occurred. The various 
"f1o"JS" are identified in Figure #2. 
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Faculty changes resulted in a net migration out of Canada, both to 
the U.S. and to other foreign countries. Of the 63 positions given to 
new graduates, 50 (79%) were filled by Canadians. 

Twenty-four Canadian Ph.D.'s obtained positions outside Canada, of 
which only 4 were in the United States. Conversely, American graduates 
received 13 positions in Canada, while no non-American foreign new 
Ph.D. 's received Canadian positions. 

4 20 

13 o 

The following table indicates percentages for the country of 
graduation for different faculty positions: 

Position Canadian American Other N 

Professor 25.0 35.6 39 . t~ 180 

Professor and 
Chairman 36. !~ 5L~ • 5 9.1 11 

Associate Professor 33.1 37.6 29.3 242 

Assistant Professor 43.7 44.9 11.4 242 

Post-Doctoral 21.4 23.8 42 

The percentages listed are for 1973-74. In the previous year, 40.7% 
of assistant professors and only 22.2% of post-doctorals were from 
Canadian institutions. In 1972, 4 of 18 visiting assistant professors 
were from Canadian Ph.D. programs, while in 1973, 11 of 23 were from 
Canada. 

vfuile slightly more faculty members received their Ph.D.'s from the 
U.S. than Canada, this is not true for recent Ph.D.'s. For faculty 
members who received their Ph.D. 's between 1970 and 1973, 165 received 
their degrees in Canada, 99 in the United States, and 25 outside Canada 
and the U.S. For all the major faculty positions in 1973-74 (Professor, 
Associate, Assistant, Lecturer, Post-Doctoral, Visiting Assistant) of 
those faculty members who graduated after 1969, the majority graduated 
from Canadian institutions. 
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The year of graduation for Canadian faculty broke down as follows: 

Table 1: Year of Graduation of Canadian Faculty 

Year of Graduation N Percentage 

1970-73 301 32.8 
1965-69 316 34.4 
1960-64 137 14.9 
1955-59 67 7.3 
1950-54 46 4.9 
1945-49 20 2.2 
1940-44 10 1.1 
1935-39 10 1.1 
1930-34 9 0.9 
1925-29 3 0.3 

If an average "teaching life" of twenty-five or thirty years is 
assumed, only a small percentage of the population will approach the 
retirement point in the near future; the 1973 retirement figure of 4 
people is probably representative of how large this figure will be for 
some years to come. 

These statistics have been obtained by Douglas Baer and Professors 
Sydney Bulman-Fleming, Henry Crapo, and Edward \Jang at the University of 
Waterloo and \Jilfrid Laurier University. A copy of their complete 
report, five pages in length, and containing the usual warnings about 
incomplete data, has been mailed to the Chairman of each department 
participating in the survey. Additional copies may be requested from the 
Department of Pure l~thematics, University of Waterloo. 
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APPENDIX XI 

Contributions to the Study 

Here we list the names of those individuals who helped the Mathemat

ics Study by writing letters or briefs concerning some aspect of the
 
situation of mathematics in Canada. All of them have been carefully
 
studied by the Director and Assistant Director of the Study. From
 
them we derived many of the concrete suggestions which are to be
 
found in the body of the Study. The fact that so many individuals
 
took a great deal of trouble to express their views convinced us of
 
the timeliness of the Study, and creates in us the hope that the
 
recommendations in the Study will be given serious consideration and,
 
where deemed appropriate, acted upon.
 

Briefs from Individuals
 

Adams, R.A. Allan, G.F.
 
Department of Mathematics Actuary
 
University of British Columbia Standard Life Assurance Co.
 

Altmann, A. Anthony, E.H.
 
Department of Modern Languages Department of Zoology
 
Simon Fraser University University of Guelph
 

Antonelli, P. Arms trong, K. ~-J.
 

Department of Hathematics Bachelor of Education Program
 
University of Alberta University of Winnipeg
 

Baggs, I. Banachewski, B.
 
Department of t~thematics Department of Mathematics
 
University of Alberta McMaster University
 

Barr, M. Bartlett, H.
 
Department of Mathematics Operations Research Division
 
McGill University Air Canada
 

Beaumont, C.F.A. Beck, J.S.
 
Faculty of Hathematics Faculty of mathematics
 
University of Waterloo University of Calgary
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Blackwell, J. 
Department of Applied l1athematics 
University of Western Ontario 

Boeckner, R.G. 
Actuary Crown Life 
Insurance Co. 

Brown , J.D. 
Faculty of Engineering 
University of Western Ontario 

Bulman-Fleming, S. 
Faculty of Mathematics 
University of Waterloo 

Campbell, L.L. 
Department of Hathematics 
Queen's University 

Chess, G.F. 
Faculty of Engineering Science 
University of Western Ontario 

Crapo, H. 
Faculty of Nathematics 
University of Waterloo 

Davis, C. 
Department of Mathematics 
University of Toronto 

Demirdache, A.R. 
Director 
Ministry of State for Science 

and Technology 

Dobell, A.R. 
Quantitative Analysis Course 
Treasury Board Secretariat 

Eames, H. 
Department of Hathematics 
Lakehead University 

Bliss, L.C. 
Department of Biology 
University of Alberta 

Bromley, D.A. 
Department of Physics 
Yale University 

Browne, P. 
Alcan 
Africa 

Butz, E. 
Department of l1athematics 
University of Alberta 

Chaudry, M.D. 
Department of Pol. & Eco. Science 
Royal Hilitary College 

Colgan, P. 
Department of Biology 
Queen's University 

Cross, G. 
Department of Mathematics 
University of Calgary 

Davis, J. 
Department of t~theTIatics 

Queen's University 

Derome, J.R. 
Departement de Physique 
Universite de Hontreal 

Elrick, D.E. 
Department of Land Resource Science 
University of Guelph 

Fahidy, T.2. 
Department of Chemical Engineering 
University of Waterloo 
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E~den, B.
 
Past·President
 
British Columbia Teachers Assoc.
 

Ferguson, G.A.
 
Department of Psychology
 
McGill University
 

Gold, A.G.
 
Department of Mathematics
 
University of Windsor
 

Gratwick, J.
 
Vice President
 
Canadian National Railways
 

Hellinell, J.
 
Department of Economics
 
University of British Columbia
 

Hermance, C.E.
 
Dep a r t men t of l1echanical Eng.
 
University of Waterloo
 

Hunka, S. 
Faculty of Education 
U~iversity of Alberta 

Kaluzniacky, E. 
Faculty of Administrative Studies 
University of ~~nitooba 

Kennedy, D.E. 
Department of l1athematics 
University of Victoria 

Laird, P.G. 
Department of tfuthematics 
University of Alberta 

Lewis, T. 
Department of Mathematics 
University of Alberta 

Friars, G.\v. 
Department of fulinal & Poultry Science 
University of Guelph 

Graham, G.A.C. 
Department of !futhematics 
Sinon Fraser University 

Harrop, R. 
Department of Hathematics 
Simon Fraser University 

Heuser, M. 
Department of Mathematics 
Vanier College 

Roechsman, K. 
Department of Mathematics 
University of British Columbia 

Husain, T. 
Department of Mathematics 
McMaster University 

Karvellas, P.R. 
Deparment of Elect. Eng. 
University of Alberta 

Kretzschmann, M.H. 
Superintendent of Camp. Systems 
Falconbridge Nickel Hines Ltd. 

Lamperti, J. 
Department of Mathematics 
Dartmouth College 

McCartney, J.R. 
Institute for Aerospace Studies 
University of Toronto 

HcQueen, C. 
Departement des Mathematiques 
Universite Laval 
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I1cLaren, K. 
Department of Mathematics 
Pickering College 

HcTaggart-Cowal1., P.D. 
Executive Director 
Science Council of Canada 

Hanohar, R. 
Department of Mathematics 
University of Saskatchewan 

Matthieu, L. 
Actuary 
Alliance compagnie mutuelle 
d'assurance-vie 

T:1ewhort, D. J . K. 
Department of Psychology 
Queen's University 

ailner, E.C. 
Department of Mathematics, 
Statistics & Computer Science 

University of Calgary 

Hoore, J.C.G. 
Department of Geology 
MOunt Allison University 

Nor t hove r , F. 
Department of Mathematics 
Carleton University 

Ogilvie, J.C. 
Director 
Institute of Applied Statistics 
University of Toronto 

Pielou, E.C. 
Department of Biology 
Dalhousie University 

Hacki, J. & Huldowney, J.
 
Department of Mathematics
 
University of Alberta
 

~'1arzec, L.
 
Department of Mathematics
 
Hohawk College
 

l1ethot, J.C.
 
Department of Chemical Eng.
 
Laval University
 

Hiller, D.R.
 
Department of Biomathematics
 
NRC Laboratories
 

Hoore, E. 
Faculty of Engineering and Applied 

Science 
Memorial University 

Horrison, F.E. 
Associate Research Officer 
Ottawa Board of Education 

Nuttal, J. 
Department of Physics 
University of Western Ontario 

Park, E.C. 
Department of Math., Stat., and 

Compo Science 
University of Calgary 

Probert R.L. 
Faculty of Commerce 
University of Saskatchewan 

Ridge, H.L. 
Faculty of Education 
University of Toronto 
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Ric.hardson I. It! • 
Faculty of Medicine 
Dalhousie University 

Roach, H.R. 
Department of Biophysics 
University of Western Ontario 

Robinson, P. 
Department of Communication 
Government of Canada 

Routledge, L. 
High School }mthematics Teacher 
Dartmouth, Nova Scotia 

Royce, J.R. 
Centre for Advanced Study in 
Theoretical Pschology 

University of Alberta 

Scharff, A.R. 
President 
Montreal Actuaries Club 

Scroggie, G.A. 
Educational Officer 
Ontario llinistry of Education 

Servranckx, R. 
Department of Mathematics 
University of Saskatchewan 

Smith, W.R. 
Department of Mathematics 
Dalhousie University 

Stauffer, A.D. 
Faculty of Science 
York University 

Tan, P. 
Department of Hathematics 
Carleton University 

Robinson, G. de B.
 
Department of Mathematics
 
University of Toronto
 

Rollerson L.G.
 
Actuary
 
Crown Life Insurance Co.
 

Routledge, R.
 
Department of Biology
 
Dalhousie University
 

Rutherford, J.R.
 
Dupont (Canada) Ltd.
 
Kingston, Ontario
 

Schneider, H.G.
 
President
 
National Research Council
 

Selby, K.A.
 
Department of Civil Engineering
 
University of Toronto
 

Smith, J.T.
 
Department of Mathematics
 
Queen's University
 

Sprott, D.A.
 
Faculty of Mathematics
 
University of Waterloo
 

Sterling, T.D.
 
Director
 
Computing Science Program
 
Simon Fraser University
 

Taylor, J.
 
Department of Mathematics
 
McGill University
 

Tonks, R.S.
 
Director
 
College of Pharmacy
 
Dalhousie University
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Taylor, P.D.
 
Department of Mathematics
 
Queen's University
 

Turner, R. 
Department of Mathematics 
University of Alberta 

Van Brummelen, H. 
Principal 
Edmonton Christian High School 

Voorhees, B.R. 
Department of Mat~ematics 

University of Alberta 

'\fueeler, D.
 
Education Solutions Inc.
 
l~el;v York
 

Hilson, P.
 
Canadian Natiunal Railways
 

Hoods, R.G. 
Department of ~~thematics 

and Astronomy 
University of Manitoba 

Worthington, A.G. 
Department of Psychology 
Trent University 

Ursell, J. 
Department of l1athematics 
Queen's University 

Vogt, E. 
Depart~ent of Actuarial and Business 

Science 
University of Manitoba 

\Jehlau, v. II. 
Department of Astronomy 
University of Western Ontario 

Hilliams, H.R. 
Department of l~thematics 

Simon Fraser University 

Hilton, R.C.
 
Actuary
 
Dominion Life Assurance Co.
 

Hoodside, W.
 
Department of Mathematics
 
Queen's University
 

Wright, G.P.
 
Department of Hathematics
 
University of Ottawa
 

Youngman, A.
 
Oakwood Collegiate Institute
 
Toronto, Ontario
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