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PREFACE

Ontario is a province of more than 7,500,000
people with fourteen provincially-assisted univer-
sities. Nine of these institutions grant degrees in
engineering, while two of the others offer the
first two years of engineering, and both have
indicated a desire to add the remaining two years
in order to be able to award engineering degrees.
The remaining three institutions do not provide
any instruction in engineering. Prior to the tnie-
1050s, there were only two engineering schools
in the province, and the increase in the number
of schools has occurred over the past fifteen years
at a pace that has precluded any system planning.
As we move into the 1970s the need for rational-
ization has become critical.

At the request of the Committee of Presidents
of Universities of Ontario (CPUO) , the Coin-

inittee of Ontario Deans of Engineering (CODE)
developed a proposal to conduct a study of engi-
neering education in Ontario. It was to cover
both the undergraduate and graduate fields, and
examine student flows, curricula, research, staff,
facilities and costs with a perspective developed
from an analysis of the career patterns of engi-
neering graduates. The objective was to create a
master plan which might be used as a guide for
rational growth of engineering education during
this decade. Such a plan should endeavour to
provide for the highest attainable quality, the
best use of resources, an opportunity for innova-
tion, and maximum freedom of choice for
students. A twelfth engineering school, the Royal
Military College of Canada, although funded
entirely by the federal government, was included
in certain aspects of the study.
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Work comment cd in October of 1969. with
the appointment of a full-time dim for under the
guidam e of a liaison committee representing
CPUO and CODE Next, a study group was
formed. Two of the group arc engineers, one
from indostry with an aerospace engineering
background (the director) , and the other with
an academic and research backgromul in chem-
ical engineering the former Dean of Engineer-
ing at NI( Nlasier University. Between them. they
cover a broad spec trom of engineering and
scientific disc iplines. Lt order to «mtribute a
balancing viewpoint from another profession, the
third member of the group is a non-engineer,
%id' a backgmmul of university administration:
the former president of the University of New
Brimsick.

Iu consultation with the enginceling schools.
a questionnaire was developed, calling for the
generation of data from each university. In addi-
tion. a brief was received from the Association of
Professional Engineers of Ontario. These slibmis-
sions formed the basis tip or which many of the
recommendations have been developed. The
study group travelled extensively 132 organiza-
tions were visited in Canada, the United States
and Europe. and informal hearings were held at
each Ontario university. when members of the
study group spoke with students, facility and staff.
More than three hundred students were involved
in these discussions. and a separate student Tics-
tionnairc provided a variety of viewpoints from
several hundred more,
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The study group is indebted to those who
contributed so notch tittle and eliott to this study
They arc too inimerons to mention
but many of them will recognize passages in this
report. We would ask them to treat this discovery
as conveying a message of thanks, Nevertheless,
the study group accepts full responsibility for the
way in which the information is presented and
for the specific recommendations. We wish to
at knowledge the contribution of the stall at
CPUO, who gave countless limns to the compila-
tion and pro( essing of data, and our spe
cial thanks to the Committee of Presidents of
l'uisersiiies of Onto io Ior publishing the thrt.e
auxiliary documents containing our sour«. mate-
vial. Also, we wish to acknowledge our gratitude
to the studv group set retary. Mrs. Joan Barnes.
who put in long and hard hours of work in the
preparation of the manuscript. Our thanks are
also due to Mrs. Barbara Brougham. who edited
the report and oversaw its produt non. and to
Miss Valda Steet, who did the art work.

The director would like to convey his deep
appreciation for the warm spirit and friendly
.-app tirt that has developed within the study
group. In spite of diverse backgrounds and
personalities, its members reached accord on
every major issue -- there is no minority report.
The sensitivity, sincerity and enthusiasm of Dr.
Hudgins and the perception and Nlaritime wit
of Dr. Mackay made it a pleasure for the director
to work with these two gentlemen.
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GRANDSONS OF MARTHA

"It is their care, in all the ages, to take
the buffet and cushion the shock.
It is their care that the gear engages
it is their care that the switches lock...."

Rudyard Kipling,
"The Sons of Martha"

This is to be a report about our most precious
resource: young people. In particular, it is a
report about young people just catering a crucial
phase in their lives, as they complete secondary
school, make firm career decisions, and set their
courses for professional education. In the devel-
opment of this study, we talked with many such
young people; we have argued, laughed, agonized
and agreed with them, we have listened to them
and learned from them. We have discovered that
the engineering student in Ontario is committed,

1/

cooperative and constructive. He does not want
to burn down the classroom, but is eager to assist
in improving what goes on inside it. He is devel-
oping a .ocial consciousness far more rapidly
than most of hi, teachers, and believes that engi-
neering education should mirror this awakening.

For the chronology of this report, it seemed
appropriate to begin with the day of graduation
iron, secondary school in June of 1970. What a
vastly more peylexing day this was than the
corresponding day in 1950. Now, almost all of the
environment is in the throes of rapid change
society, technology and education itself; a work-
able set of value judgments is not easy to devise
in the 1970s. To us it seems important, at the
outset, to try to sketch some of the background
against which these value judgments are made,
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and against which expectations and aspirations
arc developed. First, we need a student for whom
we can provide a fairly clear personality and
aptitude description; we shall call him/her Jean
(French- or Anglo-C:anadian) .

Jean is 18 years old and comes from an average
Ontario family. He likes to work with his hands,
and though not intensely materialistic, has a
pragmatic outlook on life. Possessed of a natural
aptitude for mathematics and science, he gradu-
ated from high school with averages of over 70%
in those subjects. He round little diflicutly in
deciding between science engineer ing and arts-
social sciences. There was the aptitude in mathe-
matics and sciences everyone had underscored
that as a necessary attribute. Then, there was the
lack of any real interest in high sc.'iool English
courses, and a lack of ability in foreign language
studies.

The decision between science and technology
was more difficult. In high school he knew more
about science. oecause few teachers were. engi-
neers and . there was little technology in the
curriculum, and many of those in guidance
tended to describe engineering as it existed in the
1940s. To remedy this situation, the Committee
of Ontario Deans of Engineering has commis-
sioned the preparation Of a series of audio- visual
presentations for the use of Ontario high school5
in 1971 too late for Jean. But our student's
desire to see his ideas translated into something
tangible and practicable is a strong- one, and so
the motivation to apply science to a practical end
finally swung his decision in the direction of
engineering.

One need not belabour the social implications
of engineering in the final third of the twentieth
century. It is awesome to contemplate its poten-
tial for good and evil which has, within a single
generation, revolutionized transportation and
communication while creating the threat of
instant oblivion. Ontario society in the 1970s
is showing all the stresses produced by too
rapid economic expansion and too little socio-
economic planning to much emulation and
too 1 innovation. After a brilliant perfor-
mance throughout the years of war, Ontario's
technology is now strangely unadventurous, as
risk capital outweighs risk thinking, and industry
takes most of its cues from beyond our borders.
Anyone adept at extrapolation surely would
be confounded by the present entrepreneurial
torpor.

This state of affairs affects the match between
Jean's aspiratirns and the realities of his engineer-
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mg career. The youth of today is both idea1;,tic
and sophisticated and 1111(15 it difficult to under-
stand why such an ;diluent province fails to use
its engineering resources in a more imaginative
way. Jean has a real sensitivity towards the social
implications of engineering and expects his
education to relate technology to life style, pro-
fessionalism to humanisni. He wonders why
Canadians responded so magnificently tc. the
emergencies of ivar, but so sluggishly to the chal-
lenges of peace; he is determined to improve the
situation.

Jean finds the prospect of engineering ex,iting
and challenging, but btwi!ilering in the enor-
mous variety of careers aNailable to the engineer-
ing graduate. For one th:ng, there is ar, increasing
body of opinion that engineering represents a
splendid background for a 'iberal education,
since an understanding of technology is an under-
standing of one of the riost important social
forces of this generation. Thus, many students
who do not intend to practise engineering elect
it as a fundamental education for careers in
teaching, medicine, law and business.

For those who intend tc practise the profession,
two types of careers are admirably served by an
engineering education:

(1) The first is, of course, a full career in "hard
engineering", which concentrates on the
translation of the principles of science into
the satisfaction of the needs of man by
devices, structures, vehicles or processes.

(2) There is a rapid increase in the number of
engineers who take positions in management
at all leveis. Indeed, statistics demonstrate
quite clearly that the majority of engineers
follow this path out of their early techno-
logical employment.

Of course, the vagaries of opportunity, of social
influences, and of general temperamental devel-
opment will shape Jean's decisions and the
pattern of his career. Nevertheless, it may be
worthwhile to summarize the activities in which
engineers do engage, so that he may cross-check
this fist with the most probable source of employ-
ment in each (Table 1-1) .

Such a list may be incomplete, but it under-
scores the varied opportunities provided by an
engineering education a fact chronically and
emphasized in guidance advice, which too oftta
appears to be woefully ineffectual and outdated.
As Jean proceeds in his course, he will begin to
identify his talents, and to match them up with
opportunities for exploiting them.



What is the state of engineering in Ontario as
we move into the 1970s? There is a hesitation in
the growth of engineering enterprise, resulting
from the present North American economic
slump, together with the accompanying wide-
spread inflation ail i high cost of risk capital.
Many Ontario executives, already chronically

Table 1-1

ENGINEERING ACTIVITY

Govern-

X

X X
X X

X X

Type of Engineering Activity Industry ment

1. Design X
2. Systems Analysis and

Synthesis X
3. Physical analysis X
4. Project

Management:
A) Technical

control
(B) Cost Control
(C) Time Con tro

5. Business
Management
(technical

endeavour) X
6. Industrial

Management: X
(A) Productivity
(B) Marketing
(C) Labour
(D) Resources

men, money,
materials)

7. Information
Management:
(A) Data storage,

retrieval
(B) Pattern

recognition
8. Ma intenin.ce

engineering X
9. Reliability

engineering X
10. Value engineering X
11. Test Engineering X
12. Quality control X

(quality assurance)
13. Operations research X
14. Production

engineering X
15. Specification

engineering X
(components,
materials, systems)

Self-
employed
(including

Univer- consul-
sity tants)

X

1 Grandsons of Martha

16. Research
engineering X

17. Research
management X

18. Project or process
engineering X

19. Teaching X
20. Administration X

(expediting,
con tracts)

21. Technical sales X
22. Technical Marketing X X

X X X

X X X

22 18 10 15

conservative, have ieireated to custodial roles,
beset as they are by sharply rising labour costs;
as a result, innovation is in the doldrums at a
time when it is most urgently needed. And yet, in
the spring of 1970, there was a brisk market for
engineering graduates at salary levels slightly
better than in 1969.

Ontario is in the midst of a move towards
industrial sophistication, and so it is reasonable
to expect that the market for engineering gradu-
ates certainly will be sustained and probably will
improve during the years of the present decade.

X X Not only is the outlook attractive quantitatively,
but there has been a sharp improvement in the

X X quality of professional careers which will, if
anything, intensify when innovative activity
again picks up its pace.

The rate of developmen' for science-based
industry poses one of the moss. difficult questions
relating to this study. Most engineering deans
were far too optimistic in their views as to the
speed at which sophisticated engineering activity
would emerge in the sixtits, and this optimism
has been reflected in the nature of the engineer-
ing programs in our universities. The accuracy of
these predictions for the next ten years will have
a strong bearing on the success of this report, the
main purpose of which is to recommend an edu-
cational mute by which our young people can
develop into ,,itizens who will be at ease with
':heir environment, and equipped to contribute
to the quality of life during the balance of this
century.

With the population density now reaching a
X X point where people are posing a significant threat

to the environment, it is clear that over the next
decade, an increasing number of engineers must
find careers in the broad area of ecological stabili-

X X zation and reclamation. Increasingly, they will be
drawn into problems working with biologists,
sociologists, economists and politicians. They will

X X X

X X

X

X
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be confronted with socio-economic decisions as
to the balance between economic gain and social
depreciation, between capital expenditure and
the enhancement of life of the individual. Many
engineers will have to learn to function as mem-
bers of interdisciplinary teams, and will require
a broader education in the life sciences and the
social sciences in order that their technological
decisions will have the desired social impact.

As technology has become a major and fre-
quently irreversible social force, the need has
developed for a new kind of liberal education
one grounded in technology, rather than one
based on the arts as in the more leisurely and
contemplative days of Cardinal Newman. Sir
Eric Ashby has said:

In order to adapt itself to an age of techno-
logical specialization, the university must use
specialist studies as the vehicle for a liberal
education. Indeed, what is needed is nothing
less than a revision of the idea of 1 liberal
education. The Oxford Dictionary defines
liberal education as education fit for a gentle-
man. That is still ar acceptable definition; it
is the idea of the gentleman which has
changed. A century ago, when Britain awoke
to the need for technological education, a
gentleman belonged to what was called the
leisured class. The occupations of his leisure
did not require any knowledge of science or
technology. Modern gentlemen do not belong
to the leisured class. Many of them work some-
thing like a seventy-hour week, and more and
more of them are finding that their business
requires expert knowledge. Even members of
the House of Lords are called upon to make
decisions about radio-active fall-out, over-
heating during supersonic flight and the stron-
tium content Of human bones. Senior civil
servants have to deal with highly technical
policy... Even such a gentlemanly subject as
the state of the River Thames cannot be
understbod without some knowledge of oxida-
tion and reduction, detergents and the bio-
chemistry of sewage.t

This statement, written in 1959, was prophetic
of the current situation in Ontario.

Unfortunately, faculties of humanities and
social science have failed to include within a
liberal education our most profound sociological
force. To a question asked on every campus in
this province, we uncovered only a single instance
where a Dean of Arts had requested a course from
the faculty of engineering! It seems clear that in
this decade a new type of liberal education must
develop, with engineering as its core, as suggested
by Ashby; it will have its genesis in our engineer-
ing schools. Equally important, this will provide
'Eric Ashby, Technology and the Academics (New York; Macmillan
Co. Ltd., 1959), p. 81.

4

a favourable environment in which to develop
courses in technology, designed specifically for
students in the humanities and social sciences.

The history of technology is a brief one, and
has evolved in three distinct phases. As man
became less of a nomad and more part of a com-
munity, his earliest demand was for materials
for clothing and housing to protect him from the
elements, for tools to till the earth and to kill his
quarry. Much later he developed skill in the con-
version of energy to provide light, to heat his
living,,space, and to power his engines. Then very
recently, in a mere two decades he has become
much more sophisticated about the management
of a third commodity: information.

The management of information has been a
triumph of engineering accomplishment since
1950 in the discrimination, collation, and cal-
culation by computers, in the transmission of
messages with great speed and over great dis-
tances, and in the retrieval of relevant informa-
tion from a burgeoning stockpile. Over the
present decade we should see engineering schools
specializing in the discipline of information
systems engineering, newest and possibly the
greatest accomplishment of technology, for it
includes such elements as computer technology,
communications, systems analysis and network
synthesis.

The foregoing paragraphs have been written
in an attempt to try to underline the trends that
must be taken into account if Jean is to receive
a reasonable basis of education for a life that will
extend into the second millennium. We say "basis"
because the winds of change are whistling round
his ears, and his education must be a lifelong
process, with frequent mid-course corrections, as
technology and social mores evolve.

This study was initiated in response to a recog-
nition that the development of engineering
education must follow some charted course and
not merely meander. Today, the atmosphere of
technological and social change is so vigorous that
powers of prospection have limited horizons and
retrospection becomes steadily less useful. There-
fore, the current study should be the forerunner
of a continuing corrective mechanism, to be
updated at frequent intervals perhaps every
five years. This brings into slurp focus the neces-
sity of implementing changes as quickly as
possible. Inertia and lag are characteristic of
educational change, and the need now is for
incisiveness, as the second derivative of change
the rate at which change occurs is steadily
increasing.



The elements of a plan for engineering educa-
tion are numerous and complex. They comprise
what a systems engineer calls a highly interactive
system, and must include the mutual influences
of at least eight groups:

(I)
(2)

(3)
(4)

(5)
(6)
(7)
(8)

Students,
Teac hers,
University,
Engineering profession,
Employees,
Community,
Economy,
Society at large.

This list represents twenty-eight interfaces
which make up the substance of this report. At
this point, it would be futile to ask all the ques-

1 Grandsons of Martha

tions that had to be answered they are better
treated in the chapters that follow. In an attempt
to provide answers, the study group employed a
broad spectrum of resources, and met with
hundreds of students, educators, employers and
practising engineers. The number of data assem-
bled is prodigious, and probably it is worth
repeating that this report is principally about the
student, in spite of a mountain of statistics
tending to blur that fact: the quality of Jean's
education experience must be our primary con-
cern. From the conversations we have had with
engineering students, we are convinced that any
contribution that can be made to improve
their educational experience will be abundantly
repaid, because their development as profession-
als will have such an impact on the society about
them.
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THE THRESHOLD

The atmosphere of rapid change in the educa-
tional patterns of Ontario has a particularly
strong influence upon its engineering facu!ties,
because engineering education depends so heav-
ily on prerequisite knowledge. One of the
difficulties that faced the study group was the
development of admission criteria compatible
with the credit system now evolving in the high
schools. Other professions do not have this prob-
lem to the same degree. Medicine and law are
studied as post-baccalaureate programs, while
dentistry and theology deal to a large extent with
subjects encountered for the first time at the
university level. Even undergraduate courses in
humanities and social sciences should be less
affected by the new curricular developments.
This leaves science and engineering as the two
most vulnerable divisions of university work.
When one considers the extent of this vulnerabil-
ity, and the direct influence of engineering gradu-
ates on the environment and on the economy,
6

one cannot help but be dismayed by the negli-
gible amount of communication that existed
between the Ontario Department of Education
and the Committee of Ontario Deans of Engi-
neering. It is this lack of communication that
is the source of our dilemma.

The secondary schools of Ontario have begun
to phase in a new educational pattern with more
local responsibility for curricular content, and a
system of credit assignment that will permit a
broader choice of paths to the secondary school
Honour Graduation Diploma. It is predicted that
over the present decade the percentage of high
school graduates entering university will rise
from about 21% in 1970 to over 30% in 1980.
At the same time, the proportion of high school
students electing physics and chemistry has been
dropping (Figure 9-3) , while registration in the
life sciences has been increasing. In all likelihood
this trend will continue for a number of years
before levelling off.



Since 85% of the undergraduate engineering
students come from the Ontario secondary school
system, there will be only a very gradual increase
in the number of potential engineering students
if engineering schools continue to require physics
and chemistry at the senior level as criteria of
admission. The results of a study on the probable
demand for engineers up to 1980 are presented
in Chapter 9 (page 55) . It is clear from these
figures that if the supply of engineers is to meet
the demand over the next ten years, changes
will have to be made in the requirements for
admission.

The new, less-structured secondary school cur-
riculum should produce graduates who are more
broadly educated, and who have achieved a
clearer grasp of the kind of value judgments they
will be called upon to make in the future. But
the very nature of such improvements the
wider spectrum of choice presented puts a
special emphasis upon the skill and judgment of
guidance counsellors; there is little evidence to
suggest that they are equal to the task. Indeed,
there appears to be a general feeling among
secondary school graduates that guidance pro-
grams have been ineffectual even in the simpler
days of rigid academic programs. Therefore,
there is room for considerable concern over the
possibility that students may be improperly
directed in secondary school, and so reach gradu-
ation with an assembly of credits inappropriate
to current engineering admission standards.

The faculties of engineering will face three
choices:

(I) Retain the present requirements of physics,
chemistry and mathematics. This would
result in a rate of rise in the number of
graduating engineers which is less than the
rise in demand. As the shortage of engineers
becomes more severe, probably some correc-
tion will occur to restore the balance, but
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there could be a considerable lag before it
takes place.

(2) Adopt admission requirements in the direc-
tion of fewer specified subjects, while
maintaining an appropriate standard of
performance. This would make it possible
for more students to enrol in engineering.
but most certainly will result in higher fail-
ure rates in the freshman year. Again, a
correction should occur with developing
experience.

Make vigorous representations to the Minis-
ter of.Education, with a view to illustrating
the impact of the new system on engineering
education.

The study group has come to the conclusion
that the best course to follow is to develop rela-
tively unstructured admission criteria. Mathema-
tics at a senior level must continue to be specified,
since it is the unifying discipline of all engineer-
ing. Therefore, we recommend that:

(2:1) beyond senior mathematics the secondary school
Honour Graduation Diploma should be a sufficient
requirement, set at a level of performance decided
upon by the faculties of engineering, who must become
increasingly dependent on their own evaluation of
secondary schools in their districts, and upon the
anecdotal report of the principals.

Such a recommendation raises the spectre of the
university being forced to provide elementary
chemistry and physics, when already there is too
little time available in the curriculum. This is not
the intent, and it should soon become clear to
engineering aspirants that without physics and
chemistry their chances of success are in jeopardy.
But it will permit entry to able students who
have received improper guidance, or who have
changed their career plans. It is encouraging that
high school principals and guidance counsellors
have expressed to the study group an interest in
receiving feedback on the performance of their
graduates.

(3)
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"They push 1st year buggers like a herd
of mooses."
Response from a Waterloo student.

In Ontario there are eleven provincially-
assisted faculties of engineering, and one, the
Royal Military College of Canada, that is fully
supported by the federal government. This latter
institution has been included in some aspects of
our study and a recommendation will be made
with respect to it. However, the main focus of
attention will be on the other eleven, which fall
into three categories of size, based upon enrol-
ment figures for 1969-70:
University Undergraduate

Enrolment
Graduate

Enrolment
Total

Enrolment

Waterlooa 2,349 456 2,805
Toronto 2,199 625 2,824
Queen's 1,360 168 1,528
Carleton 538 115 653
McMaster 504 184 688
Western 442 79 521
Windsor 401 87 488
Ottawa 369 156 525
Guelphb 157 23 180
Lakeheadc 158 158
Laurentiand 51 51---
TOTAL 8,528 1,893 10,421

(a) Operates on cooperative scheme.
(b) Offers program in agricultural engineering only.
(c) Offers first and second year only in degree program; engineering

technology students also included.
(d) Offers first and second year only in degree program.
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In the fall of 1969, a draft questionnaire was
drawn up to be answered by the Ontario engi-
neering schools. This was subjected to a review
by each dean of engineering in order to assess
its appropriateness, and a revised version was
sent to each faculty of engineering, for response
by April 15, 1970. From then until July 1, hear-
ings were conducted by the study group with
every engineering faculty in the province.

To obtain information about engineering
educational philosophy in Europe, the director
visited institutions in Germany, France, Sweden
and Great Britain. Other Canadian campuses
visited were the University of British Columbia,
University of Alberta, University of Saskatche-
wan, University of Manitoba, Brock, Trent and
York Universities, Ecole Polytechnique, Univer-
sity of New Brimswick, Nova Scotia Technical
College, and Memorial University of Newfound-
land. In the United States we visited the Univer-
sity of California at Los Angeles, Berkeley and
Irvine, Stanford University, Harvey Mudd Col-
lege, Dartmouth College, the State University of
New York (Buffalo) , and M.I.T. Although the
effect of so many visits and shades of opinion is
somewhat kaleidoscopic, the study group believes
the opinions which it has been able to develop
were formed against an unusually broad back-
ground of information.

On the basis of this study, it can be stated
with confidence that the engineering undergrad-



uate in Ontario is being afforded the opportu-
nity to graduate as a good engineer. While there
are variations in the cost of different programs,
and in the emphasis on graduate studies and on
the degree of industrial and professional involve-
ment, at the same time, there is an encouraging
sense of purpose and enthusiasm on the part of
both faculty and students. Indeed, a matter of con-
cern to the study group is the impression that
the differences among these schools are not signi-
ficant. A wider spectrum of educational philoso-
phy and technique is evident within a radius of
seventy-five miles in the State of California than
throughout the entire province of Ontario. Such
a sameness cannot be blamed on the present
system of financing, because these faculties came
into being prior to the birth of the Basic Income
Unit. Nevertheless, the interpretation of the sys-
tem of formula financing adopted by several
universities has militated against innovative
breakthroughs in teaching or the development
of new lines of endeavour.

Formula financing in Ontario has as its aim
the determination of income for each campus,
not the establishment of guidelines for expendi-
ture within the university. Some universities
have adhered strictly to these terms of reference,
but others have allowed the head-count to deter-
mine the operating budgets of faculties or even
for the smaller subdivisions. This type of "deci-
sion by head-count" can represent an evasion of
responsibility by those who should make strong
decisions about educational philosophy and
policy, and can become a stultifying influence in
planning and development. It is ironic that the
features that make some schools stand out from
the group almost invariably are financed other-
wise than by the Department of University
Affairsusually by a division of the Government
of Canada or a granting agency in the United
States.

This report opened with the statement that it
was about students, and at this point it is appro-
priate to turn back to our primary concern. In
the course of our interviews, we talked to several
hundred potential engineers, and came to appre-
ciate that they had this common characteristic:
an eagerness to improve the system. The most
persistently voiced complaint has been a disap-
pointment with the first two years of their
university experience; they find the course unim-
aginative and lacking in opportunity for personal
innovation. This feeling is most intense in those
schools which have a common first year with
science. The study group recommends that:
(3:1) innovative opportunity in the form of design
should be brought into first-year engineering pro-
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grams, despite the elementary character of the
design examples. The gain in motivation and
morale would amply repay the expenditure of
time.

We talked a good deal about the general edu-
cation afforded by engineering studies. The
upsurge in students' concern for the quality of
life, and the intensity of their social commitment
appears to be more than a passing phase, and
attention must be paid to the demand for more
meaningful education in the humanities and
social sciences. General dissatisfaction was ex-
pressed over the content and presentation of
such work, whether it was a part of the regular
course offerings in the university or, as is seldom
the case, specifically designed for engineers. It
will take bold new steps to solve this problem,
for many compromise solutions have been tried
and most have been found wanting. An editorial
in The Engineer had this to say:

The problem of broadening engineering edu-
cation, always buffeted between high ideals
and too little time, is assuming a new sense
of urgency. . There seems to be a begin-
ning of communication between engineering
and social sciences, but there is still a com-
plete disassociation between engineering and
the humanities. Interaction between engineers
and social scientists will introduce real-life
complexities to engineering education; com-
munication with humanists will widen overall
responsibilities.'

It would appear that the limitation of time
can be overcome since many students expressed
a willingness to devote a further year to a mean-
ingful program in the social sciences. Moreover,
it seems inevitable that "liberal engineering"
must have its genesis in an engineering school
with a program whose aims are akin to those
expressed by Gerald Walters:

... Science and art share a common obligation
to keep our minds open and to keep them
deep, to keep our sense of beauty and our
ability to make it, and our occasional ability
to see it in plans remote, strange and unfamil-
iar. Not an easy task in a great open, windy
world a rugged time of it no doubt, but
now as complementing and no longer antag-
onistic modes of experience.2

Dr. Allen B. Rosenstein of the School of
Engineering at U.C.L.A. has completed a com-
prehensive study of engineering education3 and

'The Engineer, March-April 1970.

'Gerald Walters, "Unity of Knowledge and Experience", Technology and
Society, Vol. IV, No. 2 (1967) 44-6.

'A. B. Rosenstein, A Study of a Profession and Professional Education.
(Los Angeles: University of California, 1969).
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one of his conclusions is particularly relevant to
the Ontario scene. He found substantial redun-
dancies in engineering curricula (e.g. he cites
one school where Flooke's Law was treated in
some detail six times) , Dr. Rosenstein asserts that,
even allowing for deliberate repetition, a respec-
table engineering curriculum of only three
academic years in length could be designed if it
is regarded as a project in systems analysis. On
the basis of this model, an exciting program has
been developed at Harvey Mudd College ( Clare-
mont College System, California) which is pre.
cisely "liberal engineering". It is a four-year
program, fully accredited by the Engineering
Council for Professional Development. The
study group is convinced that such a program
should be introduced into the Ontario engineer-
ing education system and recommends that one
school make this its major focus of effort.

When one considers the great engineering
schools of Europe and the United States, one is
struck by the number of outstanding polytechnic
institutes. This prompts the idea of a self-
administered Ontario Institute of Technology
with its own Board of Governors and Senate. It
could be either on an existing campus, or estab-
lished quite separate and apart from any univer-
sity. There is ample evidence that some faculties
of engineering believe the present campus envi-
ronment to be stultifying, particularly where the
engineers are recent arrivals. When students
were asked whether or not they favoured such
a separate institute, the answer was almost uni-
versally an emphatic "No!" The reason given
for this response was the substantial educa-
tional experience gained on a multi-disciplinary
campus in associating with other students. Many
insisted that coffee shop discussions were as
important as any of the formal course programs
in developing a broad social consciousness.
When a similar question was asked of senior non-
engineering academic personnel, the response
was much less clear-cut. The reply ranged all the
way from the emphatic statement, "It would be
a real tragedy", to a pallid, "I suppose we would
miss the engineers". This general lack of con-
cern is by no means restricted to Ontario, for as
Sir Eric Ashby points out,

Higher technology is admirably taught, and it
is the object of much distinguished re-
search. But it has not been assimilated into
the ethos of the university. Universities have
adapted themselves considerably to the scien-
tific revolution, but in adaptation to technol-
ogy one of the consequences of that revolu-
tionthey have not yet reached equilibrium.'

Only at Toronto does the engineering faculty
4Ashby, Technology and the Academics, p. 88.

10

d()

appear to be fully assimilated into the univer-
sity, as an equal member in a vigorous intellec-
tual partnership. Such assimilation takes time
there the faculty of applied science has coexisted
with the other faculties for more than a century.

The study group was impressed with the value
placed by the students on the educational expe-
rience available in a multi-faculty university
community. At the same time, it would be worth-
while to try the experiment of a self-administered
Institute of Technology. Not only does it offer
promise of more unfettered educational experi-
mentation but also, as was pointed out in the
submission of the University of Toronto, "A
major substitution focus on a single strong
technological university would provide a more
stimulating challenge to the system than the
evolutionary development of the status quo."
Therefore, we shall recommend (page74 ) that
one faculty of engineering be reorganized as an
independent technical university, with its own
Board of Governors and Senate.

The motives for studying engineering appear
to range all the way from a desire for a general
education to an ambition to become a member
of a university faculty. There is no evidence of
widespread interest in joining the world of
industry, and this reflects the apparent unadven-
turous posture of so much of Canadian industry

a picture that shows little sign of improving.
Indeed, industrial experience during the under-
graduate period often tends to quench rather
than kindle enthusiasm. In a final-year group at
the University of Waterloo only 32% of the
class signified an intention to pursue careers in
industry.

Very few declared they had an interest in
self-employment, either as entrepreneurs or as
consultants. In general, the student sees his
future in the role of an employee-engineer. Such
unadventurous student aspirations are disturb-
ing, and bring into question the appropriateness
of the present educational spectrum either to
excite the imagination of the unawakened, or to
provide a proper curricular structure for the
large number who will be pursuing predomi-
nantly non-technological careers.

It is unrealistic to believe that the many and
diverse motivations of students can be satisfied
with the one curricular assembly which has been
attempted in most Ontario engineering schools.
For this reason, the study group recommends
the development of diversity by the acceptance
of more definite roles in undergraduate educa-
tion. In addition to the "liberal education" role
already discussed, we feel that two schools should



specialize in the broad field of information sys-
tems engineering, another in ecological engi-
neering, and a fourth in agricultural engineering.
These same foci of specialization should extend
into graduate education so that on each campus
there may develop, over the next ten years,
distinct concentrations of excellence. Specific
recommendations in this regard ale given on
pages 71-83

The students' response to a separate question-
naire provides further food for thought. They
regard as of equal importance in their educa-
tional experience the ability to identify and
formulate problems in quantitative terms, and
the development both of a "sense of' innova-
tion" and of a "feel for the socio-technological
relationship". Some students believe that our
engineering schools should encourage student
exchange programs with Quebec, as a factor in
the maintenance of Canadian unity. A student
letter on this subject is reproduced in Appendix
A.

Their recommendations for ways to improve
the curriculum include:

(1) earlier design experience;

(2) more freedom of choice of elective
courses;

(3) more sense of an integrated educational
plan;

(4) More "hard engineering" material that
is, more applied science, as opposed to
theoretic-al concepts.

In general, satisfaction was reported with indi-
vidual courses, but the majority felt they were
allowed too few glimpses of the overall plan
behind their particular curricular programs. The
general criticism was stated succinctly by one
student who said, "It is attitude rather than con-
tent, style rather than subject matter, and the
system rather than the course, which are the
causes of student despair." Despairing or not,
60% of the students responded that, armed with
their present experience, they would enrol in
engineering again, while 20% said they would
choose another discipline.

The number of women enrolling in engineer-
ing is increasing slowly but still represents a very
small minority. This is regrettable, because the
nature of modern engineering is such that most
engineering occupations could provide women
with promising careers. While female enrolment
is encouraged, it would appear that in many
instances in the high schools girls have been
counselled against considering engineering as a
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professional career. An interesting paper on this
point by an undergraduate student is included
in Appendix A.

The study group spent a good deal of time
meeting with members of Ontario engineering
faculties and this has resulted in a number of
opinions. One has been noted: a reasonable
education experience is available in all of the
schools, although often it is not well matched to
the aspirations of many students.

In the present context of Ontario secondary
school preparation, and the short university aca-
demic year, it seems clear that at least four years
are required for the undergraduate course.
No real pressure has been developing to extend it
by a fifth year. Rosenstein's observation about
curricular redundancies should be taken seri-
ously, to 'ensure that student and faculty time is
being wisely invested, before any alteration in the
length of the programs is contemplated. The
study group has become convinced that the cur-
rent practice of beginning technological educa-
tion directly out of secondary school is a good one.
The student desire for an early contact with engi-
neering is intense, and constitutes a strong argu-
ment against a preliminary general program.

Current curricula reflect the conviction of the
deans of engineering that Canada's industrial
sophistication would develop more quickly than
it has. The engineering program has a high
content of mathematics and science with a rather
low proportion of time being devoted to technol-
ogy and business administration apparently on
the premise that a significant fraction of engi-
neering graduates would be making their careers
in the innovative activities of research, develop-
ment and design. The lack of any reliable predic-
tors for technology, coupled with the current air
of uncertainty in the economy and of policies
relating to national resources, makes it difficult to
match curricula to the future demand for skilled
personnel. Educational lags cannot help but be
substantial. Usually it takes at least two years to
implement a new university course, up to four
years before the student who completes that
course enters professional life, and another year
or two before his efforts are felt in the profession.
Thus trends must be identified at least seven year
before any significant feedback can be realized
from the educational system. Since it seems ine-
vitable that the Canadian economy must develop
through the application of "high technology", no
strong argument can be advanced for reverting to
the hardware-oriented curricula of the past.
In any case, such needs are being met by the
Colleges of Applied Arts and Technology.
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We do not wish to imply that laboratories are
becoming of less importance. Indeed, the labora-
tory is still the place where the student meets the
physical world, and becomes acquainted with the
instruments and techniques of his profession.
Laboratories should be used by the student to
gain information, judgment and design experi-
ence, rather than the traditional use by instruc-
tors to demonstrate known laws of science. A
laboratory should be exciting to the student,
a place to kindle the flame of invention and
ingenuity. It is there that the student learns the
rudiments of modelling, simulation and testing.

We recommend that:

(3:2) each engineering school undertake a study of
its teaching laboratories, and establish ways in which
the student will use them to obtain design experience.

It is surprising that universities have not
developed depreciation policies in respect to
laboratory equipment. This is the pattern for
industry, which begins to write off equipment
on the day of installation, in order to build up
reserves for replacement, as well as for tax pur-
poses. If a similar procedure is not adopted for
university laboratories, they will soon become
museums. Furthermore, as the equipment ages,
present practice will have the undesirable side-
effect of shifting curricula away from the labora-
tory towards more class-intensive and software-
oriented programs. Such a shift could reduce the
versatility of the graduate. Therefore, we recom-
mend that:

(3:3) universities establish a depreciation policy
with respect to engineering laboratory equipment,
so that before it becomes obsolete or worn out,
adequate reserves are generated for replacement.

A good argument can be made in favour of
more engineering/business management interac-
tion at the undergraduate level. More than half
the students enrolled in M.B.A. programs are
engineers, and ten years after leaving university,
more than half of Ontario engineering graduates
are in management career patterns. Further-
more, increasing numbers of very senior posi-
tions, both in industry and government, will be
filled by engineering graduates. Such trends have
not been given sufficient weight in planning
undergraduate curricula, and should be reap-
praised with confidence as to their relevance to
the future. Indeed, the development and main-
tenance of an integrated curricular plan is of
such importance that the study group makes this
recommendation:

(3:4) Each faculty should have a standing committee
on curriculum, with substantial student representa-
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tion, whose responsibility it is to ensure that there is
an articulated sequence of courses in each stream.
Such a committee should regard as its prime function
the continuous .ionitoring and updating of the cur-
ricular system.

There have been recurrent suggestions that
the traditional departmental divisions of engi-
neering education are outmoded, and some
Ontario faculties (e.g., Carleton) have replaced
them with names and structure conforming to
divisions of study instead of professional classi-
fications. The study group could find neither
strong objection to such a development, nor any
compelling reason to recommend it. Since it is
in the nature of an evolutionary change, begin-
ning in the graduate school, such a decision will
be reached at a different time in each faculty,
as a function of the character of its research and
graduate activity.

In view of the sluggish development of
university/industry interaction, it is suggested
that the following experiment be made by some
faculty of engineering located near a large indus-
try. A satellite campus would be established on
the plant site, staffed by university faculty who
are half-time industrial employees. The student
body would consist of third-year students who are
also half-time employees; they would complete
their third year in one complete calendar year,
in this industrial-academic environment. Such an
experiment should serve to develop more vigor-
ous liaison between campus and company, and
would provide considerable experience for fac-
ulty and students, as members of an industrial
task force. This suggestion is an extrapolation of
the cooperative plan for engineering education
followed by Waterloo. It is on a much smaller
scale but with professorial involvement, and is
highly dependent on the nature of the industry
in the community. It should not interfere with
the Waterloo program, which works well and
provides valuable experience to the student.

In this chapter an attempt has been made to
take account of some of the considerations
behind undergraduate curricular development.
It is artificial to think of undergraduate educa-
tion separate and apart from graduate studies
they are, in a very real sense, an educational
continuum, particularly as interdisciplinary
involvement develops. Nonetheless, there are
differences, not the least of which is the extent of
the demand for the services of holders of a
graduate degree as against that for those with
a bachelor's degree. Because of these differences,
the graduate educational environment will be
discussed separately in the next chapter.
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GRADUATE STUDIES

In the first chapter of this report, we con-
sidered the motivations and aspirations of a
typical student, Jean, as he left secondary school
to begin his first year of professional education.
For purposes of continuity, we must assume that
Jean is in that 25% of engineering graduates
capable of successful completion of a program of
graduate studies. Despite such qualifications and
the opportunities available for advanced work,
there is more than an even chance that Jean will
elect to enter the practice of his profession as
soon as he finishes his baccalaureate studies.
Engineering differs from most other disciplines
in that about 70% of its students acquire indus-
trial or consulting experience before returning
for graduate work. Typically, Jean will work at
his profession for two or three years, during
which time he will develop a strong desire to
extend his knowledge, and possibly to develop
his expertise in the direction of a career in
research or development. He will seek out the

professor whose special research activity corres-
ponds most closely to his own interest', and then
apply to enrol in the appropriate graduate school.
Thus, he will become a member of a group
which, because of those industrial years, has a
somewhat higher average age than that of post-
graduate students in other disciplines. Let us
examine the characteristics of Jean's new
environment.

A hallmark of the sophistication of an intellec-
tual discipline is the breadth of its generalities.
The laws of physics, for example, are very perva-
sive, while those of psychology are quite circum-
scribed; physics is at a much more sophisticated
stage than are the social sciences. As these general-
ities evolve, their broad applicability causes
the boundaries between disciplines to become
increasingly fuzzy, and sometimes to disappear.
In a university, the erosion of disciplinary iden-
tification is seen first in the research laboratory
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or design office, whence it spreads into the lec-
ture room, and ultimately to the undergraduate
program.

Our engineering schools have a particularly
important role to play in the development of
interdisciplinary research programs, not only
because engineering is a "bridge discipline'', Inn
also because engineers have made it their busi-
ness to understand the characteristics of complex
interacting systems. This makes the research
engineer uniquely valuable in interaction with
the life scientists (bio-medical electronics, health
care delivery systems, physiological Mtn:me:Ha-
tion) , the social sciences (socio-technological
forecasting, mathematical modelling) and the
physical scientists (scale-up of processes, hard-
ware development. simulation and optimiza-
tion) . Thus the 1970s should see a vigorous
thrust in interdisciplinary research and educa-
tion an opportunity that innst be exploited to
the limit.

There is a good base on which to build this
interdisciplinary activity, thanks to the dramatic
development, over the past decade, of engineer-
ing graduate work in Ontario. An indicator of
this fact is the rise in enrolment of graduate
students, from 295 in 1960 to 1,900 in 1966,1
with a proportionate increase in the number of
research directors. The accompanying aggressive
recruitment of faculty brought into the univer-
sities a large number of younger members edu-
cated in science-intensive programs. Such indivi-
duals represent a resource of engineering talent
predisposed to research projects of considerable
interdisciplinary scope, and at a time when there
has developed a very real awareness of the inter-
dependence of disciplines.

Graduate studies in seven of the provincially-
supported faculties of engineering have been
developed between 1960 and 1970. This decade
has been one of great advances in technology,
particularly in the area of data assembly, infor-
mation management and computation and con-
trol by computer. There has Been a strong
incentive to develop graduate studies, with the
result that by 1969 there were 1.279 candidates
for the master's degree and 614 (344 with the
master's degree) for the Ph.D. degree enrolled
in Ontario engineering schools. Such rapid
growth has raised the question of the ability of
so many faculties to finance and sustain first-class
graduate programs over the full spectrum of
disciplines. Because of this concern, in 1967 the
Ontario Council on Graduate Studies (OCGS)
instituted an appraisal scheme for suggested new
'See Appendix B. Table 1-3.
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programs: within its terms of reference the
scheme works well. The decisions Of OCGS have
been based on the qualifications of fa( ulty and on
the adequacy of Iilwary and laboratory facilities to
ensure reasonably uniform standards of excel-
lence. Graduate activity across the province has
gained considerable balance, with t entres of
excellence in narticnlar areas noir beginning to
appear. However, it is evident that employment
prospects are likely to be quite bleak for the
hundred engineers who will graduate with the
Ph.D. degree in 1970: looking back, the question
arises as to whether career prospects should have
been included in the list of criteria for prygrain
initiation.

The strategy should be to build on strength,
so that significant concentrations of effort can
emerge over the next ten years. Examples of
such developments are the Institute for Aerospace
Studies at the University of Toronto, the Cana-
dian Institute for Guided Ground Transport at
Queen's, the Institute for Materials Research at
McMaster, and the Management Science Pro-
gram at 1Vaterloo. Now that examples of special
excellence are appearing, opportunity for their
development must be engendered by deliberate
avoidance of duplication of effort. The concept of
"centre of excellence" should be in the sense of
focus of interest, rather than of geographic
location.

Consideration has been given to the problem
of a balance between supply and demand: a
study of the need for engineers with the bache-
lor's degree ha:: been completed and is reported
elsewhere (Chapter 9) . It shows that a normal
buildup of enrolments in the undergraduate
programs should parallel demand until 1980.
There are many indications that the master's
degree trill assume in( reasing significance in the
1970s. This is the level of engineering education
recommended as a first professional degree in
the Goals report of the American Society of
Engineering Education. Dean Maslach of Berke-
ley maintains, "The rallying point for engineer-
ing education in the next decade will be the
master's degree." The trend is to larger numbers
of graduates entering "course-intensive" master's
degree programs. and this is quite appropriate
to the nature of the demand for engineering
services. There seems to be no justification for
curtailing enrolment for work leading to the
master's degree.

Within the Canadian environment at the
present time, it is difficult to rationalize doctoral
programs in engineering. Most of these programs
were set up in the conviction that science-based



industry would experience vigorous development
during the 1960s. However, this strong thrust
failed to materialize, and now there is retrench-
ment iii some of the subsidiary industries, with
a reduction in the (madian compment of their
research and development effort. Today, in the
light of the apparently modest employment pros'
pests in industry, the opinion is being voiced
that programs leading to the Ph.D. are too
extensive. For example, the Science Council of
Canada has pointed out that "the supply of
Ph.D.'s is now big enough to fill the currently'
low demand for Ph.D.'s in research and develop.
went . . . this is Canada's first chance to really
start putting Ph.D.'s into ke -' positions through-
out the economy and not just in the R and
1) h boratory . . . the universities in Canada
annually produce more Ph.D.'s in science and
engineering than the total stock of Ph.D.'s in
Canadian industry."2

The universities have been Canada's most
aggressive recruiters of Ph.D.'s over the past
decade of vigorous growth in our engineering
schools. Now this growth rate will diminish,
providing an opportunity both for consolidation
of effort and for the development of excellence.
Based on past statistics, the attrition rate of
academic staff in Ontario engineering schools
will be about 3.4% per year. Thus, over the
present decade approximately 625 academic
engineering positions should open up in Onta-
rio, most of which will demand a Ph.D. degree.
(See page 54). While it is to be hoped that all such
positions will not he filled by newly-graduated
candidates, this figure is quoted to show that
university eliployment should continue to con-
stitute a significant market for engineers with
doctorates. If current enrolment trends continue,
it is anticipated that 1,400 Ph.D.'s in engineering
ivould be awarded in Ontario over the same
period of time; so that the expected number of
academic vacancies would amount to about 45%
of the total number of Ph.D. degrees to be
conferred.

The federal government, in its concern over
the slow development of Canada's secondary
industry, has set up a series of incentive pro-
grams (IRDIA, PAIT, IRAP, etc.) , to stimu-
late expansion through innovation. In addition,
fellowship programs have been initiated to
encourage engineers to upgrade their qualifica-
tions (PIER Fellowships) , and to persuade
industry to employ engineers who hold doctor-
ates (Industrial Post-doctorate Fellowships) .

These programs are exploratory in nature, and
it is too early to evaluate their impact. The
iPeniirs, 5 (August 1970). P. It

Graduate Studies

Ph.D. engineer requires time to realize that the
techniques and strategics which he employed in
his graduate work have applicability far beyond
the research and development laboratory. Also,
the industrial employer must come to realize that
the Ph.D. can be an asset in a wide variety of
assignments, including operations research, mar-
ket research and production engineering. At the
moment, there is an over-supply of doctoral
graduates in engineering, and indeed the Ph.D.
degree may close the door to many an engineer
seeking employment, because industry assumes
that his field of interest is too narrow.

An estimate of the point in time when supply
and demand will coincide can only be made on
the basis of a comprehensive manpower study.
It involves consideration of the career patterns
of engineering graduates at all levels as well as
the recruitment patterns of all potential employ-
ers. Accordingly, the study of engineering man-
power is dealt with in detail in Chapter 9. It
forms the basis for our belief that the current
trend of enrolment in doctoral programs will
result in more graduates than can be absorbed
into the economy. This forces us to de.,1 with
the frequently-debated question, "Has a univer-
sity any responsibility for the future careers of
its graduates?" A satisfactory resolution of this
question is difficult, and :t must be considered
in company with a second question, "At a One
when educational costs are becoming prohibi-
tive. should we continue programs which cannot
be justified economically?" The two questions
taken together are more easily answered than
either alone. Therefore, the study group will
make the recommendation that immediate steps
be taken to reduce the enrolment of Ph.D. candi-
dates in Ontario to a total of 450, with a view of
graduating no more than 125 Ph.D. engineers
each year. Although this n umber represents a dras-
tic curtailment, it is consistent with employment
forecasts, which should be reviewed periodically.

While enrolment in programs leading to a
master's degree should be allowed to increase
naturally, it will be recommended that they not
exceed 1,850 by 1980. In this study it became
apparent that such graduates are being employed
because of their extra knowledge and maturity
rather than for the research experience gained
in graduate school. This justifies considerable
experimentation with the character of the edu-
cational experience offered as qualification for
the master's degree, particularly as service indus-
tries expand and proliferate. (See Chapter 9.)

A levelling-off in total graduate enrohnent in
the schools of engineering should not be a cause
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of concern, since it will present a much-needed
opportunity for consolidation after the vigorous
expansion of the past few years. There has been
a general and yet incorrect assumption that
engineering research must involve graduate stu-
dents. This has led to the situation where most
engineering faculty members, even the relat'.'ely
inexperienced yourgcr ones, function as research
managers rather than as active participants. A
decrease in the number of doctoral candidates
could have several desirable effects:

(I)

(2)

(3)

There will be an opportunity to redress the
present imbalance between undergraduate
and graduate effort. Existing undergradu-
ate programs would benefit from more
experimentation and more intense effort
to engage the imagination of the undergra-
duate engineer at-the very beginning of his
university experience.

More faculty will be able to undertake
projects in the neglected areas of engineer-
ing synthesis, such as device and process
design, systems engineering and production
engineering.

There can be more direct involvement of
faculty with Canadian industry, either as
independent consultants or through on-
campus research institutes. Many engineer-
ing faculty, now performing perfunctory re-
search, can make a greater contribution in
shorter-term technological projects.

(4) There would be a general upgrading in the
quality of research in the graduate schools,
and stronger research teams grouped around
the most sk;,Iful directors. On this point Dr.
0. M. Solandt, Chairman of the Science
Council of Canada, has made this comment:
I do think there should be fewer anti better
people doing research. A good university
teacher does not nzed to do research himself,
but he certainly must live and work in an
environment where there is close contact with
research. 1 am quite certain hat in Cal.tcla
we are spreading our resources too thin!y.1ne
effective value of a research grant has risen
very little in the last ten years and is a sit:all
fraction of a similar grant in the United States.
If we cannot get more money for basic research,
I am sure that our present expenditure in
Canada would make a greater contribution to
world science if it were spent by fewer people .3

One of the consequences of a smaller number
of doctoral candidates will be an annual reduc-
tion in total costs of more Ilan two million
dollars. It is important that some of this saving
be redirected into undergraduate programs in
order that the other recommendations of this
,Chemistry in Canada, Summer 1970, p. 20.
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report may be effectively implemented. The
assumption of special roles by engineering
schools will need financial support to offset pos-
sible temporary shifts in enrolment patterns.
Such financial adjustments will have to be made if
the desired improvements in the system of engi-
neering education are to become a reality.

It is regrettable that part-time graduate studies
have met with such indifferent success. The
record of attempts is distressingly similar: too
many classes cancelled because of a lack of ade-
quate enrolment, despite schedules arranged
for the convenience of industrially-employed
engineers. Sou-tel.:ha better success was achieved
when lectures were offered at an industrial site
(e.g., Waterloo at Sarnia) . These experiences

are consistent with those of engineering schools
in the United States. There, in an attempt to
improve the situation several schools have devel-
oped part-time programs based on a closed-
circuit television talk-back system, in locations
where large science-based industries operate.
The industrial part-time gradual- students par-
ticipate in regular lectures but in their own
lecture rooms on the plant site, by means of
cable contact with the university lecture room.
Thus, these students take the same lectures and
write the same examinations as the f,:il-time
students. At Stanford University, whcre such a
system has been in use for three years, wc found
general enthusiasm for the scheme. Records show
the academic performance of industrial groups
to be almost identical with that of students on
campus.

Such systems are expensive, as indicated in
Appendix C. However, they are particularly
attractive where the engineering schriol is sur-
rounded by "high technology" industry. In
Ontar' ), the Ottawa legion would be an ideal
area for such an experiment, with its two engi-
neering schools less than Lour miles apart. Ten
miles tc the west, at Shirley Bay, is Bell.Northern
Research, the largest industrial laboratory in
Canada, and the Federal Communications Re-
search Centre, In addition, there are the excel-
lent laboratories of the National Research
Council, the Defence Research Board, the De-
partment of Agriculture, and the Department of
Energy, Mines and Resources. The study group
recommends that:

(4:1) a talk-back television network in Ottawa be
thoroughly explored.

If it proves to be impracticable there, probably
it will not be feasible elsewhere in the province.

A general impression was gained that the
sharing of research facilities is not yet well devel-



oped, even though the idea is attractive it
brings staff and students together while at the
same time offering the possibility of consider-
able economies. Much could be gained by mak-
ing joint applications for negotiated develop-
ment grants to acquire major equipment items.
As evidence that such schemes do work, there
is the 220 MHz nuclear magnetic resonance
spectrometer, administered jointly by McMaster
and Toronto and operated at Sheridan. Park by
the Ontario Research Foundation under con-
tract with the National Research Council.

Recently, there have been expressions of con-
cern over the restriction on public disclosure of
the results of certain graduate research in order
to protect the proprietary information of a spon-
sor. Such cases are rare and, of course, completely
antithetical to the idea of graduate education.
The student, at any stage of his research, must
be free to discuss results with his colleagues,
either in the seminar room, or in an appropriate
journal. No other practice should be contem-

4 Graduate Studies

plated, and when classified work is undertaken
it must not form part of the academic require-
ment of a graduate student. The graduate thesis
should become a public document.

It is important that this study on graduate
engineering education does not stand alone.
Some of the concern expressed in this report will
be applicable to graduate work in the sciences,
the humanities, and the social sciences. Indeed
we recommend that:

(4:2) a report be prepared for Ontario similar to that
prepared by Allen M. Cartter,4 dealing with graduate
education in the United States.

Such a document, updated at regular intervals,
would provide a comparative appraisal of the
aims and quality of graduate education in the
Ontario universities.

Allan M. Cartter, Vice-President, American Council on Education.
An Assessment of Quality in Graduate Education, a study for Commis-
sion on Plans and Objectives for Higher Education, American Council
on Education. (Washington, D.C., 1966).
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5

RESEARCH

The pace of engineering research in Ontario
began to accelerate in 1958, for two principal
reasons:

(I) Seven additional engineering schools were
taking shape, in anticipation of a rapid
increase in undergraduate enrolment (Carle-
ton, Guelph, McMaster, Ottawa, Waterloo,
Western and Windsor) . This expansion in
engineering education necessitated a vigor-
ous recruitment of faculty, which meant
that in little more than a decade the
number of university research directors
increased eightfold.

(2) Most engineering deans were convinced
there would be a rapid evolution of "high
technology" industry in the 1960s an
assumption based on national needs and the
developments in other countries. The result
of such a swing into secondary and tertiary
industry would be prospects of employment
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for large numbers of research and develop-
personnel, many of whom would be edu-
cated in research-based programs.

An attempt has been made to provide a visual
impression of the extent and intensity of engi-
neering research in Ontario (Fig. 5-1) . In this
illustration, the fields of research endeavour
have been listed under 45 headings, consistent
with the classifications used by the Science Secre-
tariat. The number of professors identifying a
given category as their major research interest
has been used as an indication of intensity of
effort in a given field. We recognize that this is
an imperfect criterion, because it contains no
value judgment as to the quality of work being
done by a given man or at a given institution.
Thus no more should be read into Figure 5-1
than is intended a measure of the amount of
work under way. The shortest bars represent
three or fewer principal investigators, the



Figure 5.1- ENGINEERING RESEARCH IN ONTARIO
UNIVERSITIES
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medium-size bar& denote groups of three to eight
professors, and the largest bars, groups of more
than eight. Thus, the density of the horizontal
lines gives an impression of the extent of acti-
vity in a given area of research, while the density
of the vertical columns gives an idea of the
activity in a given institution. A more detailed
description of engineering research programs
is to be found later in this chapter in Tables
5-1, 5-2 and 5-3 and in Appendix D.

These summaries show the research program
in Ontario as broad in scope, significant in total
effort, and representative of large investment
both in facilities and in operating expenses. For
these reasons an attemrt will be made to answer
the following questions:

(1) Is the research component of graduate edu-
cation providing suitable training for the
graduate student?

(2) To what extent should engineering research
in the universities be mission-oriented"?
Is the nature of the research being executed
appropriate to the needs of our society and
our economy?

How might better university/industry co-
oper ation be achieved?

(4) Is full advantage being taken of the oppor-
tunities for inter-university cooperation?

Is the annual expenditure on engineering
research in universities appropriate in the
light of other needs?

(6) Is a reasonable and proper balance being
struck among the three areas of teaching,
research and consulting?

(3)

(5)

RESEARCH AS AN ELEMENT OF
EDUCATION

Research in the engineering schools of Ontario
is carried out by five classes of investigators:
senior undergraduates, candidates for the master's
and the Ph.D. degrees, post-doctoral fellows and
professors. The involvement of undergraduates
has been included here because of its importance
in arousing the enthusiasm of the student, rather
than for any contribution that might be made to
advance technology.

Some of the most imaginative educational
experiments have developed around the involve-
ment of senior students as members of a team
investigating industrial problems. Such problems
may take the form of process simulation, optimi-
zation, design or operations research, and usually
they are attacked by a student team, strongly
20

supported by a group of professors and indus-
trial engineers. It is in this area that the most
significant irhistry/university cooperation has
occurred. The enthusiasm of students for these
projects can best be demonstrated by their heavy
commitments of time and by the uniformly
favourable response recorded at the end of each
project. They represent a substantial commit-
ment on the part of faculty, which seems fully
repaid by the results. It is clear that this kind of
early research experience should not only be con-
tinued but be emulated in those schools that do
not have such schemes.

Most faculties of engineering have two types
of program leading to a master's degree:
research-intensive and course-intensive. The first
has the traditional proportions of courses (21/2 to
31/2) to research experience (about 9-10 months
of directed research) , while the second has a
heavier requirement of graduate courses (31/2
to 5) with less time spent on research (a maxi-
mum of 6 months) . The average period needed
to complete the requirements for the degree is
about 17 months. In general, students intending
to proceed to the Ph.D. elect the former of these
programs while those intending to finish with a
master's degree choose the latter.

In Canada, standards for the master's degree
have been kept high and it is well regarded by in-
dustrial employers. The reason for this esteem is
that the graduate has had an extra year of course
work, rather than on the anticipated value of an
introduction to research strategies and tech-
niques. For this reason, the proportions of
students electing the course - intensive program
should increase, especially if admission to Ph.D.
programs is curtailed. Research performed by
candidates for a master's degree in engineering
generally seems to be of more significance in its
context than similar effort in the pure sciences,
if the proportion that reaches publication is a
reliable indicator. Probably a reason for' this is
that so much of speculative engineering research
is at the level of master's work where risk of fail-
ure will not have the disastrous impact on the
student that can be the consequence of a fruit-
less Ph.D. research project. It is ironic that
because of this concern for the student, the
real ground-breaking is done by the least experi-
enced, while the more senior students tend to
address themselves to problems whose outcomes
are relatively predictable. The criteria of assess-
ment for engineering research theses to a large
extent have been inherited from physics and
chemistry, and no doubt it is time to study these
criteria in the light of modern engineering. The
Ph.D. degree traditionally involves a thesis of an



analytical nature, while much of modern engi-
neering innovation is in the area of synthesis,
and this really is not research in the accepted
sense of that term. Very few schools have pro-
grams of any kind in which a graduate degree is
awarded for original design, as opposed to origi-
nal research. It is for these reasons that the study
group recommends that:
(5:1) The criteria of acceptability of graduate degrees
in engineering should be recast in order that a thesis
based on design or systems synthesis may be suitably
assessed. This could involve the establishment of a
new degree at the doctorate level.

There is little sign that the research compo-
nent of graduate education is inadequate, and
many instances have been observed where the
training is of a superior nature. As proof, one
can cite the generally high calibre of the Cana-
dian engineering research journals, the ready
acceptance of engineering research papers for
publication in foreign journals and the distinc-
tion being achieved by Ontario graduates in
domestic and foreign professional employment.
A widespread concern has been voiced over the
general lack of industrial or "beyond the clois-
ter" experience of the teaching faculty, a defi-
ciency that is said to affect the quality of both
undergraduate and graduate programs. The
main impact of such a deficiency on research
activity appears to be on the relevancy of
research projects, rather than on the quality of
their direction or of the total educational experi-
ence. A study of the careers of members of engi-
neering faculties shows a larger proportion of
teachers with substantial professional background
outside the university than seems generally to be
appreciated. Nonetheless, as a result of vigorous
recruitment in the 1958-68 period, there still are
many young professors who come directly from
graduate school. This pattern has provided justi-
fication for the contention that too often a profes-
sor's research is no more than an extrapolation of
thesis material that has originated in the mind of
his research director. In addition, the candidate
for the master's degree, or the doctorate, often
is exposed to so narrow an educational experience
that he graduates without a proper awareness of
the scope of his field of activity and soons finds
himself to be less versatile than is desirable and
necessary. However, this decade can provide time
for consolidation when university/industry co-
operation almost certainly will intensify and
improve, giving members of engineering faculties
an opportunity to acquire professional experience
beyond the confines of the campus. Our concern
is not so much that good research strategy and
technique is not being taught but rather that the
choice of problem should be topical.

5 Research

RELEVANCE OF UNIVERSITY
ENGINEERING RESEARCH

There has been a tendency over the past two
decades for the topics of engineering doctoral
theses to bear a stronger resemblance to physics
than to engineering. This pattern is not pecu-
liar to Ontario, or even to Canada, and one
reason for it is the short space of time in which
universities have been engaged in engineering
research, as compared to developments in the
pure sciences.

World War II provided dramatic examples of
the power of basic science. After it was over,
engineering educators began to enrich their cur-
ricula with more science and mathematics,
hoping to turn out graduates more capable of
bridging the gap between discovery and its
practical application. In the university research
laboratories of Canada, the majority of projects
have been financed by grants from the National
Research Council, whose committees were accus-
tomed to allocating support to individuals for
projects in the areas of pure science and who gave
the appearance of having little knowledge of
engineering research, or of the rapidly-growing
resource of engineering academic personnel. It
was learned that the more closely an engineering
proposal resembled one in pure chemistry or
physics, the greater was the chance of receiving
adequate funds. This pattern has been changed,
due in large part to the vigorous and vociferous
activity of the National Committee of Deans of
Engineering and Applied Science. But the mem-
ory lingers on, and in our graduate research
laboratories there continues to be a dispropor-
tionately large amount of analysis, compared to
the rather modest activity in synthesis the real
essence of engineering.

Three influences are at work that should
redress this imbalance. The first is the position
taken by the Science Council of Canada, in
coming out strongly on the side of "mission-
oriented" research research with a foreseeable
impact on problems of special relevance to Can-
ada. The second is the adoption by the National
Research Council of a more pragmatic role,
which now takes into account the large task
force of engineering research directors and gra-
duate students. Finally, there is the industry/
university interaction, which is exhibiting slow
but reassuring growth as mutual confidence
develops. It is becoming more widely appre-
ciated that there cannot be a single research
policy for science and engineering. Scientific
research should have as its aim the contribu-
tion to knowledge, while the motivation for
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engineering research must be the application
of known principles to the improvement of
the quality of life. Traditionally, support for
research has been based on confidence in the
individual investigator, and this is appropriate
for scientific xesearch. Engineering research
demands project support; now, this is available
as negotiated development grants.

In several areas of engineering research there
are manifestations of an increase in activity
undertaken in response to social needs. At the
University of Western Ontario a good beginning
has been made in the interdisciplinary area of
bio-engineering, in structural aerodynamics and
in electrostatics. Waterloo has a vigorous effort
under way in management science and transpor-
tation, while Guelph is quite properly continu-
ing to emphasize agricultural engineering. At
the University of Toronto, the Institute for
Aerospace Studies has earned for itself a fine
international reputation, the industrial engi-
neering department is widely known for its
involvement in operations research, and real
distinction is being achieved in bio-medical elec-
tronics. McMaster has a growing reputation in
the area of industrial simulation and optimiza-
tion, its Institute for Materials Research is well
established, and there is a new graduate program
in production engineering. At Queen's, the pro-
gram in mineral engineering continues to grow,
while a new Institute of Guided Ground Trans-
port has found substantial financial backing. It
is encouraging to note that this list has no dis-
turbing redundancies with such a distribution
of interest the prospect is good for building on
strength. It is a trend that should be followed,
in order that a pattern may be developed that
avoids any duplication of effort.

At this point it is appropriate to try and
identify areas of endeavour that appear to be
receiving too little attention when one considers
the social needs of this decade. Certainly, a grow-
ing proportion of engineers should devote their
careers to the reclamation and proper mainte-
nance of our environment. Now that most engi-
neering schools are developing programs in some
aspect of ecological engineering, a conscious
attempt should be made to coordinate efforts
and thus ensure that they are complementary.

One area in which engineers have achieved
distinction is the development of techniques of
analysis and simulation of complex, interacting,
articulated systems. Originally, these systems
were physical in nature processes, circuits and
vehicles. As techniques improved, studies were
undertaken of the collation and analysis of
information, computation and decision-making;
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and the interface between technological and
social systems was crossed.

At the present time there is considerable scope
for engineering research in areas which are parti-
cularly susceptible to the techniques of systems
analysis and synthesis, such as:

(I)
(2)

(3)

Urban planning and engineering.

Building systems engineering, involving
construction strategies, air handling, mate-
rials and personnel logistics.

Design of airports and the ground transpor-
tation systems for the air industry. Canada's
federal transportation mandate offers a
favourable environment for this expertise
to become an international commodity.

(4) Studies in the health care delivery systems
of Ontario.

While it may not be feasible to cover all pos-
sible research areas, there are several others
which appear to offer a particular opportunity
at this time. For example:

(I) Instrumentation (including avionics) could
be an important area of specialization in
Ontario.)

(2) Illumination and acoustics. These are
neglected areas: there is virtually no illumi-
nation research under way, and the prob-
lems created by acoustic pollution require
immediate study.

Cost and value engineering (including
maintainability, reliability, quality con-
trol) . Many industries requit this type of
expertise more urgently than technological
help.

The study group has concluded that while a
disproportionate amount of analytical research
continues to be carried on in the Ontario engi-
neering schools, an orientation towards social
need is under way. As yet, there is no serious
overlap of effort, but care must be exercised to
prevent this from occurring. To date, direct
industrial interaction with the engineering
research programs has been rather minor in
scope, but it does show signs of increasing.

(3)

INDUSTRIAL INVOLVEMENT IN
UNIVERSITY ENGINEERING RESEARCH

The academic community is far from unani-
mous in the belief that their work should involve
a direct outreach into society. Many still hold
'J. J. Green, Aeronautics: Highway to the Future, Special Study No. 12,
Science Council of Canada, 1970, p. 90.



firmly to the tenet that the university's 1 ale is to
educate and to add to the world's store ( f knowl-
edge, leaving the area of action to governments.
The proponents of this viewpoint contend that
such an aloof position is essential to the main-
tenance of the academic integrity of the institu-
tion. Those in the opposite camp point out that
within our universities there is a large and
diverse pool of knowledge and expertise accu-
mulated at public expense, and that such insti-
tutions represent a unique resource for the
assessment of social needs and the development
of techniques to satisfy them. Most engineering
faculty members appear to share the view that
there is an obligation to use these resources for
direct involvement in the larger community.
Weisskopf and Smith have taken this stand:

In the past, the universities have educated.
The governments have acted. This complete
division is no longer appropriate. Civilization
has become so complex and its problems so
enormous that the universities must be will-
ing to a considerable extent to take on mis-
sions. There is simply not time to give out
basic research data and hope that it will be
intelligently applied. The university must
assume a portion of the leadership in direct-
ing itself to specific problems.2

Since engineering must be the bridge between
science and society, it is appropriate to look
for university/industry interaction through the
medium of the engineering school.3 In Canada,
despite a prodigious outpouring of rhetoric on
the virtues of such an alliance, the results have
been modest in the extreme. Today, university/
government interaction is flourishing, as are the
incentive programs provided by government to
stimulate industrial innovation. It is the third
side of the triangle that remains to be drawn
with a firm hand. Even mature organizations
such as the Institute for Aerospace Studies derive
only token support from industry.4

It is inappropriate here to make a detailed
appraisal of the failure to achieve vigorous
cooperation in research between engineering
faculties and industry. One of its symptoms has
2Victor Weisskopf and Gregory Smith, Public Policy, Public Opinion,
and the University, reported in the Review Panel of the Special Labora-
tories of the Massachusetts institute of Technology.

213r. Fred Terman underlined this opinion in his report Engineering
Education in New York, published in 1969: "Experience at KUL.
Stanford, Cal. Tech., and elsewhere shows that the largest part of the
coupling that exists between. a university and its surrounding industrial
environment normally comes through the engineering rather than the
science departments. This is not to imply that science departments make
no contribution, or that science isn't important to technology-oriented
industry. Rather, it simply recognizes the fact that it is ordinarily the
engineer who transforms a raw idea of science or technology into a
product that is useful, practical and reliable. The engineer is thus the
person most frequently at the point of contact between education and
industry."

'Green, Aeronautics: Highway to the Future.

5 Research

been the frequent deterioration of cooperative
activity into a patron/mendicant relationship,
with the university invariably cast in the role of
mendicant. Recently, however, several schools
have discovered they can achieve successful liai-
son through the medium of contracted research:
a system that works well because the ground
rules are easily understood. Three universities

McMaster, Waterloo, and Windsor have
established Industrial Research Institutes to
carry out industrial research contracts, while
other faculties of engineering have developed
research companies, such as Chemical Engineer-
ing Research Consultants at the University of
Toronto. The Industrial Research Institutes
received seed money from the federal govern-
ment, as well as financial support from univer-
sity budgets. Other universities have applied for
federal support to develop similar institutes.

This activity brings with it such special prob-
lems as the following:

(I) Local resistance on campus. There will be
those within the campus who express a real
concern over the fear that contract research
distracts professors from their primary
duties and may depreciate the quality of
engineering research programs.

(2) The necessity of developing faculty confi-
dence. It takes time for faculty members to
decide on the admissibility of working with-
in the institute rather than as a private
consultant. Conversely, as the scope of acti-
vity develops, the Institute needs time to
identify those faculty members who, as
consultants, will be skilful, reliable and
punctual.

Resistance by the university community on
the ground that restrictions relating to pub-
lication cannot be tolerated. A rule for such
institutes must be that graduate students
are not employed on projects of a propri-
etary nature, if the work is to form part of
the requirement for their degree.

(4) Resistance by the Ontario Research Foun-
dation on the grounds of direct competi-
tion. The validity of this concern depends
on whether or not the university does have
a role of service beyond those of teaching
and research.

Concern by private consultants based on the
fear of subsidized competition. Care should
be exercised to undertake projects of a
special character for which the university
has a special competence.

(3)

(5)
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(6) General concern about the propriety of
professors acting as consultants. This is
relevant to the general policy relating to
consulting by university faculty, and is dis-
cussed in the final section of this chapter.

Despite these concerns, industrial research
contracts worth more than $3 million were nego-
tiated and executed in the Ontario engineering
schools over the period 1967-1970. This repre-
sents a sharp increase in such activity, and indi-
cates that the contracted research project may be
a vehicle for successful cooperation. Now that
this scheme is proving to be effective, it is
reasonable to anticipate that university outreach
will grow in volume and in scope. The impor-
tance of such activity is brought to the fore in
periods of financial stringency such as the one
being experienced at the present time, when the
size of industrial research and development staffs
are held to existing levels.

INTER-UNIVERSITY COOPERATION

A good deal of informal cooperation among
universities has taken place in the sharing of
expensive research facilities. Arrangements such
as the one developed by Toronto and McMaster
for the operation of a high-frequency nuclear
magnetic resonance spectrometer have worked
admirably and should be emulated where other
neighbouring schools have coincident require-
ments.

There seems to be less cooperation in the
development of research programs where each
participating campus could fufil a specific role.
One such joint effort is the recent proposal for
a negotiated development grant for communica-
tions research to be undertaken at Carleton and
Queen's although one wonders at the exclu-
sion of the University of Ottawa.

In considering the opportunities for coopera-
tion in research activity, the study group was
struck by the unique situation that exists in the
Ottawa area where two engineering faculties are
separated by a distance of less than four miles,
each below "critical size", yet each with its parti-
cular character. Surrounding them is the most
concentrated research effort in the country the
National Research Council, Department of
Energy, Mines and Resources, Defence Research
Board, Department of Agriculture and Bell-
Northern Research. In Chapter 4 we have sug-
gested that it is a natural locale for a talk-back
television system as an experiment in part-time
graduate studies. Furthermore, we shall recom-
mend that the combined educational role of these
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two schools should be that of Information Systems
Engineering which could include such a broad
spectrum of activity as instrumentation and con-
trol, microwave systems, remote sensing, corn-
niunication, optical engineering, avionics and
antenna systems. It is a natural extrapolation to
recommend that the research role of these neigh-
bouring faculties should be a joint one, since it
provides a unique opportunity to exploit the,
coalescence of skills and faculties.

ENGINEERING RESEARCH
EXPENDITURE

It is difficult to form a reasoned viewpoint on
whether or not research expenditure is appro-
priate to the needs of the economy, and whether
present financial commitment to research is
justifiable when considered as a proportion of
the total expenditure on engineering education.
It has come to be recognized that comparisons
with other countries are not very informative,
and that the gross national product is a poor
indicator of the goals for an industrial nation.
Probably one is not even justified in attempting
to draw conclusions from the expenditures in
the different areas of engineering research, since
some forms of such endeavour are much more
expensive than others. Today, more money is
available for engineering research than at any
time in the past. Indeed, sufficient funding is
available to look after all of the really worth-
while engineering research in the universities of
the province, although its distribution may be
somewhat uneven.

Table 5-1 represents the total research grants
made by all agencies for the support of projects
and the salaries of some of the research person-
nel (graduate students, post-doctoral fellows,
and technicians) .

Table 5-1

RESEARCH GRANTS IN ONTARIO FACULTIES OF
ENGINEERING

Total Grants ($000)
University 1968-69 1969-70 Two-year-Total

Carleton 194 229 423
Guelph 210 210 420
McMaster 774 1,153 1,927
Ottawa 209 261 470
Queen's 765 615 1,380
Toronto 2,150 2,541 4,691
Waterloo 1,333 1,782 3,115
Western 517 391 908
Windsor 294 391 685-- ---

6,446 7,573 14,019



The figures given above do not represent the
full cost of research programs, for most univer-
sities make substantial budget allocations for
special research projects and for the mainte-
nance of graduate student stipends. Income from
the Province of Ontario, based upon the formula
for graduate student enrolment in engineering,
was $10,166,000 for 1968-69 and approximately
$11,500,000 in 1969-70. Thus, a rough estimate
of the cost of graduate studies and research in
engineering in the last two complete academic
years was $16.6 million and $19.1 million
respectively.

The most important activity in our graduate
schools should be the extension of the skills of
students assuming, of course, that they will
have the opportunity to practise these skills.
Over the past five years, substantial numbers of
master's degrees have been awarded, while the
number of doctorates doubled between 1965 and
1969. (Appendix B, Tables B-8, B-9) . At the
present time, a large number of Ph.D. candidates
are enrolled, which means a rising number of
Ph.D. graduates through 1973. It is because of
the prospect of a considerable over-supply in
matching Ph.D. graduates with appropriate
employment opportunities that we have recom-
mended a curtailment in programs at the doc-
toral level.

An indication of the yields from research
programs is given in Tables 5-2 and 5-3, which
summarize these efforts on the basis of both
faculty and research subject. The average rate of
publication per professor is a little over one
reviewed paper a year, although it does vary
widely from institution to institution, from a
single publication every two years totwo papers
a year. It would be hazardous to draw any con-
clusions from this difference, except to suspect
that the lowest figure reflects an underdeveloped
research program, while the highest figure may
indicate that the undergraduate program is
receiving insufficient attention.

Though filing of patents is not a primary aim
for a faculty of engineering, it does give some
indication of the relevance of research to indus-
try. Over the past two years the number of
patents granted has shown an increase, possibly
as the result of a swing towards mission-oriented
research. The present total for all schools in
Ontario is about 50 patents a year. Our data do
not include an estimate of the income derived
from them.

Probably, it is impossible to decide whether
or not the present intensity of research is appro-
priate to the Ontario university scene such
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a cost/benefit analysis is too sophisticated for
this study. Indeed, it is unlikely that such an
evaluation could be applied with any confidence.
However, our recommended curtailment of
Ph.D. programs should not be interpreted as a
suggestion that university research effort is too
extensive; it is based solely on the supply of
students and the demand for their services fol-
lowing graduation. The present scale of research
effort appears to be appropriate, particularly in
view of industrial retrenchment. This level
should be maintained by the natural growth of
enrolment in master's programs, and by making
greater use of technicians and post-doctoral fel-
lows. Therefore, some of the savings realized
from curtailment of doctoral studies must be
made available for these other purposes.

BALANCE OF EFFORT: TEACHING,
RESEARCH AND CONSULTING

The essence of engineering is the integration
of the principles of science into the solution
of practical problems confronting our society.
Members of such faculties have a particular
obligation to keep abreast of the changing scene
and of techniques being developed by industry,
in addition to their traditional responsibilities
for teaching and research. This can be accom-
plished by sabbaticals in industry, by setting up
a satellite campus on an industrial site and by
providing professional consultation. To date,
industrial sabbaticals have been relatively rare,
although the reports on them are enthusiastic.
In order to stimulate this kind of interchange,
the National Research Council is giving con-
sideration to implementing Senior Industrial
Fellowships tenable in industry, where the
holder need not restrict his work to research and
development activity. The intent is to extend
university/industry interaction beyond the lab-
oratory or pilot plant.

Since the experiment of a satellite campus has
yet to be tried in Ontario, consulting activity is
still the most important vehicle for university/
industry interaction. All universities should have
definite regulations on consulting by faculty
members, and most campuses in Ontario already
do. In the absence of a clearly stated policy, the
academic program can become relegated to a
position of secondary importance.

There are three long-standing criticisms of
the practice of consulting by university faculty
members. The first has been noted above; the
second is the realization that an individual may
derive extra income by diverting some of his
effort away from the specific tasks for which he
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was engaged. Third is the concern that a profes-
sor may be providing unfair competition for the
private consultant who must sustain the full cost
0: overhead in carrying on his practice. While
such criticisms are valid, nevertheless there are
significant advantages to be gained for a uni-
versity from encouraging faculty consulting. An
intimate knowledge of current industrial prac-
tice adds to the teacher's sense of topicality.
There are many examples (although rare in
Canada) of entire industries which have been
established and are flourishing as a result of
industry/professor interaction. At the present
stage of Canada's technological development,
with the preponderance of "high technologists"
working in the universities, such institutions
provide industry with a skill resource that would
otherwise not be attainable. For these reasons,
we believe the engineering faculties of Ontario
should encourage faculty consulting, within the
terms of an acceptable policy. Usually this speci-
fies that 40 to 50 days should be the maximum
time devoted to consulting in any one year. The
study group favours the lower figure.

The evolution of the schools of engineering
has taken place during a-period of vigorous aca-

demic expansion and technological change. This
has resulted in heavy emphasis on the research
skills of university teachers, so that by 1970 the
total research effort is substantial, quite appro-
priate in size to the extent and nature of the
system. However, although there is room for con-
cern that too much of this research still lacks rele-
vance to national needs, present funding is suffi-
cient to finance all of the worthwhile work now
under way. As research programs mature, centres
of excellence have begun to appear, each with
special reference to certain facets of Cana-
dian needs, and industrial involvement is devel-
oping, albeit ,still too slowly. As can be seen
from Appendix E, the assembly of capital facili-
ties and equipment has been substantial, so there
is an adequate base from which to proceed into
the 1970s.

This build-up of research capability has been
accomplished in part at the expense of the under-
graduate program. Now that it has achieved
critical size, attention should be directed toward
experiments in educational technology and inno-
vation in undergraduate education. Research can
assume its appropriate significance as an integral
part of the system.

Table 5-2

AREAS OF RESEARCH EFFORT IN ONTARIO FACULTIES OF ENGINEERING

UNIVERSITY
No. of Faculty

(1969-70)

Graduate Students
(1969-70)
Full-time

Equivalent

Master's
Degrees
1967-69
1968-69

Ph.D. Degrees

1967-68
1968-69

Research
Support
1969-70
($000)

Publications

1967-68
1968-69

Patents

1967-68
1968-69

1. Carleton 35 115 27 6 229 35 3

2. Guelph 30 23 28 1 210 30 2

3. McMaster 61 184 75 16 1,153 260 6

4. Ottawa 39 156 34 9 261 103 3

5. Queen's 92 168 58 11 615 124 6

6. Toronto 200 625 294 57 2,541 595 58

7. Waterloo 164 456 202 42 1,784 473 3

8. Western 39 79 45 1 391 72 12

9. Windsor 48 87 49 3 389 65 3

TOTALS 708 1,893 812 146 7,573 1,757 96
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Table 5.3

ENGINEERING RESEARCH IN ONTARIO UNIVERSITIES

CATEGORY

(1969.70)
No. of Grad.

Students

Master's
Degrees
1967.68
1968.69

Ph.D. Degrees Research
1967.68 Support

1969-70
1968.69 ($000)

Publications

1967.68
196K-69

Patents

1967.68
1968.69

1. Acoustics 4 6 0 5 1 0
2. Aerodynamics 124 51 11 879 82 4
3. Antennas 11 3 1 27 5 0
4. Applied Physical Chemistry (misc.) 35 10 9 204 46 9
5. Bio-engineering 27.5 21 2 88 39 1

6. Biomedical Engineering 29 11 3 120 28 2
7. Ceramics 7 0 0 30 19 0
8. Chemical Kinetics and Reactor Design 46 12 4 159 60 3
9. Circuit Theory 0 1 0 5 5 0

10. Communications Technology 58.5 30 3 203 55 5
11. Computer Hardware 61 24 3 123 19 2
12. Control Systems 99 53 3 206 78 0
13. Corrosion, Electrochemistry 3 1 0 3 I 0
14. Design and Production 33 II 1 92 24 1

15. Dynamics and Stability 19 6 1 58 18 0
16. Ecological Engineering 72 42 I 450 54 6
17. Electrostatics 11 7 1 85 8 7
18. Energy Conversion 15 5 1 57 9 0
19. Engineering Management
20. Extractive Metallurgy 62 23 6 461 106 5
21. Fluid Dynamics 78 36 15 407 87 5
22. Geotechnical 58 34 6 242 56 10
23. Heat and Mass Transfer 82 30 8 279 89 1

24. Hydrology 50 21 1 110 32 0
25. Information Systems 4.3 . 2 0 4 0 0
26. Materials Handling 39 14 3 181 46 2
27. Material Research (general) 35.2 17 3 175 61 3
28. Microwaves
29. Mining and Mineral Processing 21.5 11 0 50 18 0
30. Nuclear Engineering 10 0 0 35 16 0
31. Ocean Engineering 16 5 3 100 16 1

32. Operations Research 34.5 15 4 69 22 0
33. Optics 3 0 0 42 2 A 0
34. Physical Metallurgy 58.5 30 5 528 148 6
35. Plasma Technology 19 8 5 139 32 2
36. Polymer Technology 38 14 1 225 92 9
37. Power Transmission and Distribution 66.2 27 7 195 65 6
38. Process Design and Simulation 24 10 4 120 61 0
39. Solid Body and Continuum Mechanics 158 45.1 3 284 47 0
40. Solid State 64 24 2 226 52 3
41. Str,ess Analysis and Structural Design 172 91 17 462 95 0
42. Surveying and Mapping 8 5 0 65 6 1

43. Systems Analysis and Design 42 26 9 81.5 22 1

44. Thermodynamics 49.5 12 4 210 39 0
45. Transportation Systems 45.3 17 2 156 21 0

Totalsa 1,893 811 152 7,640.5 1,822 95

a There are discrepancies between Tables 5-2 and 5-3, presumably because of overlapping fields of research interest.
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THE PROFESSORS

In 1969-70, the 721 faculty members of engi-
neering schools in the provincially-assisted uni
versities were distributed as follows:

Table 6-1

FACULTY MEMBERS

University Number

Carleton 35
Guelph 30
Lakehead 9
Laurentian 4
McMaster 61
Ottawa 39
Queen's 92
Toronto 200
Waterloo 164
Western 39
Windsor 48
Exclusive of part-time faculty.
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Since it is impossible to compose a verbal com-
posite picture of this group, the relevant infor-
mation on our professors of engineering is
presented in histogram form in Appendix F. It
shows that 519 (72%) of these university teach-
ers hold Ph.D. degrees, 144 (20%) hold master's
degrees, and 58 (8%) hold only bachelor's
degrees. McMaster has the highest proportion of
faculty with doctoral degrees (92%) and
Guelph the lowest at 25% . An examination of the
disciplines shows that metallurgy and materials
sciences have the highest proportions of faculty
holding Ph.D.'s.

Even though nine scho. Is are relatively new,
the age distribution of the group is broader than
might be expected. The median is 38 years, with
metallurgical engineering having the highest
average of 41 years, and civil engineering the
lowest, 33 years.



The country of birth fur the engineering
faculty is as follows:

Canada 48%
United States 4
United Kingdom 1(i
Other

The two !mullein schools. Laurentian and
1,al.( head. lime the highest proportion ()I Can.
adian.born faculty. with 71% and respec-
tively, while Ottawa has the lowest. %vial 28%

An indication of the development of Canadian
engineering education is given by the propor-
tions of the origins of faculty degrees:

I In iversity of Tomlin)
Other Canadian shies
United States
United Kingdom
Other

21%
22
26
23
s

A possible reason for the sameness of th( Ontario
engineering schools is that the rniversity of
Toronto has educated such a large percentage
of the province's engineering professors. Guelph
has the highest proportion of Canadian-educated
professors (56%) , %%nk' Western has the lowest
(33%) . The highest proportion of Canadian

advanced degrees is in chemical engineering
(43(,"( ) , and the lowest in civil engineering
(35%) .

.%s mentioned earlier in this report (pages 21
and 23) there have been frequent expressions
of cow-cm over the bas kground of jnofessional
experience beyond the university. This is given
for the pro% ince as a whole in Table 6.2.

Tabl 62
oi PR( 1' I ssIONAL PRM: 11(11' A MOM'.

MEMBERS 01' ON TAM° l'ACULTIES
\ KING

Years r; of Total Faculty Population

0 15
1 8
2 12
3 8
4 9
5 6.

6.10 18
11.15 13
16.20 5

Over 20 6

42%

',idiom, or other. not including academic or leaching cpmen.:e

The extremes in this compilation are repre-
sented by the University of Toronto, where
45.5% of the faculty have more than five years'
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industrial experience, and NIMaster, where the
corresponding figure is 32.8%.

It is most important that considerable teach-
ing expertise :yetimulate within the system. The
average figures for Ontario at the present time
are shown ilt 'rabic 6-3.

Table 6.3

Yt.sits or TI.M.IIING EXPFRIENcE IN ON I Aluo
EACIII.TIEs 01; ENGINEERING

c.u

0

2

3
4
5

6-10
11-15
16-20

Over 20

ri of Total Faculty Population

1

7

8
11

9
7

27
16
6
8

43%

57%

It can be seen that the range of teaching
experience is wide at McMaster (15.5% have
more than five years. while for Carleton the cor-
responding figure is only 31.5%, with the pro-
vincial median being 7 years.

Facility mobility appears to be fairly high.
61% of the professors having been members of
their present faculty fur less than five years. At
Toronto 50% of the faculty have more than five
Years' service there. while at Carleton 83%
have been there fewer than five years.

As has been noted elsewhere in this report,
the educational process is closely linked with the
professional aspects of engineering. Mitch of the
individual's professional indoctrination begins in
university, and therefore it is of interest to see
the extent to which faculty members are regis-
tered professional engineers. The figures show a
wide variation from discipline to discipline
and from university to university as revealed in
Table 6.

Table 6.4

PERCENTAGE OF EAcI.I.TY W110 ARE
REGISTERED PROEESsIONAL ENGINEERS

Discipline
Prinincial
Average

Chemical 45 Toronto: 85 Western: 14

Civil 85 Windsor: 100 Ottawa: 75
Electrical 56 Western: 83 Waterloo: 38
Mechanical 60 Toronto: 78 Waterloo: 43
Metallurgical 47 Windsor: 80 McMaster. 20
Industrial 27 Toronto: 42 Windsor: 0
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If registration as a professional engineer can
be tan as an indication of professionalism,
then Toronto has the highest iIvolvement with
73% of its faculty on the roll. At the other end
is Water)°, with only 46% registered. The pro-
,ncial average is 59%. It dc es seem strange that
industrial engineering is the one having the least
professional involvement. The important uspects
of professionalism an acknowledgement of a
code of professional ethics, the background of
Canadi: technological history and of Canadian
technc...gical environment are not being
treated in a serious fashion at most of the
Ontario engineering schools. Few engineering
calendars show the designation P.Eng. in listing
members of faculty. While it all but impossible
to teach professional attitudes otherwise than
by example, the surprisingly low proportion of
faculty so registered does not present the best
kind of professional image to the student.

With the exception (if Carleton, there are few
adjunct appointments of private consultants or
of engineers from industry, although the reports
are enthusiastic where it has been tried. The
study group believes this practice should be ex-
tended and we adopt as our own the recom-
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mendation in a joint university/industry study
cinnpleted recently in England:

(6:1) "We feel that both universities and industries
should recognize this activity as part of the career
structure of their senior staff, and joint appointments
should" be increased as far as possible. We would
hope that in time there would be at least one joint
appointment in each department, certainly in those
relevant to industry."'

Now that an opportunity fol consolidation is
in prospect, it does seem appropriate that more
attentioa be devoted to the development of
teaching excellence on the part of members of
faculty. If we are to enhance the educational
experience of the undergraduate, more time
lutist be devoted not to producing yet another
isolated coin-sc.?. but to a continuing program
of relevant curricular design and pedagogical
development.
'IndnAtry, Selene(' and the Universities. Confederation of British Indus-

try. London, July 1970.
,"Some day soon. one of the Canadian universities will set up a course
on the care and teeing of camels. And will the people who graduate
in it 1,u to the East? Don't be silly; they'll just go to other
Canathm un4e,.ities and set un courses there on the care and feeding
of camels. Graduates from these courses will g.1 to teach the subject
in high . chools and community college,:. Eventua:ly Canada will have
10.000 ac.redited camelologists. none of whom has ever seen a camel."
Richard J. Needham in the Toronto Globe and Mad...lovernber 17.1970.
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THE PROFESSION

The fundamental purpose of an engineering
education is to prepare young people for entry
into the profession. The relationship between
the profession and educational institutions
should be very close. Consequently, we have
studied certain elements of the practice of engi-
neering in order to develop recommendations
related to universities concerning entrance into
fLhe profession, requalification and the accredi-
tation of engineering programs.

ENGINEERING AND SOCIETY
A definition of engineering was set down for

the first time in 1828 by the Institution of Civil
Engineers in Great Britain. It was described as
"the art of directing the great sources of power
in nature for the use and convenience of man."'
More recent definitions have replaced the phrase
"use and convenience of man" with such words
as "benefit of man", where the word "benefit"
'Charter of the Institution of Civil Engineers, 1828.

implies not only use and ccuvenience, but also
social resr, onsibil ity.

As we move into the 1970s, the profession of
engineering finds itself in a vulnerable position
brought on by the wave of social concern of
young people, together with the accelerating
erosion of our physical environment caused by a
disregard for the consequences of technology.
Today, engineering has an unappealing image
for many young people as they turn from the
physical to the social sciences or the humanities
in a search for answers to questions about timeless
values and the quality of life.

Engineering is regarded by many as a profes-
sion without a social conscience, but surely this
is a paradox, since a profession cannot be worthy
of the name if it has no social conscience. The
interaction between engineering and society can
be illustrated by a functional diagram (Fig. 7-1) .
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ENVIRONMENT

MEASUREMENT

Figure 7-1 THE ENGINEERING PROFESSION AND SOCIETY

The engineering profession is responsible to
employers and clients for the creation, manage-
ment or control of products and processes that
influence and alter our physical environment.
The result of its activity will be detected, mea-
sured and evaluated by society in the form of
public opinion. It is in this way that society
holds the profession, the politician and the
employer or client accountable for the effects of
their actions, good or bad, on the physical
environment.

Engineering involves specialized knowledge
and techniques, and because such activity affects
the physical environment, the profession is regu-
lated by law to protect the public against incom-
petence and fraud. In Ontario, as in the other
provinces of Canada, licensing and regulating
powers have been provided through an Act of
the Legislature, to permit the profession to exer-
cise its powers, and to provide remedies against
incompetent or dishonest practitioners.2 While
no such Act is capable of regulating all engineer-
ing works, the public does hold the engineer
accountable for socially undesirable action, and
so it behooves the profession to minimize such

2"The granting of self-government is a delegation of legislative a4
judicial functions and can only be Ratified as a safeguard to the public
interest. The power is not conferred to give or reinforce a professional or
occupational status." Royal Commission Inquiry into Civil Rights.
(Toronto: Queen's Printer, 1968). Report No. 1., Vol. 3., p. 1162.
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action. Its public esteem, prestige and useful-
ness will vary according to how well its mem-
bers perform in this closed loop system. It is for
such reasons that engineering is being held
accountable for the despoiling of our physical
environment. Of course, every profession is simi-
larly accountable for its own related environ-
ment medicine for the environment of health
care and law for the civil environment.

For the purposes of this study, the definition
of engineering that will form the basis for many
of the final recommendations is the following:

"Engineering is a profession, responsible and
accountable for man's physical environment,
its management and control."

Such responsibility and accountability must be
shared with others, and therefore the definition
is equivocal and meant only to serve the pur-
poses of this study.

ENTRANCE INTO THE PROFESSION
For many years, the demand for engineers in

Ontario has outstripped the local supply, and
approximately one-third of the members of the
profession have received their education in other
countries.

Many of these members graduated from insti-
tutions or programs that are not recognized in



Ontario. Others, from Canada and abroad, while
not possessing engineering degrees, have sought
professional status on the basis of their experi-
ence and academic background acquired through
self-study. A syllabus of entram e examinations
was established for such individuals, which is
deemed to be equivalent to the baccalaureate
standard from an accredited uniTrsity program.
Each candidate is assessed, and a candidate's
academic record may permit certain entrance
examinations to be waived. Such a system per-
mits persons unable to enter or complete univer-
sity to be assessed objectively. It has provided a
practical and just alternative for those who
would be shut out on grounds other than failure
to attain proper standards of competence.

In recent years, the files of the Association of
Professional Engineers of Ontario (APEO) have
contained approximately 4,000 such applicants
at any given time. Each year, about 25% drop
out, to be replaced by an approximately equal
number. This examination procedure is oper-
ated annually by the APEO at many centres
throughout Ontario. in other provinces and even
outside Canada. In 1970, a total of 732 candi-
dates wrote 1,746 papers. Only 3% actually
satisfy the requirements for entering the profes-
sion, and in the main these are candidates pos-
sessing degrees from non-accredited institutions.

The extremely low number of successful candi-
dates from the relatively large pool of applicants
appears to confirm. the conviction of academics
that a university setting provides a better way to
master a body of knowledge. Onc must conclude
that a much higher success rate would result
from the completion of a formal course of study.

Today, with universities spread throughout
Ontario, it should be possible to offer under-
graduate courses at times convenient for those
employed full-time during normal working
hours.3 In the past, attempts to provide such
classes have net with scant success because of a
lack of numbers. The use of the new media,
such as television, would ease the programming
problem by making it possible for such classes
to be held off-campus. Furthermore, a proposed
new program for requalification should increase
the size of classes in the more specialized
subjects.

Initially, the syllabus must be equated to
specific undergraduate programs, and the suc-
cessful completion of such courses recognized as
credit towards entry into the profession. Univer-
sity admission standards, which are in effect a
'In 1970-71. the University of Toronto is offering pan-time classes in its
School of Extension for credit toward completion of the first year of
engineering.
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preliminary screening, should lower the present
attrition rate.

While this procedure is being developed, it
will be necessary to continue with the APEO
entrance examinations, but the numbers of can-
didates should decline as more and wore indivi-
duals turn to part-time studies provided by the
universities. When the number of such courses
available amounts to a complete engineering
program, then universities can offer a bachelor's
degree to all candidates who successfully com-
plete the syllabus. tinder these circumstances, it
would be practical for the profession to insist on
an engineering bachelor's degree from a recog-
nized university. together with the requisite
experience as a graduate engineer-in-training
as the minimum standard for professional
registration.

It is recommended that:

(7:1) the universities introduce part-time undergradu-
ate studies as an acceptable alternative path to a
recognized bachelor's degree in engineering, and that
when this scheme is fully operative, the present
APEO examination system be terminated.

Thus, any candidate will continue to have a
route into the profession that could be followed
without excessive financial hardship. An APEO
examination might still be required for special
cases in locations outside Ontario.

In any such plan, appropriate recognition
should -be granted to the specialized three-year
curriculum leading to a diploma in technology,
offered by the CAATs. Elsewhere in this report
(page 81) , a case has been made for a two-year
full-time post-diploma degree course in engineer-
ing. This would be made possible by altering the
sequence of material to create a curriculum
structured especially for CAAT diploma gradu-
ates. Similarly, university admission require-
ments for such students seeking entry into the
profession through part-time studies should
recognize certain material already covered in the
CAAT diploma program. At the present time
this is not done, and the diploma graduate
usually enters at the level of the second year.

The above plan would place the universities in
a monopolistic position in determining whether
or not a candidate has the academic qualifica-
tions to enter the profession. However, the suc-
cessful achievement of academic qualification
should not be the only requirement for admis-
sion into the profession. It is suggested that the
applicant should acquire the equivalent of two
years of acceptable engineering experience as
a graduate engineer-in-training, during which
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period he would be exposed to an environment
that encourages the development of professional
conscience, responsibility, maturity and judg-
ment. If the profession is to discharge its respon-
sibility, then it must be satisfied that the
applicant will enter professional practice having
dne regard for the public interest. Each gradu-
ate engineer-in-training should prepare a short,
structured dissertation on his experience, which,
if satisfactory, would entitle him to sit for a
final examination in professional practice to be
set and administered by the profession. In this
way, universities would not be the sole arbiter,
and the profession would be satisfied that all its
members have developed an awareness of their
responsibilities and obligations as practising
engineers.

The recommended alterations in entrance
requirements (page 7) will require the schedu-
ling of "make-up classes" in the first veaL If this
is coupled with the recommendation in regard
to part-time degree studies, a convincing case
can be made for offering engineering classes
during the summer months a time when many
high school teachers are in university. Hence, it
provides an ideal opportunity to involve them in
technology-related subjects. Concern has been
expressed over the fact that engineering has not
been getting its story across to the high schools.
It would be necessary to create special classes in
technology for such teachers, but the resulting
long-term benefits to the profession and society
are indisputable.

REQUALIFICATION

Since accountability is the hallmark of any
profession, surely there is reason for insisting
that its members maintain and enhance their
ability to account to society for their actions.
The dynamism of tomorrow's technology will
soon render today's techniques obsolete. The
half-life of the content of the present engineering
curriculum is no more than five years,4 and so
there is a compelling need for the continuing
education of the engineer, together with a
requalification process. In this way assurance can
be given to those served by the profession that it
intends to fulfil its obligation to society.s

'Allen B. Rosenstein, A Study of a Profession and Professional Educa-
tion, U.C.L.A.., School of Engineering and Applied Science. EDP 7-68.
December 1968, Part II, o. 11-11, Appendix A. (The half-life of a
curriculum is that period .31 time during which one-half of the initial
content of the program will change.)

slivort of the Committee on the Healing Arts (Toronto: Queen's
Printer, 1970). Recommendations 11 and 12, Vol. II, p. 81 a program
for ensuing continuing competence where, perhaps every five years,
every physician in Ontario would be required to submit a certificate
stating he has maintained a satisfactory level of competence; and a
recommendation that Ontario faculties of medicine develop such a
program.

34

For engineering, as for the other professions,
this requalification process should come as
rapidly as possible. The profession's membership
is large, with deeply rooted patterns and tradi-
tions. Thus we arrive at a major interface
between profession and university in that the
latter should play a significant role in any plan
of requalification.

One could insist that all members, without any
exceptions, must requalify at periodic intervals.
However, it would be more practical to estab-
lish specialist categories within the profession for
which requalification is required, and then grad-
ually introduce limitations of practice within
these categories. Members in the consulting
sector should be the first to change because of
their direct involvement with public works.
Others would take a longer time and it may be
that a whole new generation would join the pro-
fession before universal requalification became
accepted as the normal pattern.

Traditionally, the success of an engineer hr,s
depended on his knowledge of the physical
sciences, mathematics and technology. With this
background, and with experience, he can be
given responsibility for engineering works. How-
ever, we have maintained that the profession
carries with it the requirement of accountability:
to be aware of the social consequences of engi-
neering works. For this, one must develop sensi-
tivity towards social, psychological and political
forces, and even aesthetics. The subjects dealing
with such forces have formed the basis of the uni-
versity arts curriculum, but here we are interested
in them only insofar as they pertain to the pro-
fessions. Dr. Allen Rosenstein calls this aspect of
these subjects the "applied humanities".6 For
the engineer of tomorrow. these will be as impor-
tant and as necessary as his technical specialty. A
lack of competence in either area will result in
failure as a professional man or woman.

We will show (page 49) that the majority of
engineers move into occupations that are asso-
ciated with either the control or management
of the physical environment, but accountability
is common to both. Competence should be
demonstrated along these lines, and this could
form the basis for a structured requalification
program. Control relates to occupations involv-
ing research, development, design or operation
(i.e. technology and science) ; management

implies competence in areas such as economics,
accounting, finance, marketing, production, and
the behavioural sciences. We recommend that:
'Rosenstein, Study of a Profession. H-11. See also W. H. Davenport and
J. P. Frankel. The Applied Humanities, U.C.L.A. Department of
Engineering, EDP 3-68, May 1968.



(7:2) periodic requalfficafion (perhaps every five
years) be initiated so as to require successful com-
pletion of a course of study in either control or
management, or a combination of these two, together
with a structured program in applied humanities.

The details are a matter for the profession to
establish in close coordination with the educa-
tional community principally the universities,
but also the CAATs and the professional soci-
eties and associations.

The graduate material of but a few years ago
now is being taught in undergraduate classes.
This downward drift of new knowledge has
always existed, but in recent years it has moved
into the secondary and even primary schools.
Therefore, the demands on the universities in
response to a program of requalification will be
felt at both the graduate and the undergraduate
levels. Again, this raises the matter of part-
time studies, class programming and television
instruction. Part-time graduate studies in engi-
neering are presently available in several univer-
sities, but the opportunity to do part-time work
at the undergraduate level is virtually non-
existent. Furthermore, the scheduling of classes
to meet the needs of the practising engineer and
aspiring entrants into the profession should
create pressures to develop instruction by televi-
sion at a more rapid rate, and could lead ulti-
mately to the widespread use of electronic video
recording. These matters should be the sub-
ject of a detailed study conducted jointly by
the practising profession and the engineering
schools.

The requalification of the engineering teach-
er poses a different problem. The requirement
is not so much the need to acquire new knowl-
edge in his chosen field, which is part of his
regular academic duties, but rather the main-
tenance of a continuing awareness of the real
world of engineering outside the university.
Consulting and industrial sabbatical periods
can be effective in achieving this aim, but a
further opportunity exists. When a requalifica-
tion program is under way, many of the classes
could be in the form of open seminars so that
there may be an exchange between senior engi-
neers and the academic staff. In this way both
groups benefit, and the teacher can gain a broad-
er perspective on contemporary engineering
practice.

Today practising engineers, particularly the
employee sector, find themselves in a dynam-
ic environment where occupational mobility
becomes the only alternative to obsolescence and
unemployment. Continuing education, rein-
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forced by the requalification program, could
remove the present barrier to mobility. Eco-
nomic benefits, although not readily measurable,
should be substantial, because this form of con-
tinuing education would have the effect of more
closely matching manpower resources and man-
power needs.

ACCREDITATION

In Ontario, as elsewhere in Canada, most
young people enter the profession after the suc-
cessful completion of a recognized engineering
program in a university, followed by a specified
period of time spent as a graduate engineer -in-
training. Accreditation is the procedure whereby
an engineering program, faculty and facilities are
recognized by the profession. It was first intro-
duced on a national scale in the United States
in the early 1930s by the Engineering Council
for Professional Development (ECPD) . The
impetus for accreditation at that time arose from
a rapid proliferation of engineering schools with
varying standards. It has gained steadily in pres-
tige, so that today few institutions ignore it. The
ECPD, which is not .a licensing body, publishes
a list of accredited curricula leading to first
degrees as guidance for young people planning
an engineering education in the United States.

In Canada, accreditation has only been con-
ducted by the licensing bodies. While accredita-
tion in the United States is for a stated period of
time, in Canada, until very recently, accredita-
tion has not been limited in this manner.

Accreditation in both countries involves sev-
eral criteria, which entail aspects of both quality
and character. These are:

(1) curriculum content and its relevance to engi-
neering practice,

(2) teaching staff and teaching loads,

(3) physical facilities, including library,

(4) administrative practices and arrangements.

The Canadian Council of Professional Engi-
neers, a national agency coordinating the eleven
provincial and territorial constituent organiza-
tions, formed the Canadian Accreditation Board
(CAB) in 1965. One of its stated objects is to
"make a complete re-assessment of all accredited
curricula at regular intervals to be established
by the Board, but not exceeding five years". This
in in sharp contrast to the traditional practices of
the constituent organizations by which accredi-
tation, once granted, was never repeated.

The Ontario Accreditation Committee of
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APEO carries the responsibility for accrediting
engineering programs to be recognized by APEO
for registration purposes. This committee may
be replaced by CAB, leaving a single national
body to deal with accreditation.

There are four issues relating to accreditation,
as they apply to engineering education and the
recommendations of this report:

(1) accreditation of new programs being intro-
duced in various universities,

(2) periodic accreditation of existing programs,

(3) accreditation of classes in continuing educa-
tion programs designed to lead to registration.

(4) accreditation of classes and programs
designed for requalification.

1.Accreditation of New Programs

Both the Ontario Department of University
Affairs and the Committee of Presidents of Uni-
versities of Ontario (CPUO) are concerned
about the proliferation of new programs. The
Ontario Council of Graduate Studies (OCGS) ,

an affilfate committee of CPUO, has developed
an appraisal scheme for assessing the quality of
new graduate programs proposed by Ontario
universities. Similarly, appraisals are needed at
the undergraduate level, not only to ensure
quality, but also to control program prolifera-
tion and it is hoped to effect more of a
match with the need for new curricula to meet
changing manpower requirements. The most
appropriate group to conduct such evaluations
would be the Committee of Ontario Deans of
Engineering (CODE) . If CODE were to per-
form this function, and if CAB were represented
on the appraisal team, then its accreditation
requirements on new programs could be
satisfied.

Therefore, it is recommended that:

(7:3) CODE undertake the appraisal of proposed new
undergraduate programs, using essentially the same
procedures employed by OCGS in regard to new
graduate programs. Also, CODE should evaluate the
need for each new program with respect to academic,
cost and manpower considerations. In regard to such
appraisal, CAB should participate so as to avoid
unnecessary duplication and permit simultaneous
accreditation.

2. Periodic Accreditation of Existing Programs

The universities maintain that the present
accreditation system is not meaningful because
36

it applies only to the setting up of a new pro-
gram. Furthermore, programs in existence when
accreditation was introduced in Ontario have
not been accredited. Now, because of changes
that have occurred, both in relation to curricu-
lum and to the resources available for such pro-
grams, the profession should question the con-
tinuing validity of any accreditation. CAB is
faced with the task of reassessing current curri-
cula, since original accreditation is to expire in
November of this year. It is to be undertaken
only at the request or with the consent of both
the provincial association and the educational
institution concerned.

The question naturally arises: why should the
universities respond to such requests? The
answer is easy: if engineering, as a self-regulating
profession, is responsible and accountable for
man's physical environment, and if an engineer-
ing education is to prepare young people to enter
the profession, then there should be an obliga-
tion on the part of educators to provide continu-
ing assurance that their programs measure up to
the needs of the profession. Moreover, in the
past, accreditation has had a salutary effect on
the enrolment patterns of several of the new
engineering schools. Therefore, it is in the best
interests of the universities to cooperate in mat-
ters related to accreditation, particularly as the
students will want some assurance that the
programs they enter will be recognized by the
profession.

CPUO is beginning to develop data banks
which could contain the quantitative informa-
tion needed for re-accreditation. For engineer.
ing, the logical focus for this activity is CODE.
It is in a position to coordinate the generation
of data in response to its own needs, consistent
with the form compiled by CPUO. As the stock
of data expands, the task of re-accreditation
should become easier, and in the long run the
teams visiting a university will only be required
to make qualitative assessments. The problem
posed by data bank privacy may arise, but this
is a matter that can be settled between CODE,
CPUO and CAB. Therefore, it is recommended
that:

(7:4) CAB re-accreditation, requested and/or
approved by APEO, be coordinated through CODE,
which ultimately should be in a position to provide
the required quantitative data.

3. Accreditation of Classes in Continuing
Education

We have recommended that classes in the part-
time program of a university should relate



directly to the syllabus of entrance examinations
into the profession. This implies that the pro-
fession will have to address itself to the problem
of accepting specific classes as credit towards
registration. When such a plan is in operation,
CAB and the provincial accreditation commit-
tees could be faced with a flood of detail on
classes offered by each university. As an alterna-
tive, it would appear reasonable to follow the
pattern proposed for new programs, and subject
each one to a modified appraisal procedure. This
could be facilitated by the use of data hank and
computer techniques, which would appear to be
the only tractable way of coping with such a
large amount of detail. Information on classes in
continuing education programs could he coor-
dinated and provided to the accrediting bodies
by CODE.

4. Accreditation of Requalificalion Classes and
Programs

A similar argument applies for requalification
classes. The accrediting bodies will Face the
problem; and again one solution would be the
computer and data bank approach, with CODE
coordinating the provision of necessary data to
the accrediting bodies. A further element is the
accreditation of classes and programs offered by
the CAATs and the professional societies and
associations; but this is a matter that lies beyond
the scope of this study.

We have urged that there should be closer
bonds between the educators and the profession.

7 The Profession

It was distressing to discover that only 59% of
the teachers of engineering in Ontario are mem-
bers of APEO (see page 30) If closer bonds are
to develop, then this membership must approach
100% in order to be meaningful. We would
recommend that:

(7:5) all engineers engaged in teaching in Ontario be
registered members of the profession.

Education should be a continuing process. To
expect that the effort put into the acquiring of
a degree will carry a person throughout his life
is to ask that time stand still from the day he
graduates. And yet this is what happens in the
lives of too many practising engineers. Because
60% of them move into managerial occupations
(see page 49) , it could be argued that continu-
ing education in technical fields is not of first
importance. But as managers, engineers are
involved in decision-making the basic ingre-
dient of design and so continuing education
programs tailored for such engineers would take
on special meaning in any requalification
program. Ultimately, this could have a signi-
ficant impact on the performance of Canadian
industry.

This practice, if applied universally, would
remove the permanency of the degree which is
beginning to lose significance and meaning in a
world of rapid change. Periodic requalification
will make engineering careers more demanding,
but the ultimate effect will be to improve the
calibre of the professional engineer and enhance
his stature in the technological society of today.
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8

INDUSTRY

INTRODUCTION
At the beginning of Chapter 4, we suggested

that there is a better than even chance that Jean
will elect to enter the practice of his profession
as soon as he receives his bachelor's degree.
Whether or not he returns to pursue graduate
studies at some time in the future, Jean prob-
ably will take a job in the industrial sector, in
which 80% of all engineers in Canada work.'
For this reason, we wish to examine the new
environment facing Jean upon leaving univer-
sity. This entails an analysis of the industrial
attitude toward engineering graduates, and such
considerations provide a background for specu-
lation on future career patterns in engineering,
and their implications with respect to the present
engineering curricula.

THE INDUSTRIAL ENVIRONMENT
During his years as a student, Jean was judged

'See Table 9-3.
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on the basis of a value system that placed a high
priority on academic ability. His survival in the
educational milieu depended on his ability to
prepare acceptable reports and to pass examina-
tions and tests in order to demonstrate that he
has mastered a certain body of knowledge. Now
in industry, he 101 face a different value system,
where he is expected to show qualities of
motivation and leadership and where produc-
tivity is measured in terms of performance in
achieving the goals and objectives identified
with his role in the organization. This can be
an unsettling experience for many young people,
especially if they have not been exposed to such
an environment gradually through either sum-
mer employment or experience in a cooperative
program.

Since Jean is a typical young engineering
graduate, his first job will be technical in nature

research, design, development or operations.



As he progresses in his career, he will discover
that his education has prepared him not only
for work of technical nature but also for
management where decision-making will be
fundamental. But this is the essence of design
an iterative decision-making process. The tech-
nique of design develops characteristics that are
common to the processes of management. If
Jean displays qualities of leadership, a critical
decision awaits him: whether to remain in tech-
nical work or to move into supervision and
management. Usually, this occurs for most young
engineers about seven years after graduation, by
which time Jean will have taken on family
responsibilities. He may be torn between a desire
to pursue technical interests and so develop a
technical reputation, or to move into manage-
ment where there is more certainty of increased
remuneration and greater security, together with
the prestige associated with such an occupation.
Most engineers choose the latter alternative.2

Also, during those seven years, technology will
have moved so swiftly that if Jean failed to avail
himself of opportunities for continuing educa-
tion, obsolescence will have set in. Thus, the
management alternative looks more attractive,
particularly when younger engineers are moving
into the profession and posing a serious threat to
the position of the more senior practitioners and
their aging technology. (The introduction of a
program of requalification, as suggested in Chap-
ter 7, could change this picture.)

What will Jean's decision be: to continue with
his technical activity and gain an international
reputation as a respected engineer, or to advance
into the ranks of management or private entre-
preneurship? We leave him at this point, for by
this time Jean is well on the road to success, and
with an education that should make it possible
to find it on either road.

A part of this study involved interviewing six-
teen corporate employers of engineers and tech-
nologists across Canada. This undertaking was a
part of the manpower study to be described in
Chapter 9, which gives an insight into the
present industrial environment as it relates to
the engineer. Most corporations tend to think
of their engineers as potential managers, and
several companies, principally in the primary
industries, seek out engineers as their primary
source of management material. It is now becom-
ing common for companies to provide a parallel
path so that an engineer can find an equal
opportunity in either a technical or management
occupation. Such a dual route, common in the
,See Figures 9-1 and 9.2.
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high-technology industries, tends to avoid the
dilemma faced by many engineers when they
reach the crossroads described above. However,
engineers who exhibit strong qualities of leader-
ship and who are highly motivated invariably
end up in management.

In engineering education, there is a tradi-
tional idea that engineers are "problem-solvers".
For industry, it would be more correct to say
that engineers "face situations". The role of an
engineer requires him to face situations in which
he takes account of psychological, sociological,
aesthetic and political factors as well as scientific
and technological matters. In weighing all of
them together, he formulates problems that are
soluble and tractable. Today, it is the computer
and supporting staff that effect solutions to prob-
lems. Thus, the modern engineer requires more
than traditional skills, and for success in the
future he must have a basic knowledge and
understanding of the applied humanities.

There is yet another traditional idea that
relates to the industrial environment: that engi-
neers there are "employees" who obey orders
given by employers to whom they should tug
their forelock each morning. According to this
view, an employee engineer should not aspire
to the high ideals of his profession, but instead,
must do as he is told. However, the industrial
picture is changing. In the past, power was
passed downward as those at the top gave orders
and those below either carried them out or
relayed them further down the line. For the
future, decisions in a business enterprise will be
the product not of an individual but of a group
of individuals. The complexities of modern tech-
nology, marketing, planning and organization
have forced the creation of a mosaic of com-
mittees which embrace all those who bring
specialized knowledge, talent and experience
to group decision-making. Galbraith calls this
organization the technostructure. He maintains
that ". . . nearly all powers initiation, charac-
ter of development, rejection or acceptance
are exercised deep in the company. It is not the
managers who decide. Effective power of deci-
sion is lodged deeply in the technical, planning
and other specialized staff."3 Today, engineers
permeate the technostructure of any technologic-
ally-based industry in Canada and exercise
a profound influence on corporate decision-
making. Thus, professional responsibility in the
context of Chapter 7 applies equally to the
employee engineer and to those who are either
managers or self-employed.
'John Kenneth Galbraith, The New Industrial State (New York:
Houghton Mifflin C., 1967), p. 69.
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The role of the engineer in industry is chang-
ing as he becomes far more productive than his
predecessor. It is the computer that has made
possible this expansion of his productive capac-
ity, while supporting personnel have relieved
him of many routine jobs, thus enabling him to
work at a higher technical level. In interviews
with engineering employers, it became evident
that not all industries are learning how to use
diploma technologists to the best advantage. In
the sixteen firms surveyed, there were 43 tech-
nologists for every 100 engineers; whereas in the
United States in 1968 the corresponding figure
was 55.4 In Canada these figures do vary from
industry to industry; the engineer-technologist
team is beginning to emerge as an efficient and
productive unit. As more technologists become
available and their values are recognized by an
increasing number of industries, the produc-
tivity of the engineer and his advancement in
the firm will be accelerated.

Companies with a heavy involvement in indus-
trial research make little or no distinction
between engineers and scientists. In such occu-
pations the man's technical ability is of greater
importance than his educational background.
Most of these employers tend to pay little atten-
tion to professional registration. The proportion
of engineers in Canada working in research is
less than 6% (see Table 9-5) .

Industry expects its engineers to be versatile.
The educational experience up to the bacca-
laureate level has made some provision for this
expectation, but graduate studies tend to create
specialists whose versatility becomes oversha-
dowed by strong personal interests and prefer-
ences. The increased professional competence
acquired at the master's level usually outweighs
any tendency toward specialization, but the situ-
ation can be quite different at the doctorate
level. When a Ph.D. engineer enters a large firm
he continues to work in a familiar environment,
since research laboratories in such firms bear a
striking similarity to those in universities. The
new Ph.D. in a small firm usually experiences a
severe shock when its more limited resources
make it necessary for him to perform a much
broader range of tasks. Often he must alter his
priority of values in order to survive in this new
milieu. For this reason, few doctorate engineers
are to be found in small Canadian companies.

This qualitative description of some aspects of
the engineer's industrial environment sets the
stage for an examination of how industry views
the engineering educational process.
4Engineering Manpower Commission of Engineers' Joint Council,
Demand for Engineers and Technicians 1968.
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INDUSTRIAL ATTITUDES TOWARD
ENGINEERING GRADUATES

In a practical sense, universities perform two
necessary functions for industry sorting and
training. The sorting process determines who is
to enter engineering school and who continue or
to graduation, undertake graduate studies and
receive advanced degrees. It involves both objec-
tive and subjective judgments on the part of
faculty members. Most undergraduate education
and virtual!) all graduate work is occupational
training. The attitude of employers to university
graduates has been aptly summarized by Kershaw
and Mood as follows:5

A prime attraction of the bachelor's degree to
employers is the evidence it affords that the
holder normally disciplines himself to carry
out tasks somewhat conscientiously and on
time no matter how irrelevant they may seem
to be. 'That's why U.S. Steel does no mind
hiring someone who majored in Finnish folk-
lore.

Industry relies on the university to perform
these functions, and accepts the possession of an
engineering degree as evidence that such sorting
and training has been accomplished. But engi-
neering is a multi-portal profession, and an indi-
vidual may enter it without possessing any
degree. This egalitarian attitude is not univer-
sally accepted and many industrialists insist upon
a degree as the proper ticket into management.
Thus the non-degree engineer may find there is
an upper limit to his advancement in the firm. As
new avenues of post-secondary education devel-
op, these barriers should disappear and com-
panies will be forced to conduct the sorting
function more thoroughly themselves.

Our survey of the sixteen Canadian companies
disclosed with the exception of research-
oriented companies an indifferent attitude
towards a master's degree in engineering. Also
there appeared to be a lessening of interest in
engineers with a master's degree in business
administration. In the words of one executive,
"The M.B.A. expects to start too high, and is in
too big a hurry to become vice-president."
However, companies engaged in consulting and
construction expressed a continuing high regard
for the engineer-M.B.A., and most companies
believe it to be of particular value if preceded
by some years of industrial experience. Canada's
economic environment has not been conducive
to growth in industrial research, and this is
reflected in the low hiring rates of Ph.D.'s
'Joseph A. Kershaw and Alex M. Mood. "Resource Allocation in
Higher Education", American Economic Review, May 1970, p. 341.
(Sorting and training were two of Mx major outputs of higher education
suggested by the Public Policy Research Organization, University of
California, Irvine.)



employed mainly to replace losses due to attri-
tion. Canadian industry is not inclined to use
Ph.D.'s in occupations outside the area of re-
search and development.

Industry appears to be reasonably satisfied with
the present generation of engineering graduates.
The advent of major computer installations in
the 1960s placed new stresses on engineering
curricula. A need arose for increased emphasis
on statistics, probability, numerical methods and
computer programming. Today, the omnipresent
computer contributes to an emphasis on analy-
tical approaches to engineering problems at the
expense of synthesis and experimental proce-
dures. While the analytical approach is attractive
because of savings in terms of time and money,
many problems remain which lend themselves to
experimentation.

At a conference in June of 1970,6 engineering
managers expressed the view that creative talent
was being smothered by this overemphasis on
analytical techniques. They feel that the major-
ity of new engineers have too little background
preparation in report writing, oral presentation
of completed projects and selling new ideas to
the organization, and inadequate understanding
of other functions such as law, finance, account-
ing and personnel. One executive was of the
opinion that engineering faculties tend to equate
the attractiveness of career opportunities with
the amount of research and development being
conducted by a company. He believes that secon-
dary industry needs engineers for operations as
well as for research and development, and said:
"Many graduates of engineering courses shy
away from the marketplace and the factory.
They appear to look inward as though hoping to
find a solitary role conducting original research
or preparing original designs, without interest
for human service, marketability, cost or means
of distribution. Others veer off into other pur-
suits such as teaching and government service."

There is still a gao in understanding between
engineering educators and the practitioners of
engineering. Most university teachers, with their
orientation toward research and development,
are well adjusted to the present curricula. Better
compatibility between educator and industry
demands better communication; a step in this
direction was recommended in Chapter 6 (Re-
commendation 6:1) .

Today's graduates are more sophisticated,
more articulate and possibly more intellectually
mature than were their predecessors.7 As corn-, symposium on "The Future of Engineering Education Ontario",
sponsored by the Ontario Engineering Advisory Council in Toronto,
June 25 and 26. 1970.
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puters and supporting personnel are used more
efficiently, increasing numbers of new graduates
will be called upon to assume supervisory roles.
This will create new problems for the graduate
until he gains more practical experience, and in
the process learns how to direct the efforts of
people and so achieve a higher output from both
technologists and technician. It would appear
that employers in industry will expect to fine
these qualities in future engineering graduates,
and this will present new and formidable dial-
lenges to the engineering educator.

OUTLOOK FOR FUTURE CAREER
PATTERNS IN INDUSTRY

For the past decade, engineers and scientists
in industry, government and the universities
have been advocating and urging the growth of
Canadian secondary industry. The federal gov-
ernment has woven a complex fabric of incentive
programs directed toward such an expansion.
These were devised principally for research and
development, but now are being aimed at the
entire innovative process, including marketing
and tooling for production. It has been recog-
nized that innovation is the key to export mar-
kets, and thus there is a strong justification fc
this approach in order to develop and expand
the Canadian economy. Over a decade ago, when
the new Ontario engineering schools were just
starting up, engineering educators viewed one of
their roles as giving support to this cause. They
interpreted research and c1P%.elopment as equi-
valent to innovation, and so believed secondary
industry needed engineers with this kind of
training. Although research and development
are critical elements of innovation, all of the pi,-
cesses necessary to bring a new concept to market
are involved invention, design and produc-
tion engineering, tooling, marketing and distri-
bution. On the average, research and develop-
ment amounts to about 5-10% of the total cost of
innovation.7a

The hopes and aspirations of engineering edu-
cators for an expansion of industrial research
and development failed to materialize. Although
data are not readily available, in all probability
the percentage of engineers entering industrial
research and development is no greater than it
was a decade ago. While volume of production
by secondary industry may be increasing, profit
margins are very low, particularly in the elec-
tronics and aerospace sectors where engineering
is a major component, and in the chemical
'Today's Engineering Graduates and Industry Match or Mismatch?
Engineering Manpower Bulletin Number 16, June 1970.
7a Robert A. Charpie, Technological Innovation: Its Environment and

Management, U.S. Department of Commerce, January 1967.
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industry, where "scale-up" factor is so important.
The present business slowdown and changing
patterns of governmental expenditure make the
immediate future less certain than ever.

Canada appears to be going through a

transition from an industrial to a post-industrial
society a society based on the culture of science
and technology. The Harvard ociologist Daniel
Bell has suggested that such a society has these
five characteristics:

(I)

(2)

(3)
(4)

(5)

the creation of a service economy with the
majority of the labour force producing serv-
ices rather than goods,
pre-eminence of the professional and tech-
nical class,
centrality of theoretical knowledge,
commitment to growth and innovation,
the creation of new technologies associated
with retrieval, processing and storage of
information, and systems engineering
what Peter Drucker calls the "knowledge
industries".

In Canada, John Porter has written about the
impact of post-industrialism. He suggests that
"because knowledge is central to the post-
industrial society, the dominant figures who are
emerging are the scientists, the engineers, the
mathematicians, the economists, all at home with
the new computer technology. These stand in
contrast to the dominant men of the industrial
period, the entrepreneur, the businessman and
the industrial executive."9

Much has been written and more has been
said about foreign ownership of Canadian indus-
try the "branch plant" economy. Although
there are some outstanding exceptions, most of
these subsidiaries do little in the nature of
research, development or design, but rather
devote their efforts to manufacturing, sales and
marketing operations. A further rationalization
in the multi-national corporations could reduce
the amount of manufacturing being carried on
by them in Canada because of more favourable
labour markets abroad. Over 60% of Canada's
labour force is in some form of service activity,9
and this will be the sector of greatest growth.
Thus, Canada could be moving very rapial7 into
a post-industrial era where the knowledge indus-
tries will be dominant.

We have been told that Canada needs a thriv-
ing and growing secondary industry, exporting

'John Porter, "Post-Industrialkm. Post-Nationalism and Post-Secondary
Education". National Seminar on the Costs of Post-Secondary Educa-
tion, The National Institute of Public Administration of Canada,
Queen's University, May 1970.
'Economic Council of Canada, SerenthAnnual Review, p. IS.
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products abroad and employing an expanding
labour force at home. However, we rind that this
type of industry has not grown as rapidly as
expected and that the expanding labour force is
being employed more and more in the service
sector. It is as if the "industrial age" has passed
us by. What then are the future career patterns
for our engineers, and how should engineering
schools he structured?

Some educators have said ive must educate
young people for the nation's needs of at least
ten years ahead. They think Canada will require
engineers in research and development, but now
we are faced with a potential surplus of Ph.D.'s
unless there is a slowing down of their flow into
the economy.") The industrialists believe they
know ihat they want in an engineer, and the
numbers required; secondary industries, for the
most part, however, are unable to plan more than
a year or two in advance because of rapid fluc-
tuations in markets and business cycles. Their
predictions of future requirements have always
been too low.

A central role for government is becoming
clear. One of the characteristics of the post-
industrial era is a continuing commitment to
growth and innovation. This gives rise to a need
for planning and forecasting, and adapting to
technological change. Such planning is in its
infancy, with the techniques of forecasting still
relatively unsophisticated. The federal govern-
mer t is committed to the establishment of
sat onal goals, and these will determine future
science, economic and social policies. Manpower
requirements to meet these goals can provide
a basis for educational policy. Such an approach
may be theoretically sound but, no matter how
well we define our plan, in practice there always
must be a fair measure of "scat of the pants"
decision-making. Nevertheless, a clear statement
of national goals could be a valuable guide to
educators.

In the present situation, it would appear best
for engineering schools to follow a middle
course. Until national goals are formulated and
articulated, or until future trends become less
obscure, young people should be educated so
that they achieve a mvure of versatility, and
thus can move with equal ease into either the
secondary or service sectors of industry. It is for
this reason that we do not recommend any major
alterations in the thrust of undergraduate
studies. If there are sudden chinges in govern-
%Dr. Frank Kelly, Science Adviser for the Science Council of Canada.
is reported to have said that while Canadian universities will be granting
about 1,200 'h.D.'s this year only 500 to WO will Mod employment
"and that is being very optimistic'. Toronto Globe end Mad, November
IS, 1970.



mer t policy that generate requirements for new
skills, they can be looked after by the graduate
schools. New programs of the course-intensive
master's variety can be developed quickly in
response to change.

The outlook for future career patterns in
industry is bright. In spite of uncertainties over
the future direction of secondary industry, the
engineer must play a central role in our post-

8 hidustty

industrial society. There are those who view its
coming with apprehension because of imagined
de-humanizing qualities. However, if its capac-
ities are properly used, then its potential is
enormous in the battle to improve the quality
of life. The engineer must be prepared for his
pivotal role and responsibility in a new age, and
It is for this reason that we place great stress on
the applied humanities.
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9

MANPOWER

We have traced the career pattern of a typical
young engineering student from secondary
school, through undergraduate and into graduate
studies, and have made predictions about what
he might find in each of these phases of his
educational experience. We have examined the
characteristics of members of faculty and the
relationship between our engineering schools
and the profession. Also, we have attempted to
describe the industrial scene that will confront
our young engineer when he leaves university.
Before we proceed to a final survey of the over-
all system of engineering schools in Ontario,
there is a need to understand the way engineers
diffuse into the labour force in order to estimate
the requirements for engineers from these
schools. Once this information is available, then
policies can be established for total enrolments
at all degree levels, insofar as these matters are
related to the utilization of engineers.

The first step is to look at the existing stocks of
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engineers in Canada their field of employment
and where they work, how their occupations
shift with the passage of time after graduation,
and future employment patterns within the pro-
fessioa. Next, one must attempt to estimate the
number of engineers required from the Ontario
schools. at each degree level, in order to meet
the a nticipated demands of the economy and
potential needs of the province and the nation.
An enrolment projection of the supply of under-
graduate engineering students for the decade
1970-80 can provide a basis for recommending
policies covering the total engineering educa-
tional system in Ontario. Finally, a source review
of engineering manpower statistics leads to a
recommendation for a central dates facility to
meet a variety of regional and national needs.

CHARACTERISTICS OF ENGINEERING
MANPOWER

Surprisingly little is known about our engi-



'leering manpower resources even though they
are of growing importance to Canada. There is
a dearth of data concerning the number of engi-
neers, where they came from, and to what level
or in what specialties they are educated. We can-
not state with any certainty the fields in which
they are employed, what functions they perform,
how much they earn, or how they are distri-
buted geographically across Canada or through-
out industry. This kind of information is essen-
tial if there is to be effective educational plan-
ning. Such manpower statistics will make it
possible for both industry and government to
plan and to use the nation's human resources
more efficiently.

A significant start has been made in develop-
ing detailed statistics. In 1967, the Department
of Manpower and Immigration undertook a sur-
vey of scientists and engineers,' the first compre-
hensive effort to investigate this sector of the
labour force (hereafter referred to as the 1967
Survey) . It provided data in considerable detail
on career profiles, including places of birth,
educational attainments in various fields of
study, types of employment and scientific expe-
rience. These profiles were cross-classified by
fields of specialization, industries and regions of
employment, salaries earned, and work func-
tions. The survey population was estimated to
be 77,000, of ivhich 38,000 possessed engineering
qualifications. Since the Cam .Han Council of
Professional Engineers gives a irmre for 1967 of

G. Atkinson. K. J. Barnes and Ellen Richardson, Canada's Highly
Qualified Manpower Res+;arces, Research Branch, Programme Develop-
ment Service, Department of Manpower and Immigration, 1970.
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approximately (10,000 as the number of persons
residing in Canada who could be so categorized,
the 1967 Survey represented about 63% of the
tota I.

Employment and Field of Study
From the pool of scientists and engineers sur-

veyed in 1967, it was possible to compare the
field of employment with the field of study.
These comparisons are shown in Tables 9-1 and
9-2. Approximately 80% of the engineering
graduates claimed engineering to be their prin-
cipal field of employment, whereas 91% of the
group employed in this field were graduate engi-
neers. A greater percentage of engineering grad-
uates have remained with their profession than
have graduates in the sciences, with the exception
of architecture. Again with the exception of archi-
tecture, engineering employs more of its gradu-
ates than do the sciences.

These tables represent the total stock of engi-
neers in 1967; they do not reveal recent flows
into this pooh These flows could have altered
substantially in recent years. Nevertheless, at
each degree level, it is evident that traditionally
this work has prepared young people for a career
in engineering, since only one graduate in five
(20%) has shifted at a later date into some

other activity.

SectoPof Employment
When estimating future patterns of growth

and manpower requirements, it is important to
know where engineers are employed, and this
is shown in Table 9-3.

Table 9-1

DISTRIBUTION OF EDUCATIONAL BACKGROUND IN EACH FIELD OF EMPLOYMENT

FIELD OF
EMPLOYMENT

Archi-
tecture

Engineer-
ing

Physical
Sciences

FIELD OF STUDY

Life Social
Sciences Sciences

Other Total No. in
Sample

Architecture 94.4 1.4 0.1 1.2 0.1 0.8 100 2,198
Engineering 0.2 90.8 4.6 0.6 0.7 1.0 100 33,386
Physical Sciences 0.0 17.3 68.9 6.6 0.5 2.6 100 9,26,
Life Sciences 0.1 10.0 2.9 82.2 0.4 1.0 100 7,780
Social Sciences 0.2 24.7 8.5 11.7 44.9 5.3 100 6,159

Other 1.7 23.7 28.7 18.8 4.7 17.0 100 6,051

*Total includes those who did not state their field of study.

Source: 1967 Survey of Scientists and Engineers, Department of Manpower and Immigration.
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Table 9.2

DISTRIBUTION OF EMPLOYMENT FOR EACH FIELD OF STUDY

FIELD
OF STUDY

Archi-
tecture

Engineer-
ing

Physical
Sciences

FIELD OF EMPLOYMENT

Life Social Other
Sciences Sciences

Total No. in
Sample

Architecture 87.2 2.1 0.1 0.6 4.4 100 2,382

Engineering

Total 0.1 80.4 4.2 2.1 4.1 3.8 100 17,842

Bachelor'st 0.1 79.7 3.9 2.4 4.4 3.8 100 32,417

Master'st 0.3 82.3 5.9 0.6 1.9 5.2 100 3,082

Ph.D.t 0.0 78.0 11.2 1.7 1.5 4.6 100 565

Physical Sciences 0.0 14.1 58.0 2.0 4.7 15.8 100 11,008

Life Sciences 0.3 1.6 6.3 65.7 7.5 11.7 100 9,747

Social Sciences 0.1 6.4 1.4 0.8 16.9 7.9 100 3,589

Other 0.8 15.1 10.4 5.7 14.1 44.8 100 2,289

Total includes those who did not state their field of employment.
Megree breakdown done especially for CPUO.
Source: 1967 Survey of Scientists and Engineers, Department of Manpower and Immigration.

Selected sectors for industry also are included
in Table 9-3. The primary sector includes agri-
culture, forestry, fisheries, oil wells and mines-
the resource industries. Under secondary would
fall manufacturing and construction, which
employ the largest number of engineers. Ter-
tiary industry includes transportation, commu-
nications, utilities, trade and other service indus-
tries - the fastest-growing sector of our economy.

Table 9-3
DISTRIBUTION OF ENGINEERING EMPLOYMENT

BY SECTOR

Sector

I. Industry
Percent

(a) Primary 7.0
(b) Secondary 44.0
(c) Tertiary 28.7

79.7
2. Education

(a) University 2.4
(b) Other 1.0

3.4
3. Government

(a) Federal 5.2
(b) Other 10.4

15.6
4. Not specified 1.3

TOTAL 100.0
Source: 1967 Survey of Scientists and Engineers, Department
power and Immigration.

46

of Man-

If education and government are combined
with the tertiary industry sector to cover all serv-
ice activity, the ratio of engineering employment
in the resource, secondary and service sectors is
approximately 1:4:5, compared with a 1967 total
labour force mixture of 1:3:6.2 This sectoral
disparity between engineering and total labour
force employment would suggest that a short-term
adjustment could be taking place. The disparity
would become less if recent graduates pursue
careers more in the service sector than in the
secondary sector. Such a trend could be accentu-
ated by the depressed economic climate that is
adversely affecting the expansion of secondary
industry at the present time. The rapid growth
of the service sector will alter future employ-
ment patterns of engineers.

Occupation
As a result of the 1967 Survey, it is possible

to examine quantitatively, as a function of time,
the occupational shifts of engineers from
graduation until their retirement. This cross-
sectional analysis measured the 1967 population
in each occupational category as a function of
years since graduation. The results are shown in
Figures 9-1 and 9-2. Figure 9-1 refers to engi-
neers with a bachelor's degree, while Figur,. 9-2
includes all engineers: those with bachelor's,
'Economic Council, Seventh Annual Review, Appendix Table A-2, p. 94.



Floury 9-1 CROSS-SECTIONAL SURVEY OF ENGINEERING
OCCUPATIONS FOR ENGINEERS WITH BACHELOR'S DEGREE
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Figure 9-2 CROSS-SECTIONAL SURVEY OF ENGINEERING
OCCUPATIONS FOR ENGINEERS WITH PROFESSIONAL
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master's, and Ph.D. degrees, and those registered
without a recognized degree. The population of
the last three was insufficient to draw separate
curves. Twenty-one work functions were used
to define occupations (grouped into five cate-
gories for the purpose of this study) ; these are
summarized in Table 9-4.

Table 9-4

SUMMARY OF WORK FUNCTIONS USED IN

CROSS-SECTIONAL ANALYSIS

Occupation

Management

Research

Design and
Development

Operations

Teaching

Consulting

1967 Survey Work Function

Administration, Management,
Supervision.

Management of Research and
Development, Research.

Development, Production or
Technical.

Col .,truction, Installation,
Erection, Field Exploration,
Production, Operations, Mainte-
nance, Testing, Inspection,
Quality Control, Computer
Service, Statistical Processing,
Statistical Analysis and Forecast-
ing, Personnel Training and
Development, Extension Work in
Agriculture, Publicity, Sales,
Service, Marketing, Purchasing,
keports, Technical Writing,
Editing.

Teaching, Extension work.

Clinical practice, Consel ling,
Practical case work, Industrial or
Management consulting.

Figure 9-1 shows that over 80% of engineers
holding a bachelor's degree were in technical
work (research, design and development, or
operations) in the year after graduation. This
percentage falls off rapidly in the first fifteen
years, then less rapidly until it reaches 32% at
twenty-two years after graduation. Research,
design and development maintained nearly iden-
tical percentages with operations throughout this
period. The percentage of engineers employed
in management increases rapidly to a maximum
of 65% at thirty years after graduation, and then
a decline sets in. Reasons for this drop could be

9 Manpower

shifts into consulting and teaching, retirements
and withdrawals from the profession. The per-
centage of engineers engaged in consulting and
teaching remains relatively constant at approxi-
mately 11 /2% each, until forty years following
graduation.

Figure 9-2 includes the results of a survey of
the 2,583 University of Toronto engineering
alumni, conducted in 1944 by the late Dean
C. R. Young.3 Only technological and admi-
nistrative categories are shown. The occupational
mobility trends have not changed substantially
over the twenty-three-year period, but now engi-
neers move more rapidly into management.

The rapid flow of engineers into managerial
occupations reveals the high value employers
place on engineering education rs a preparation
for such work. Since the majority of engineers
move into leadership roles, this underlines the
need for communication and business skills. Engl.
neers who remain in predominantly technical
work are in either research, design and develop-
ment, or :11 the operations field, in approximately
equal numbers. The study group agrees with the
point of view that maintains that such engineers
require similar curricula. The basic knowledge
and techniques used by the engineer in research,
design and development are required by the
operations engineer. Although work functions
differ, the informational and organizational envi-
ronments are similar.

Table 9-5 was developed from the 1967 Sur-
vey, using the occupations defined in Table 94.
For each level of educational attainment, this
table shows the occupational categories of highly
qualified manpower who gave their field of
principal employment as some branch of engi-
neering. (About 91% of such people were
engineers.) The percentage of those in research
and teaching increases significantly with a rise in
the level of education, while the percentage of
those in management decreases. In design and
development and in consulting, there are higher
percentages of those with master's degrees than
of those with other levels of education. For those
with bachelor's degrees, the percentage in opera-
tions dominates other levels of education.

sC. R. Young, "Types of Employment among Engineering Graduates of
Toronto", publication emanating from the Office of the Dean, Faculty
of Applied Science and Engineering, University of Toronto, 1944.
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Table 9-5

HIGHLY QUALIFIED MANPOWER WITH ENGINEERING AS
PRINCIPAL FIELD OF EMPLOYMENT - 1967

OCCUPATIONAL CATEGORY BY LEVEL OF EDUCATION

Occupational
Category

Registered
without

Recognized
Degree

Bachelor's
Degree

Master's
Degree

Doctoral
Degree

Management 55.8 44.8 34.9 20.0

Research 3.4 4.3 12.0 35.7

Design and
Development 15.0 17.3 22.6 7.8

Operations 17.9 23.0 13.1 2.1

Teaching 0.4 0.9 8.1 26.3

Consulting 1.6 2.5 4.4 2.5

Other, or Not
Specified 5.9 7.2 4.9 5.6

Number in
Sample 1,665 27,830 3,194 643
(Approx. 91%
Engineering
Graduates)

Source: 1967 Survey of Scientists and Engineers, Department of Manpower and Immigration.

Table 9-5 sets out the primary associations of
each level of educational attainment, from which
an order of occupational priority has been tabu-
lated (Table 9-6) . This table has curricular
implications and makes a good case for the
course-work master's program, since it is at this
level where management, design and develop-
ment have a higher priority than research. Prior-
ities for the other educational levels do not con-
tain any surprises.

It is necessary to keep two points in mind
when considering these data. First, the figures in
Table 9-5 represent what existed in 1967, and
not necessarily what is needed to shape our econ-
omy and society in the future. It may be that the
priorities listed in Table 9-6 should be altered
so as to mould the structure of the profession
into. a form different from what it is at the
present time. However, befcn z new priorities can
be established with any confidence, reliable data
of the type presented in Figures 9-1 and 9-2, and
of the form developed in the 1967 Survey, are
needed on a regular basis. Second, the existing
data have been gathered at only one point in
time. The composition of the manpower pool
at any particular time should not be used as an
indicator for flows into the pool. Reliable infor-
mation on flows and their trends can be obtained
only through regular sampling and detailed
histories.
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Table 9-6
OCCUPATIONAL PRIORITY WITH LEVEL

OF EDUCATION

Level of Education Priority

Registered without 1

recognized degree 2

Bachelor's degree

Master's degree

Doctoral degree

3

Occupation

Management
Operations
Design and
Development

1 Management
2 Operations
3 Design and

Development

1 Management
2 Design and

Development
3 Operations and

Research

1 Research
2 Teaching
3 Management

Occupational mobility studies of the type just
described are cross-sectional in nature: that is,
they take a "snapshot" of the occupations of
each person at one point in time, and create
average career profiles, as set out in Figure 9-1.
A more meaningful picture can be developed
from a longitudinal, or cohort, study, in which



a historical profile is traced for every individual,
showing career transitions from graduation.
Individuals are grouped, by year of graduation,
into cohorts so that flow compositions into the
manpower pool can be built on a historical base.
In this way specific trends can be identified and
future projections made with greater confidence.
This is a tedious and costly process, but the
results would he most useful in curriculum
planning for degree programs, and would assist
in determining the demand for continuing edu-
cation. A study of this kind is being undertaken
by the University of Toronto, whose 15,000
engineering alumni represent the largest such
group in Canada.

In the above paragraphs and tables, we have
described only those chzracteristics of engineer-
ing manpower that are needed in order to esti-
mate gross requirements employment by fields
and sector, and occupational mobility. The 1967
Survey also provided data on student flows, the
individual branches of engineering and other
details including origin, sex distribution, geo-
graphical mobility and earnings. Unfortunate-
ly, in some of the statistics, scientists were
combined with engineers a difficulty experi-
enced with much of the Canadian data assembled
in the past.

REQUIREMENTS FOR ENGINEERS
It is necessary to distinguish between two sepa-

rate concepts when assessing manpower require-
ments. One is need: the necessary mixture and
flow of manpower required to meet objectives
and goals; the other is demand: the aggregate
of individual employment opportunities avail-
able within the economy. Ideally, need should
equal demand, but needs cannot be readily
identified because of their subjective nature and
the complexities and structure of Canadian soci-
ety. In countries with "planned" economies,
attempts have been made to define needs on a
national scale.4 In both Canada and the United
States some educators have even used need as the
basis for justifying increased numbers of Ph.D.
students. Whether correct or not, current
employment opportunities for certain types of
Ph.D.'s reveal a wide disparity between need and
demand. At the micro-economic level, there is a
growing awareness of the desirability of defining
manpower needs, and many companies are
beginning to specify their demands for man-
power of all types in terms of need. In short,
manpower planning is gaining equal status with
capital and material resource planning.
Several communist countries have defined their manpower needs and
planned accordingly with abysmal results; whereas Sweden, for example,
has achieved moderate success in its national manpower planning.

9 Manpower

It can be helpful to adopt the economist's
approach to the problem: supply and demand
must be equal, and the way in which they are
equalized is by effecting adjustments to both
sides of the equation. Supply is increased by
attracting people from other fields by higher
salaries and benefits, by retraining and upgrad-
ing employees, by working overtime, or delaying
retirement. Demand is reduced by such means
as re-defining jobs to require less skill, by shift-
ing priorities of projects, and by automation.
In effect, employers "make do" with existing
personnel.

We have adopted the demand approach in
projecting the future requirements for engi-
neers. A separate study was undertaken to esti-
mate the number of baccalaureate engineers
required from the Ontario schools to meet
demands over the period 1970-80. This study,
embodied in a separate reports as a source docu-
ment, is divided into two parts. The Substitution
Study deals with the impact of the rapid expan-
sion of diploma technologists and the possibility
of employers substituting them for engineers.
The Demand Study projects the demand for
engineers over the present decade.

The Substitution Study
This study analyzed the results of interviews

with sixteen organizations employing engineers.
They included fourteen privately owned firms
and two semi-autonomous government-related
companies. They varied in size from three with
under 750 employees to six with over 20,000.
Head Offices were in three provinces, but all six-
teen carry on operations in every province. Indus-
tries represented were pulp and paper, chemical,
petroleum, steel, aerospace, electronics, electrical
equipment, mining, motor vehicles, construc-
tion, transportation, utilities and consulting
engineering. These sixteen organizations have
over 250,000 employees including 7,500 engi-
neers, 1,500 physical scientists, and 3,500 tech-
nologists and technicians. Only three firms had
fewer than 200 engineers. It is estimated that one-
tenth of all engineers in Canada were covered
in this study.

It was discovered that technologists are not
regarded as career substitutes for engineers, and
that there are distinct barriers to the upward
mobility of technologists. Substitution does take
place in work functions, where there is a func-
tional reorganization of the engineer's activity.

L. Skolnik and W. F. McMullen, An Analysis of Protections of the
Demand for Engineers in Canada and Ontario and an Inquiry into
Substitution between Engineers and Technologists, CPUO Report No.
70-2. (We are indebted to the Ontario Department of Education and the
Canadian Department of Manpower and Immigration, who jointly
supported this study.)
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When it becomes routine, often geared to a
computer, this work is usually passed on to a
technologist. The principal reasons for substi-
tution appear to be changes in technology, rather
than inefficiencies in manpower deployment or
changes in relative wages and availability of
technologists and engineers. Again, while engi-
neers are required when a technology is first
introduced, once it matures the engineers tend
to he released in order to exploit new fields,
while technologists move in to replace them.

The relative supplies of engineers and tech-
nologists appeared to have little influence on
manpower demands, but the absolute supplies
of both engineers and technologists were of
importance. When the number of engineers
decreased substantially (e.g. mining, metallurgy
and geology) , technologists were substituted to
meet the demand. The number of available
technologists influences the speed of adjustment
to changes in technology. A more rapid response
was possible when trained technologists were
readily available as an alternative to in-plant
training.

The conclusion of the study is that the increas-
ing numbers of diploma technologists now grad-
uating from the Colleges of Applied Arts and
Technology will not have a significant effect on
the demand for engineers. Indeed, the availabil-
ity of technologists should permit engineers to
use their skills more efficiently.

The Demand Study
This study focused on three major indepen-

dent attempts to forecast the future demand for
engineers.6 All of these studies relied upon cen-
sus data, the most recent being for the year 1961.
They were compared by applying the basic
method of each to the twenty-year period 1961-
81, in order to arrive at a projected growth for
the stock of engineers. Then, the growth rates
so derived were compared with the growth rate
of the gross national product (GNP) .

Between the last two census years, 1951 and
1961, the stock of engineers in Canada grew at
a rate of 3.5% a year compared to a yearly
increase in GNP of 3.6%, or even higher if one
adjusts for the cyclical differences between the
two census years. For the period 1961-81, GNP
is expected to grow at an average rate of no more
than 4% a year. Two of the projections were
414. Ahamad, A Projection 01 Manpower Requirements by Occupation
in 1975. Canada and its Regions (Ottawa: Department of Manpower
and Immigration, 1970); N. Meltz and G. P. Pen& Canada's Manpower
Requirements In 1970 (Ottawa: Department of Manpower and Immi-
gration. 1968); C. Watson and 1. Butorac, Qualified Manpower in
Ontario 1961-86, Vol. 1: Determination and Projection of Basic Stocks.
(Toronto: Ontario Institute for Studies in Education, 1968).
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below this percentage, while the other was sub-
stantially higher. Each projection used different
attrition rates in attempting to develop the
required in-flow of engineers.

In a fourth projection, it was assumed that the
stock of engineers would expand at the same rate
as the GNP (4.0% a year) , while attrition con-
tinues at the highest rate used in the three
studies (Ahamad's) . This produced a required
average annual in-flow of 3,400 engineers for
the Canadian economy over the period 1961-81.
Adjusting for net immigration and the number
of degrees awarded in Canada from 1961 to 1968,
the final projection for the thirteen-year period
1968-81 was 3,300 engineers a year.

Historically, about 35% of Canadian engi-
neering degrees have been awarded in Ontario,
whereas nearly 50% of them are employed in
that province. To remain on the safe side, it has
been assumed that 35-50% of the national in-
flow will come from Ontario. The percentage
must take into account net immigration, and
those graduates who do not enter engineering
employment after graduation. There is a ten-
dency to overestimate net immigration figures
because the data cover immigrants who record
"engineering" as their hoped-for occupation,
and emigration figures normally are quoted only
for the United States. (Although about 20%
of baccalaureate engineers currently proceed to
graduate studies in Ontario, ultimately they do
enter the labour force mainly in engineering.)
Insufficient data are available on the number of
engineering graduates who take up engineering
occupations after graduation, but it is known
that increasing numbers return to study medi-
cine, law and business administration. There is
no reason to believe that such factors offset one
another. Skolnik concluded that the demand
for Ontario engineering graduates will be about
1,500 graduates a year during the period 1968-
81, and suggests an tipper limit of 2,500 a year,
derived from the Ahamad study.

This forecast extrapolated from past trends.
Thus, it did not take into account major struc-
tural changes in society that create discontinuity
between present and future. For example, the
Substitution Study concluded that the mix of
technologists and engineers depended mainly on
technological change rather than on relative
supplies of people and the wages paid to them.
For this reason, it was felt that the demand fore-
cast for engineers should not be affected by the
rapid increase in the number of diploma tech-
nologists entering the labour force. However, in
the present era of technological change, it is
hazardous to show a smooth projection of past



trends in variables greatly' influenced by tech-
nology. 'rile Canadian economy has been reason-
ably flexible and to date has managed to adjust
to wide variations in the number of graduates in
ally particular field.

In the above forecasts, no attempt was made to
divide engineering into its different branches.
Over a long span of time, shifts in demand from
branch to branch can be extreme. For example,
up to 1961, civil engineering had the largest
population, and engineering projections based on
the census data continued to show the domi-
nance of civil engineers. But the 1960s were
highlighted by an explosive expansion of elec-
tronics, and the 1967 Survey reveals electrical
engineering as occupying 19% of the total, com-
pared to only 16% for civil engineering. A more
detailed study of recent flows into employment
by branch is required in order to produce
meaningful predictions, and even then techno-
logical change and public preferences may con-
tinue to upset predictions.

Appendix G summarizes the recent experi-
ence of the universities in placing engineering
graduates. The demand for bachelor graduates
continues to be brisk even though very recent
trends reflect the present slump in the economy.
We expect this condition will be of short dura-
tion, and have assumed a recovery in growth
early in the 1970s.

A reasonable substitute for recent flows into
employment is the output oi hachelor's degrees,
divided into the different disciplines (shown in
Appendix B) . These flows do not account for
current fluctuations in demand (such as the
present shortage of mining, metallurgical and
geological engineers) , but they do give an indi-
cation of broad trends over a five- to ten-year
period. It will be difficult to predict demand by
branch with any degree of certainty until a
regular survey is conducted on an annual basis.
Shortages in some branches can be filled by
graduates from another branch. This type of
horizontal substitution occurs when a graduate
in civil engineering is employed as a mining
engineer, but a vertical substitution also takes
place where vacancies in mining engineering are
filled by mining technologists. In these ways,
the economy adjusts itself to equalize supply and
demand.

Bachelor's and Master's Graduates

The demand for individuals holding advanced
degrees has not been estimated quantitatively for
this study. Surveys conducted in the United
States7 reveal that, except for those companies

9 Man power

engaged in research and development. employers
do not encourage their engineers to pursue
advanced degrees. The impetus behind the bur
geoning growth of graduate schools has been
the aspirations of faculty to develop depart-
ments, and of students for higher levels of
learning and professional competence.

Table 9-6 shows that in Canada there are
similar employment patterns for bachelor's and
master's degree engineers, but marked differ-
ences between them and the holders of doctoral
degrees. Therefore, we have grouped together the
demand for master's and bachelor's degrees, and
have treated separately those with doctoral
degrees.

As suggested in Chapter 4 (page 14) , a mas-
ter's degree will develop increasing significance
as the service industries become a focal area of
growth and sophistication. With Canada's move
into the post-industrial era, there should be an
increasing flow of engineers into the service
sector, and this implies a demand for specialty
skills to satisfy the wide variety of tasks exe-
cuted by these "knowledge" industries.

In the future, more Canadian employers will
be forced to insist on a master's degree for
certain specialized skills. Table 9-5 shows that
23% of the master's degree engineers were
employed in design and development in 1967.
The contribution of the specialist master's
degree engineer to intensive innovation in Can-
ada's secondary industry, where design and
development constitute the major allocation of
resources, cannot be ignored in any assessment
of demand. Nevertheless, to date there has been
no clear articulation on the part of employers
in these industries.

Since a quantitative measure of demand is not
possible, we have been forced to make the above
qualitative and subjective judgments of need.
The demand for master's degree engineers is
included in the annual figure of 1,500 engineer-
ing graduates, but on the basis of the anticipated
needs of our economy, universities should be
responsive to those who wish to pursue work to
the level of a master's degree.

Doctoral Graduates
In estimating demand for the doctorate in

engineering, one must bear in mind both the
high cost of such programs and the recent con-
cern of many such graduates over the lack of
employment opportunities. Table 9-5 shows that

'Goals of Engineering Education, ASEE Final Report, 1968, p. 35 and
Figure D-I6.
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engineers iith doctoral degrees move principally
into teaching a id research careers, and Appendix
G reveals trends in the placement of Ph.D.'s.

The demand for teachers was estimated on the
assumption that the universities trill maintain
present student /stall ratios while drawing addi-
tional faculty almost exclusively from the pool
of Ontario Ph.D.'s. While both assumptions are
assailable. the result will give a maximum num-
ber. The calculation used a student/staff ratio
of 13:1, which was the average for Ontario uni-
versities over the past ten years, and it was
based oil an annual attrition rate of 3.4%. The
figure is close to 10% for the individual univer-
sity, but only 3.4% are lost from the provincial
system as a whole. Undergraduate enrolment
projections, covered later in this chapter, esti-
mate a growth from 8,500 undergraduates in
1969-70 to 13,000 in 1980-81. Using these figures,
the average demand for additional faculty will be
about 62 a year throughout the decade. This
figure is an upper limit because of the recom-
mendation in Chapter (1 that, where possible,
vacancies should be filled by members of the
practising profession, not all of whom will pos-
sess a doctoral degree. On the other hand, it is
to be hoped that teaching posts in both the
Colleges of Applied Arts and Technology and
in the high schools will attract more engineers.
Therefore the demand for teachers educated
as engineers in Ontario universities was assumed
to be 60 Ph.D.'s a year over the next decade.

No attempt ias made to assess the demand for
post-doctoral fellows. Usually such appointments
are for one or two years, and thus are a kind of
holding operation before the individual takes on
permanent employment. The load on demand,
averaged over a ten-year period, would be
negligible.

The demand for research is more difficult to
determine because of the present state of the
Canadian economy. In industry, the growth rate
for total expenditures on intramural research
and development has decreased significantly
since 1964. DBS figuress reveal the following
growth rates: 1964, 26%; 1965, 27%; 1966,
10%; 1967, 7% and 1968," 3%. These figures,
adjusted for a 6% "inflation-sophistication" fac-
tor9 show a sharp decline in industrial research
and development activity. Prospects for a rever-
sal of this trend in the near future do not appear
at this time. The present austerity program of
the Canadian government, coupled with its

DBS Dally, 23 April 1969.
r'nr a full discussion and derivation of this factor, see R. W. Jack-

so n. W. Henderson and B. Leung, Background Studies in Science
Policy: Projections of R and D Manpower and Expenditure, Special
Stu,'v 'o. 6, Science Council of Canada, 1969, Section 2.
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desire to shift more research into the industrial
sector, means that opportunities of employment
at the federal level for engineering doctorates are
equally low. Over the present decade research
activities probably will remain relatively static,
and therefore the demand for research engineers
will consist almost entirely of the need for
replenishment to make up for yearly attrition.
The existing stock of engineers engaged in such
activities in industry and in government is
approximately 2,000 (1,000 in each sector) and
consists of 3% with professional certification,
64% with bachelor's degrees, 21% with master's
degrees and 12% with doctoral degrees."' In spite
of this present mix, we have assumed that existing
stocks will he replaced with a much higher pro-
portion of Ph.D.'s and that this replacement will
consist of 60% doctoral graduates. By 1980 a 5%
attrition would create a demand for approxi-
mately 60 a year for Canada, and we have
assumed that about one-half of this number will
be drawn from Ontario.

A small proportion of doctorate engineers
move into occupations other than teaching and
research (Table 9-5) . In recent years, such occu-
pations probably have been associated with the
service sector, but figures are not available to
substantiate this statement. We have assumed
that 10% of the total demand for engineers with
a doctorate will result from employment oppor-
tunities outside teaching and research. Table
9-5 shows that 20% of them are in management.
Since they normally do not move into these
positions immediately upon graduation, we have
combined any demand for this occupation in the
10% figure suggested above.

From the foregoing, it appears that the Cana-
dian demand for engineering doctorates from the
Ontario universities over the present decade will
be about 100 a year. This figure appears reason-
able in the light of current economic circum-
stances, but it must be reviewed regularly at
least every five years because of rapid changes
in technology and public opinion that will offset
the economic and political climate over the bal-
ance of this century.

A survey has been made of the anticipated
country of employment for the Ontario engi-
neering graduate students enrolled in 1968-69)1
About 55% planned to work in Canada, 15% in
a foreign country, and 30% had no idea. A stir-
vey12 of the present employment of the holders

"1967 Survey of Scientists and Engineers.
"Summary produced by the Program Planning and Analysis Group
Manpower Section, National Research Council, July 1970,

"Survey conducted by the Ontario Council on Graduate Studies in
1969.



of the 231 Ontario doctorates in engineering
awarded between 1964 and 1969 reveals that of
the 197 Ph.D.'s whose locations are known, 54%
were employed in Ontario, 28% in the rest of
Canada, 14% in their home country and 4% in
some other country. It is unlikely that emigra-
tion to the United States will continue at recent
levels because of the present scarcity of employ-
ment opportunities for engineers there. However,
the U.S. Engineering Manpower Commission
estimates that by 1972t3 demand will again over-
take supply. It would appear that about 20% of
the Ontario Ph.D. graduates will leave Canada
for employment elsewhere, and allowing for such
emigration, the total output of Ph.D.'s ought to
be 125 a year.

In summary, the anticipated demand for engi-
neers from Ontario universities, averaged over
the decade 1970-80, is as follows:

Bachelor's degree 1,500-2,500 a year
Master's degree Included in the figures for

bachelor's degree; the
number will depend on
the intentions of
students.

Ph.D. degree 125 a year.
SUPPLY OF UNDERGRADUATE
STUDENTS

The term "supply" is used here to desig-
nate the supply of engineers into the economy
from the Ontario engineering schools, which
depends to a large extent upon the student popu-
lation stream into the freshman year. Enrolment
projections are of such importance to this study
that they were treated in some depth and
embodied in a separate report as a source docu-
ment. Since 87% of Ontario undergraduates
are from that province" it appeared reasonable
to use Ontario statistics and high school data, An
analysis of the entrance requirements for its
engineering schools shows that, for 1969-70,
grade 13 students must have successfully com-
pleted mathematics A and B, physics and chemis-
try. Other required subjects vary, but a mini-
mum standing (usually 60%) is necessary in
some or all of them, together with an adequate
over-all standing in grade 13.

Since 1955, there has been a declining interest
in both physics and chemistry (Fig. 9-3) . Even
though high school enrolments continue to climb
and a greater proportion of high school gradu-
',Engineering Manpower Bulletin, Number 17, September 1970.
"Philip A. Lapp, Undergraduate Engineering Enrolment Protections for

Ontario, 1970-1980, CPUO Report No. 70.1.
'Z. E. Zsigmond and C. 3, Wenaas, Enrolment in Educational Institu-

tions by Province, 1951-52 to 198041, Stan Study No. 25, Economic
Council of Canada, January 1970.
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ates attend university throughout the 1970s, a
declining interest in physics and chemistry will
offset these upward trends. Total engineering
enrolments should level off near the 1970 figure,
in a band between 8,000 and 8,300 students.
This would occur if the Ontario high school cur-
riculum and engineering entrance requirements
continue :n their present form. However, Onta-
rio high schools are changing, and it is expected
that sonic form of a credit system will be intro-
duced whereby students can proceed at their
own pace toward graduation. Under such cir-
cumstances, universities will be forced to re-
define their entrance requirements as recom-
mended in Chapter 2 (Recommendation 2:1) ,
and these could vary between different regions of
the province.

A constant total enrolment of 8,000-8,300
students would result in a steady-state bachelor
degree output of approximately 1,400 a year or
100 below the minimum set by demand. The
final enrolment projection was undertaken on
the assumption that neither physics nor chemis-
try would be mandatory for engineering, as it is
at the present time for most schools, but that
grade point averages would be maintained at the
same academic level. In this way, engineering
and science faculties would draw from the same
pool of high school graduates. Using this projec-
tion (Fig. 9-4) , freshman enrolments would
build up to 4,000 students and total enrolments
to a level of 13,000 students by the year 1980-81.
(Figure 9-4 includes the universities' projections

for total enrolments. The lower branches of the
curves are the estimates when entrance require-
ments for engineering remain unchanged.) This
final projection yields an average of about 1,750
bachelor's degrees a year over the period 1968-
81, and falls within the range of demand sum-
marized above.

SUPPLY OF GRADUATE STUDENTS

The pool of these students in Ontario is made
up of Canadians who move directly into gradu-
ate studies after their baccalaureate degree,
students who have one or more years of practical
experience and students who are landed immi-
grants or foreign nationals. Unfortunately, it was
not possible to obtain a complete cross-section of
this mixture, but Table 9.7 does show the citi-
zenship of Ontario engineering graduate stu-
dents for the years 1968-69 and 1969-70. In the
latter year, approximately one-half were Cana-
dians, one-quarter landed immigrants and one-
quarter foreign nationals. In the previous year
the foreign student component had been one-
third, and the difference was taken up by
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increased numbers of landed immigrants. (Prob-
ably this was caused by a change in the National
Research Council policy: graduate fellowships
arc now being aw.irded only to Canadian citizens
and landed immigrants.)

Table 9-8 shows the age and sex of Ontario
engineering graduate students for the academic
year 1968-69, and since 72% were 26 years of
age or older, usually they have had one or more
years of practical experience before embarking
on graduate studies. It would appear that
the majority of those entering engineering
make their initial plans only as far as the bache-
lor's degree. After obtaining employment and
learning more about the profession, with its
opportunities and challenges for those with more
education, they raise their sights to the master's

or doctoral degree level. Table 9.7 reveals that
22% in 1968-69, and 24% in 1969-70, were part.
time students who, for the most part, pursued
an advanced degree while working in industry
or government.

It is possible -o make a rough estimate of the
mix in the supply of graduate students: of the
total stock in 1969.70, approximately 30% moved
directly into graduate studies while 70% had had
some professional experience. About one-third of
the latter group were employed as engineers while
pursuing graduate studies on a part-time basis.
One-quarter of the graduate students were for-
eign nationals, and less than 6% of these were
part-time students (from Table 9.7) . The percen-
tage of foreign nationals with experience prior to
graduate study is not known.

Table 9.7
CITIZENSHIP OF ONTARIO ENGINEERING GRAM rA FE S WISEST%

1969 and 1970
LANDED FOREIGN

IMML Sill.CANADIAN GRANT U.S.A. U . EUROPE ASIA AFRICA 0111LR 1OTAI 70TA1.

Year Ending 69 70 69 70 69 70 69 70 69
Doctoral 236 230 101 169 9 8 3 6 10
Full-Time % 46,0 42.6 19.7 31.3 1.8 1.5 0,6 1.1 1.9
Doctoral 59 72 13 21 1 1 1 1

Part-Time % 72.8 72.7 16.0 21.2 1.2 1.0 1.2 - 1.2

Master's 405 372 191 218 8 4 27 20 30
FullTime % 40.8 40.6 19.2 23.8 0.8 0.4 2.7 2.2 3.0
Master's 247 252 60 97 1 2 5 1 1

PartTime % 70.0 67.9 17 0 26.1 0.3 0.5 1.4 0.3 0.3
Total 947 926 3115 505 19 IS 36 27 42
Total ^;, 48.8 48.1 18.8 26.2 1.0 0.8 1.9 1.4 2.2

AGE

GROUP

Under 23
23 - 25
26 - 28
29 - 31
Over 31

TOTAL

Source: CPUO Research Dielkm.

70 69 70 69 70 69 70 69 70 69 70
13 122 88 15 19 17 7 176 141 513 540

2.4 23.8 16.3 2.9 3.5 3.3 1.3 14.3 26.1 100 100- 6 3 - 1 9 6 81 99
- 7.4 3.0 - 1.0 - 1.0 11.0 11.0 100 100

27 255 206 39 35 39 35 397 327 993 917
2.9 25.7 22.5 3.8 3.8 3.9 3.8 39.9 35.7 100 100- 34 18 - 5 1 46 22 353 371

- 9.6 4.9 - - 1.4 0.3 13.0 6.0 100 100

40 417 315 53 55 61 44 628 496 1,940 1,927
2.1 21.5 163 2.7 2.9 3,1 2.3 32.4 25.7 100 100

Table 9-8
AGE AND SEX OF STUDENTS ENROLLED
FOR THE MASTER'S AND DOCTORATE

IN ENGINEERING AT ONTARIO UNIVERSITIES
1968.69

ENROLLED FOR MASTER'S ENROLLED FOR DOCTORATE TOTAL ENROLMENT
MALE FEMALE TOTAL MALE FEMALE TOTAL MALE FEMALE TOTAL

(t/)
38 0 38 4 0 4 42 0 42 (2)

408 9 417 86 0 86 494 9 503 (26)
382 5 387 212 0 212 594 5 599 (32)
194 2 196 159 0 159 353 2 355 (19)
240 I 241 152 1 153 392 2 394 (21)

1,262 17 1,279 613 1 614 1,875 18 1,893 (100)

Source: PTOSTIMIN Phussaltil led AnstlYsla Oros* - Maspower Section, National Research Council of Casada. July 1970.
NOTE: Totals in this table diner slightly from those in Table 9-7, owing to differences in &Ashton of Wale gradual* programs by NRC and

CPUO.
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Student intentions should play a major role in
determining the supply of graduate students. A
rough measure of such intentions can be devel-
oped from an analysis of student flows into gradu-
ate studies. Table 9-7 reveals that, in recent years,
48% of the Ontario engineering graduate stu-
dents have been Canadian citizens. Table 9-9
shows that, in any year, the ratio of this Canadian
component to bachelor graduations from Ontario
of the previous year rose during the early 1960s,
levelling off in 1967, to remain relatively constant
at approximately 80%. This last figure represents
the intentions of Canadian students, at the pres-
ent time, to pursue graduate studies in the
Ontario engineering schools and is based on
bachelor graduations - the principal "feed"
mechanism for these schools.

Table 9-9

CANADIAN GRADUATE ENROLMENT FROM
BACHELOR GRADUATIONS FOR THE ONTARIO

ENGINEERING SCHOOLS

(A)
Canadian (B)

F.T.E. Graduate Graduate Ontario Bachelor's
Academic Enrolment - Enrolment - Degrees Awarded A/B

year Ontario Ontario Previous Year Percent

1961-62 348 167 705 23.7
1962-63 416 200 707 28.3
1963-64 558 268 705 38.0
1964-65 728 349 682 51.2
1965-66 851 408 708 57.6
1966-67 1,158 556 810 68.6
1967-68 1,482 711 869 81.8
1968-69 1,764 847 991 85.5
1969-70 1,893 909 1,142 79.6

*Assumed to be equal to 48% of total F.T.E. graduate enrolment, a
figure that has only been confirmed for 1968-69 and 1969-70.

Over the past decade there has been a rapid
growth in enrolment at the graduate level and
this has meant an upward surge in expenditures.
The cost study, summarized in Appendix H, has
revealed that, in many instances, tile diversion of
faculty time from undergraduate to graduate
students became excessive, particularly when
there was a high ratio of graduate to undergradu-
ate students. For these and other reasons brought
out in this report, it is felt that the "nu. fibers
game" in graduate studies should be curbed, and
for the future graduate enrolments should be
related more directly to the growth of under-
graduate enrolments.

At tile present time, the intentions of Canadian
engineering students to pursue graduate studies
in Ontario can be accommodated while limiting
such enrolments to about 80% of those receiving
bachelor's degrees. A 10% minimum foreign
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student enrolment has been recommended for the
province's graduate schools.l6 The study group
agrees with this recommendation, and is allowing
an additional 10% to permit some growth in the
participation rate and for landed immigrants.
Therefore, graduate student enrolments should
be maintained at a level equal to the number of
those receiving bachelor's degrees in the previous
academic year.

Figure 9-5 and Table 9-10 summarize the
recommended graduate enrolments for the period
1968-80, together with the forecast of bachelor's
degrees derived from undergraduate enrolment
projections." We reconun..:nd that:

(9:1) over the next two years the estimated graduate
enrolment of 2,000 for 1970-71 be reduced by 17%,
after which graduate enrolment should be equated to
the previous year's bachelor graduations.

Table 9-10

RECOMMENDED ENGINEERING GRADUATE
ENROLMENTS, PROVINCIALLY-ASSISTED

UNIVERSITIES, ONTARIO, 1968-1980

Academic
Year

Engineering Bachelor's
Degrees (previous year)

Recommended Graduate
F.T.E. Enrolm nt

1968-69 991 1,764
1969-70 1,170 1,893
1970-71 1,416 2,000 (estimate)
1971-72 1,540 1,800
1972-73 1,664 1,664
1973-74 1,558 1,558
1974-75 1,639 :,639
1975-76 1,717 1,717
1976-77 1,848 1,848
1977-78 2,020 2,020
1978-79 2,163 2,163
1979-80 2,253 2,253
1980-81 2,315 2,315

Ontario engineering schools would not be
alone in curtailing graduate enrolments. At Har-
vard University, it has been recommended that
the Graduate School of Arts and Science reduce
its enrolment by approximately 20%, to be
effected over a five-year period. In the words of
the President's Report for 1968-69:

The committee felt that the number of gr idu-
ate students has become Loo large for the
faculty adequately io instruct, that the need
for large numbers to provide college and uni-
versity teachers has become less pressing, and
that the quality of our whole effort in this
area could be improved by such reduction....

"Ontario Council on Graduate Studies, Report o/ tht Committee on
Student Financial Support, August 1970.

"Lapp, Undergraduate Engineering Enrolment Projections, CPUO Re-
port No. 70-1,



The demand for engineering doctorates from
the Ontario schools will be about 125 a year. It
takes a full-time doctoral student approximately
three and a half to four years to complete his
studies, and therefore at any one time the total
number of doctoral students should be in the
order of 450 students. The full-time master's
student takes about a year and a half to complete
his studies, so that the average number of full -
time master's students will be about 1,400. From
Table 9-10, the average annual graduate enrol-
ment over the next ten years will be 1,900 F.T.E.
students. The nuinbcr of master's degree engi-
neers entering the labour force should be about
950 a year. (In 1969, there were 441 engineering
master's degrees awarded in Ontario.)

Over the ten-year period, the number of mas-
ter's degrees awarded will not be affected by a
mixture of full and part-time students. The same
number of students will be awarded degrees irre-
spective of the mix, but with more part-time
students a greater number can be accommodated
at any one time. It was shown that 24% of all
graduate students were enrolled part-time in
1969-70, and this percentage has, been increas-
ing. Since over 70% of engineering gradu-
ate students have had professional experience
before returning to school, we expect greater
numbers to avail themselves of part-time graduate
studies when classes are programme,: at more
convenient hours and wider use is mad- of tele-
vision teaching. We would encourage such a
policy, particularly at universities located near
tl. 2 larger urban centres where there are sufficient
numbers of practising engineers.

Part-time students usually pursue studies relat-
ing either directly to their employment, or to job
availability as seen by the engineer with experi-
ence in the marketplace. Therefore, his field of
study and class preferences should be an indicator
of current market. demands for engineers in in-
dustries close to universities. It can provide engi-
neering schools with a built-in mechanism for
relating instruction directly to the needs of the
practising engineer.

ENGINEERING MANPOWER STATISTICS

Table 9-11 is a partial lint of the Canadian
sources of data used in this study.

Table 9-11

SOURCES OF DATA ON ENGINEERING Mi.NPOV ER

Government of Canada
Department of Manpower and Immigration
Dominion Bureau of Statistics

9 Manpower

Department of Industry, Trade and Commerce
National Research Council
Defence Research Board
Science Council of Canada
Economic Council of Canada

Government of Ontario
Department of university Affairs
Department of Education.
Department of Trade and Development

The Profession
Canadian Council of Professional Engineers
Association of Professional Engineers of

Ontario
Engineering Instiuite of Canada
Other professional Institutes and Societies

In addition, both universities and industry
provided the study group with a wealth of
information.

The most significant compilation of useful
data on the characteristics of engineers is con-
tained in the Department of Manpower and
Immigration's 1967 Survey. Planners in educa-
tion, industry, government and the profession
need data of this kind on a regular and reliable
basis in order that they may formulate plans and
policies to assist in meeting their objectives. Such
surveys should be conducted regularly in order
to develop a pattern and to discern trends. It is
important to have a knowledge of existing stocks
but, in such planning, the recent flows into
existing stocks are of more significance. Flow
measurements require regular and periodic
comparisons.

The demand figures developed in this chapter
are based on the existing pool of engineers and
growth rates assumed for the next ten years. Both
of these factors could change significantly owing
to events that cannot be foreseen at this time.
For example, there could be a major shift in
emphasis towards the "survival" industry that
sector related to pollution control and abate-
ment, or an even more intense growth than we
have anticipated in the service sector. New and
more refined demand projections require an
assessment of technological change and public
opinion, as we'l as an evaluation of the economic
and political climate prevailing at the time. Such
projections are of critical importance in educa-
tional and manpower planning, and should be
conducted at regular intervals, perhaps every
two or three years.

Since the Canadian Council of Professional
Engineers represents the profession at the
national level, it is the logical body to coordinate
periodic surveys and disseminate the processed
data to the profession. The United States Engi-
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neering Manpower Commission of the Engi-
neers' Joint Council performs such a task for
the profession in the United States. It is funded
by the sale of reports and publications, contribu-
tions from industry, and government contracts.
A similar organization is needed :n Canada.
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Therefore, it is recommended that:
(9:2) the Canadian Council of Professional Engineers
explore ways and means of establishing a permanent
Canadian Engineering Manpower Commission in
order to provide national and regional data on engi-
neering manpower in Canada.



10

THE SYSTEM

INTRODUCTION
In Chapter 9 it was shown that the province's

engineering schools can meet the need for engi-
neers if there is a restructuring of existing
entrance requirements. Once this occurs, the
number of undergraduates should show a steady
increase and by the end of the present decade
will be up by more than 50%. We turn now
to three questions that prompted this study.

1. Are there too many engineering schools in
Ontario?

2. Can adequate provision be made for the
anticipated numbers up to 1980?

3. What should be the enrolment pattern and
student distribution among these schools?

The two major criteria in the light of which
these questions must be considered are academic
quality and instructional cost. These will be

develcned in order to establish a basis for deter-
mining the size of each school in the system. If
Ontario is to achieve a rational pattern of engi-
neering education, it will be necessary to estab-
lish enrolment quotas at the bachelor's, master's
and Ph.D. levels. Individual institutions cannot
continue to act independently in such matters

each must operate as a component of thr sys-
tem. Such an enrolment plan, although based on
considerations of both cost aid quality, will
permit the assignment of specific roles to
each university areas of activity that are
consistent with regional, provincial and national
requirements.

COST CONSIDERATIONS IN
ENGINEERING EDUCATION

We anticipate that an increasing percentage
of young people in the 18-22 age group will con-
tinue to enroll in some kind of institution
devoted to post-secondary education throughout
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the present decade, with a significant proportion
of such students continuing their studies to the
level of a master's or doctoral degree. In addi-
tion, aspirations of the academic community are
high and will account for steady pressure to
improve standards of quality, facilities, teaching
loads, and salaries.

This has been responsible for a substantial
drain on the provincial budget. However, the
time is fast approaching when the demands of
higher education for increasing financial support
will outstrip the supply of available revenues.
Taxpayers have begun to question the expendi-
ture of our educational dollars, and to suggest
that too little attention has been paid to such
matters as efficiency and productivity.'

The magnitude of educational expenditure in
Canada underscores the urgency for efficient
management and control. These are formal dis-
ciplines that are elements in the execution of
any plan. Successful planning is both qualitative
and quantitative, and the advent of the modern
computer has created a wave of enthusiasm for
numerical analysis as a tool in the quantitative
aspects.

Quantitative methods can be used effectively
in educational planning only when the factors
involved can be measured. The concept of cost/
benefit applied to an investment is intellectually
satisfying but we have grave doubts that it can
appropriately be applied to educational planning.
While costs can be measured with reasonable
precision, benefits cannot nor can all benefits
be measured in the same dimensions. Yet cost/
benefit ratios, rates of return and present values
have such an authoritative and satisfying ring to
them they are so facile, and a simple number
is so easy to remember. This is where a real
danger lies. The assumptions and hypotheses
underlying such simple results are often forgot-
ten, so that biases are developed and decisions
made without appreciation of the ramifications.

For educational planning purposes, benefits
have been measured in terms of lifetime earn-
ings, discounted to some base year by assuming
various inflation rates. Such benefits have a
meaning for the individual only if he fails to
take into account the intellectual and cultural
benefits derived from his education. Career deci-
sions made solely on the basis of differential
earnings comparisons would drive all students

'The Economic Council's Seventh Annual Review state.: the following:
"Until recent years, efficiency was largely a matter of feel and flair on
the part of some dedicated educational administrators. But in the light
of current and expected developments, it is important that more wide-
spread, systematic and intensive efforts be aimed at increasing the
effectiveness of these expenditures."
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into medicine or dentistry. For society, the
return based on lifetime earnings does not take
into account the contribution of education to
future economic growth, cultural development
or the quality of life. Furthermore, the measure-
ment of lifetime earnings must be based on sur-
vey data from cohorts that represent the full
spectrum of careers resulting from any educa-
tional program. In Canada, with few exceptions,
such data are not yet avaiilble

The study group debated at length the use of
cost/benefit techniques in the planning aspects
of this study, and rejected them On the above
grounds. Aside from the lack of complete cohort
salary data, we were unable to find any way of
quantifying the other less tangible benefits in
terms of dollars. We hate resorted to quantita-
tive methods in many other areas in an attempt
to achieve a balance with qualitative argument
and the occasional arbitrary judgment.

In contrast to industry, where rising costs have
been met by the adoption of automation and
improved technology, education continues to be
conducted in much the same fashion as it
was a half-century ago. The increasi,.g support
accorded to universities over the past decade has
made it possible for these institutions to add new
curricula and new courses faster than the growth
in enrolments could justify, and this has placed
a limiting factor on their ability to concentrate
effort in those areas where they might develop
excellence.

It should be possible to achieve greater effec-
tiveness in the deployment of resources by the
use of business methods, and a clear statement of
realistic objectives could establish the basis for
formulating the necessary guidelines. A systems
analysis can reveal methods whereby universities
could substantially Unprove their returns in
terms of acaden :c distinction, and increase their
output of trained engineers without any reduc-
tion of either quality or standards, and without
adding to the load being carried by individual
faculty members. In future, administrators,
deans and department heads will have to rely
more upon quantitative mthods of assessing
performance in order to account to government
and to the public at large for the effective
expenditure of funds in meeting their specific
objectives.

While cost accounting in universities has not
achieved any real degree of sophistication, efforts
are being made to develop more refined tech-
niques in order to measure and compare the
expenditure per student in different programs,
both within a university and between univer-



sities. Difficulties arise in attempting to allocate
costs between undergraduate and graduate pro-
grams, lecture and laboratory work, large and
small classes, teaching and research supervision,
and between different departments and faculties.
In evaluating any system of engineering schools,
such comparisons must be bawd on a common
method which takes into account as many factors
as possible.

An attempt was made t) compute unit costs
(the cost per student) for the Ontario engineer
ing schools, and this is summisized in Appendix
1-1.2 The cost study develops policy variables that
could be used to advantage in the operation of a
department or faculty. The most important vari-
able is the average class size defined as the
ratio of the average number of students in any
section to the number of faculty teaching in that
section. Figure 11-1 shows how unit costs de-
crease with an increase in the size of the average
class. Other policy variables were of less signifi-
cance, but have been incorporated in the calcu-
lation of unit costs.

The cost study focused on the question of eco-
nomic viability, and revealed that between 600
and 1,300 undergraduate students is the optimal
enrolment range where unit costs are minimal.
Such numbers apply to the existing structure
where most schools offer four or more separate
programs. If economic viability is to be achieved
in schools where undergraduate enrolments are
less than 600, then fewer programs must be
offered, or the curricula so structured that a rela-
tively large proportion of classes is common to
all or most programs.

The average class size of engineering schools in
Ontario in 1969-70 was found to be 55 for the first
year, 34 in the second, 20 in the third and fourth
years, and 32 over-all (Table H-3) . As can be
seen in Figure H-I, the average unit cost for
undergraduates was higher by about 25% than
the unit cost corresponding to the suggested mini-
mum band. A 25% cost reduction could be
achieved if the aver -all average class size were
increased by 25%, because of the hyberbolic
relationship between unit cost and average class
size (Figure H-1) . Most first- and second-year
classes are sufficiently lait,,! already, so that much
of this increase should be taken up in the third
and fourth years. A 25% cost reduction could be
achieved by increasing the average class size for
these years to 35-40 students. The number of

delsJs, inclisdina an example, are covered in the source
document by Ivor W. Thompson and Philip A. Lapp. A Method Jos
Derelopimg 1.1mh Costs hi Educational Program's, CPUO Report No.
70-3, December 1970.
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students per instructor will be smaller in most
laboratory and tutorial classes than in lectures,
so that the total number cr students in a program
will have to be larger than the average class size.
The extent will vary, and we have chosen a figure
of approximately 20% to cover the range of pro-
grants typical of engineering. This would yield
a size criterion of a minimum of 40-50 engineer-
ing students graduating per year in each pro-
gram.3 Using current attrition rates, the total
enrolment in all four years would have to be
200-275 students per program.

The first year usually is common to all pro-
grams, with one school (Western) having a
common first and seccid year, and another
(Carleton) has rig a common first three years.

Guelph has devt!oped what is essentially a one- -
core program with elective courses throughout all
years. If there is a common curriculum for the
earlier years, class sizes can be maintained at
reasonable levels. However, if the smaller schools
proliferate programs, excessively large classes
would be required in the years common to all
programs for them to balance the small classes in
the latter years, and so maintain a minimum
average class size.

There is an upper enrolment limit beyond
irhich unit costs will again increase, as Fhown in
Figure H-2. In schools where total undergraduate
enrolments exceed 1,300 students, sectioning
policy in the earlier years is the principal factor
affecting unit costs. As a school increases in size,
first- and second-year classes expand until section-
ing becomes necessary, causing a sudden rise in
the unit cost. Schools in the minimum band (Fig.
H-2) are passing through this kind of transition
where the lower-cost schools have the largest
freshman classes. Thus, in successive years, class
sizes for the freshman year can suddenly be re-
duced by as much as a factor of two. If classes are
maintained close to the maximum size consistent
with proper instruction, the unit cost curve would
not show the well-defined minimum evident in
Figure H-2. As total enrolments increase beyond
2,000 students, there appears to be a tendency to
section into even smaller classes, perhaps to com-
pensate for the feeling of anonymity some stu-
dents experience in the larger universities. In
very schools, a complex administrative infra-
strtcture develops which tends to grow out of
proportion to the amount of instruction, thus
affecting costs adversely.

An examination of graduate programs shows
that 55% of costs arise from research supervision,
'The same conclusion was reached by Dr. F. E. Terman in Ememetrimg
Educatlom im New York, The State Educational Department, the
University of the State of New York, Albany, New York, March 1969.
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when assisted research4 is included, or 91% if it
is excluded (Appendix H) . For the province as
a whole, it would appear that over a twelve-month
period the average graduate student requires
about 150 hours of a faculty member's time for
such supervision. The cost of instruction, repre-
sentng less than 10% of the total if assisted
research is excluded, obviously depends on the
size of graduate classes, but this influence is small
when compared to the cost of graduate supervi-
sion. Consequently, in contrast to undergraduate
work, the unit cost of graduate programs does not
vary significantly with graduate enrolment. This
applies to the average graduate program. It would
appear that in universities where course-intensive
master's degree programs prevail, less time is
spent on graduate supervision, and hence the
cost in such cases will depend more upon class
size averages.

QUALITY CONSIDERATIONS IN
ENGINEERING EDUCATION

While each of the factors affecting unit costs
may bear a relationship to quality, they are not
a direct measure of it, and hence it does not
follow trAt higher costs mean better quality. For
example while very small class sizes result in
high unit costs, they do not necessarily ensure
high edtcational quality. When classes become
small, totit costs will rise unless each faculty
member carries large- work load in order to
maint:in a productivity comparable to that of
his counterpart in a school with larger classes.
In prac:ice, unit costs vary over a wider range
than & instructional loads, but in the smaller
schools Mere is a tendency to strive for lower
unit costs by stretching these loads. Such an
approach leaves faculty members less time to
prepare lectures and probably dampens incen-
tive to get on with research or to get involved
in professional activities. Furthermore, in a small
faculty, each member is expected to teach an
assortment of subjects, and undoubtedly this will
include some in which he is not fully qualified.

When enrolments do expand to the point
where sectioning becomes practical, quality is not
necssarily best served by dividing up the large
classes. It is preferable for the outstanding
teacher to be given a large class rather than force
some students in a smaller section to suffer
under an inferior instructor. As a general prin-
ciple, the maximum number of students should
be exposed to leading members of the faculty

ikssisted research is money received by a department to support gradu-
ate student research over and above the amount received from operating
formula income to the university. The sources vary, but most of such
funds are provided by the National Research Council.
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and this cannot be accomplished if they teach
only small classes.

We do not suggest that larger classes are
always to be preferred, and there arc some sub-
jects that can only be taught in small groups: a
balance is necessary, but smaller classes do not
lead automatically to higher quality. The real
stature of a program depends more upon the
calibre of the faculty than upon the size of the
classes. If outstanding teachers take on the larger
classes it permit lighter teaching loads to be
assigned to these teachers, and without any loss
in productivity.

In the larger schools it is possible to offer
instruction in a ivider variety of topics, and the
student has a better opportunity to explore indi-
vidual interests. This cannot be done in the
smaller schools, because of the necessity to create
common curricula and to restrict the number of
electives. While this may appear to make it less
attractive to the student from the standpoint of
diversity, it should not create any disadvantage
insofar as the quality of instruction is concerned.

The cost study reveals that in schools with a
relatively high ratio of graduate to undergradu-
ate students, there appears to be a tendency to
divert resources into the giaduate school. When
relative enrolments increase at the graduate
school level, a greater proportion of each faculty
member's time will be devoted to graduate
supervision. Less time is available for under-
graduate instruction, and some schools tend to
increase class sizes at the first- and second-year
levels rather than provide more teachers. The
presence of a graduate school should enhance the
quality of the undergraduate work, by inter-
action among faculty, graduate students and
undergraduates. However, it is essential that the
commitment to the graduate sector does not
become disproportionately large.

We have concluded that unit costs are not a
real measure of quality. Higher undergraduate
costs can result from either too small a school
or an enhancement in the quality of program.
A constant effort is required to ensure that the
good teachers are in contact with the greatest
number of students at a minimum of cost.

A final aspect in regard to quality and size
is academic viability. In any discipline there is
a minimum number of faculty below which
instructional and research synergisms fail to
develop. The size of this "critical mass" may
differ among groups, but for each discipline a
minimum figure of 10-15 faculty members
appears to be realistic. Academic viability lies



close to the heart of instructional quality, for
without it an engineering school cannot attract
the kind of people to give it real distinction. If
the present undergraduate student/staff ratio in
the Ontario engineering schools (15:1) is appro-
priate, enrolment of 150-225 students for each
program would be required for academic viabil-
ity figures only slightly below the minimum
set by cost considerations.

DEPARTMENTS AND PROGRAMS

In both Canada and the United States, engi-
neering schools have debated the wisdom of
organizing faculties according to discipline as
opposed to program. Ontario universities appear
to be of the opinion that the classical subdivi-
sions or disciplines of engineering are no longer
exclusive, even though they may continue to be
relevant. New programs are being developed,
but to date only a few, such as industrial engi-
neering, have achieved sufficient stature to be
looked upon as new disciplines. Most discussions
of engineering organization lead to the concept
of a matrix, with the columns representing indi-
vidual disciplines, and the rows the individual
programs. A student in any program will draw
from all or most of the disciplines, but the
faculty is organized along disciplinary lines into
separate departments. The study group can see
no strong reason to suggest changes in this struc-
ture.' The academic viability criterion suggests
that any discipline or department group should
contain at least ten faculty members. Students in
a program associated with this discipline would
receive most of their instruction from that
department, particularly in the third and fourth
years.

New interdisciplinary undergraduate programs
can be established within the above framework,
where each department provides the required
service instruction.6 Such programs are to be
encouraged but should not constitute a depart-
ment until classes are sufficiently large and aca-
demic viability has been achieved. Normally,
such new departments should be formed from a
nucleus of staff drawn from existing departments
(A sufficient size that they do not suffer as a result
et the separation. This would be a gradual pro-
cess, where a group is formed from one or more
departments and then works together in the new
discipline for a number of years before separat-
ing out to create a new department.

'Behavioural simulation studies conducted at M.I.T. showed that when
a school is reorganized into widely disparate forms, it ultimately
becomes re-aligned into forms where the classical disciplines are
visibly distinguishable.

For ezamPle. Engineering Science at the University of Toronto.

10 The System

At first the class size in a new program will
he relatively small. If the school is large, the
impact on the average class size will be negli-
gible, but otherwise it can be quite significant.
The specialty need not involve the introduction
of new classes, if it makes use of classes offered in
other faculties (e.g. engineering and manage-
ment, where stuc.ents could enrol in existing
classes in tile Faculty of Business Administra-
tion) . New programs introduced in this way do
not seriously affect unit costs, and ultimately may
increase average class sizes if such programs
attract more students into the engineering
school.

Frc,in the fore,going, it is possible to formulate
conclusions about the best size for the Ontario
engineering schools. Programs become economic-
ally and academically viable when enrolni,lits
reach a level of about 200-275 students. A depart-
ment should contain at least ten faculty members.
New programs Sdr,i;;A be introduced only when
the average class size can be properly sustained.
For Ontario schools with three or more programs,
the minimum undergraduate enrolment should
be 690-1,300 students. Enrohnents of over 2,000
undergraduate students should be discouraged
since it is probable that in an attempt to overcome
dehumanizing tendencies unit costs will rise. We
have said that the number of graduate students
in the system should be equal to the number of
bachelor graduations of the previous year. While
such a relationship is meant to be applied to
Ontario as a whole, we are suggesting it as a guide-
line for each institution, to ensure a reasonable
balance between undergraduate and graduate
studies. On the basis of the present attrition rates,
the number of graduate students would amount
to approximately 18-19% of the total under-
graduate enrolment in the previous year, a figure
that will vary from year to year and between
institutions.

ONTARIO ENGINEERING ENROLMENT
DISTRIBUTION

Total undergraduate enrolments are expected
to grow from 8,500 in 1969-70 to 13,000 in 1980-
81, and freshman int.,ke should increase from
2,700 to 4,000 students over the same period
(Fig. 9-4) .

Table 10.1 shows the enrolment distribution
for 1969-70, and the number of programs offered
in that year in each school, together with the mini-
mum size associated with these programs. The
minimum size used for each program was 200
students; this figure is at the lower end of the
suggested range, although it may be high for
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Table 10-1
UNDERGRADUATE ENGINEERING ENROLMENTS

BY UNIVERSITY, ONTARIO 1969.70

University

Carleton

F.T.E.
Under-

graduate
Enrolment

1969-70

Number
of

Under-
graduate
Programs

Minimum
Viable

She

600a

Enrolment
Deficiency

62
Guelph I 57 1 200 43
takehead 47 b

Laurentian 37
McMaster 528 6 1,200 672
Ottawa 368 4 800 432
Queen'sd 1,160 6 1,200 40
T, iron to 2,199 8 1,600
IVaterlooa 2,349 800
IVestern 441 1,000( 559
W ndsor 402 1,400 998

8,226 2,806

a First three years are commo (viable sire could be smaller).
b First year only.
c First and second yeai only.
d Engineering chemistry, engineering and mathematics and engineer-

ing physics not included in total.
e Cooperative program.
f First two years are common (viable ,ire could be smaller).

schools with a common curriculum beyond the
first year. In considering enrolment deficiencies,
it can be seen that out of the eleven schools in
the system, only two arc above the ininimur
size (Toronto and Waterloo) , three are close to

PROGRAM

the minimmn (Carleton, Queen's and Guelph) ,

while the rest are well below a minimum size
in relation to the number of programs being
offered at the present time. On this basis it
could be concluded that Ontario has more engi-
neering programs than can be justified by any
criterion other than a need for geographic distri-
bution. Yet, in spite of this situation, new pro-
grams continue to be introduced, the need for
which is highly questionable.

An almost identical situation existed in the
State of California when a similar study was
undertaken in 1968 by Professor Frederick E.
Terman7 of Stanford University. hi his words:

Stich proliferation of turricula is a universal
academic diseme, and the situation that exists
in California is typical even if indefensible.
Malty California institutions would have
stronger engineering programs if they gave up
some of the fields of engineering ut which
their enrolments are now very small and likely
to remain so, and utili/ed the resources thus
released to strengthen other areas of engineer-
ing. The Coordinating Council should give
positive encouragement for such action, even

.to considering the possibility of exerting sub-
stantial pressure for the elimination at indivi-
dual institutions of existing curricula that have
been given a lair trial and have failed to
develop enough following to justify their
existence.

T. E. Terman, A Study of Ent:Merin: Education (n California,
Coorc:aating Council for Higher Education, State of California.
March 1968, p. 58.

Table 10-2

UNDERGRADUATE ENGINEERING PROGRAMS ONTARIO

LAKE-
CARLETON GUELPH HEAD

LAUR-
ENTIANMcMASTER OTTAWAQUEEN'S TORONTO WATERLOO WESTERNWINDSOR

Chemical X X
Civil X Xa X X
Electrical X Xa X
Mechanical X Xa X
Metallurgy
and X
Materials
Industrial
Geology X
dining
Engineering
Physics or X
Science
Agriculture X
Engineering
and
Management Xa
Systems
Design

a Offered for the first time in 1970.71. b Including Chemistry ( Engineering).
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Xb x

X X

X

Xa X

X X X
X X X
X X X
X X X

X X

X
c Including Mathematics and Engineering.
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Such a viewpoint can be said to apply to Ontario
in the year 1970.

The specific programs offered in Ontario are
shown in Table 10.2. It is apparent that coverage
of subject material is adequate, and possibly more
than adequate in the classical fields Of chemical
civil, electrical and mechanical engineering. it
complete listing of degrees awarded in Ontario
by institution and by discipline for the years 1961-
1069 is presented in Appendix B.

The geographic distribution of the Ontario
engineering schools is illustrated in Figure 10-1,
ahich shows that the more populous regions of
the province are well served. In the heavily indus-
trialized area along the northwest shore of I.ake
Ontario there are in) fewer than five schools with-
in a 100-mile span, while Ottawa has two such
schools. All but one of these schools arc within a
220 -mile radius of Toronto a four-hour drive
on good highways.

RECOMMENDED DISTRIBUTION OF
UrDERGRADUATE ENROLMENTS

An examination of Table 10 -I reveals five
schools tt here numbers are too low, and even with
an anticip..tcd build-up of enrohnents (Fig. 9-4) ,
there will not be enough soidents in Ontario to
overcome c these deficiencies, It least until after
1975. Furthermore, the distribution of enrol-
ments will continue to be unbalanced unless
steps arc taken to limit the intake at certain
schools, since it appears that students are being
attracted to the well-established faculties, or to
schools in the large urban centres. Unless the
smaller schools develop to a viable size, the cost
of engineering education in the province will con-
tinue to be higher than it needs to be and the
quality will vary.

If the upper limit of enrolment, based on cost
and academic viability, for any school is to be
2,000 undergraduates, and if by 1980 about
13,000 of them are ii. the system, then only seven
schools would be required. But there are special
regional needs, and experience has shown that it
takes ten or more years to build a strong engineer-
ing school. Therefore, throughout the 1970s those
schools below critical size should he preparing
themselves for continuing growth into the 1980s
while the others either reduce numbers or hold to
present figures. There are good reasons for retain-
ing more schools than a minimum of seven, and
the smaller schools must strive to attain minimum
viable enrolments as rapidly as possible. They
should limit the number of their programs and
develop strength around one or two specialties.
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For these reasons, we shall rat mimend a reduc-
tkm in freshman intake at Tonmto and Waterloo
and the establishment of an upper limit on fresh-
man enrolments at the other schools, with the
exception of Lakehead and Laurentian, for which
new roles are recommended (see page 80) . In this
way, freshman intake will be redistributed within
the system. and each school can grow to a viable
size in the shortest possible time. Table 10-3 sum-
marizes the recommended upper limits for fresh-
man intake at each school: if undergraduate
enroment projections arc correct, then by insti-
tuting flue recommendations in 1971-72. these
limitations should be reached in all schools by
1980. There is no justification for another engi-
neering school in the province until after 1980,
and then only if it can be dm-minced as a part of
the total system.

Table 10-3

RECOMMENDED FRESIMAN INTAKE
ONTARIO ENGINEERING SC11001.S 1971-1980

University

Approximate
Freshman

Intake
1970-71

Recom
mended

Maximum
Freshman

Intake
1971.190(1

Aptwoilinate
Sseady

Slate Size a
Maximum

Intake b

Carleton 220 400 1,250
Guelph 47 150 500
Lakehead 48 0 300-f-c
Laurentian 46 0 Od

McMaster 235 500 1,600
Ottawa 100 4 )0 1,250
Queen's 373 r,10 1.600
Toronto 669 ,i00 2,000
Waterloo 671 650 2,200
Western 155 400 1,250
Windsor 120 400 1,250

www
Totals 2,684 4.000

a As of mid-September 1970.
b Assuming attrition rates do not change appreciably from those at

present.
Recommended new two-year degree program for diploma technolosY
graduates.

d Recommended that engineering studies he phased out by 1972.

Past enrolments fo each school and recom-
mended structures for the future arc shown in
graphical form in Appendix B. This pattern is
based upon criteria that stem from academic con-
siderations and operating revenue, and not on the
capacity of the physical plant. Already. certain
schools are limiting enrolments because of a lack
of facilities (e.g. Queen's, Toronto and Water-
loo) . The :,ctual pattern of future growth will
depend upon the available capacity of each
school. At the present time there are some with
surplus space which should be filled before any



facilities arc extended. For this reason it will be
reumninended that, until the student population
in the sr,tein builds up, Toronto and Waterloo
restric t freshman intake to 600 and 650 students
respectively, while Queen's holds at about 400
students.

No attempt has been made to undertake a
quantitative assessment of the facilities required
by the Ontario engineering schools; Bieir present
holdings arc summarized in Appendix E. A
detailed study is being conducted by the Com-
mittee of Presidents of Universities of Ontario
and the Ontario Department of University Affairs
on a capital formula covering all faculties. It will
establish capital requirements for each type of
student in the system and : mechanism for the
funding of universities on an equitable basis. It
is to be hoped that such a formula will make it
possible to evaluate the requirements of each
engineering school, and to plan its expansion
and refurbishment in b.).. with the enrolment
growth patterns sugges'ed in this report.

RECOMMENDED DISTRIBUTION OF
CRADTIATF ENROLMENTS

'Table 10.4 shows the present enrolment distri-
hution of the 1,893 .E. graduate students in
1969.70. On the basis of the projet tion in Figure
9.5, it 1133 been recommended that the total num-
ber be reduced to 1,600 by the year 1973-74. We
have suggested that grafluate enrolments in each
institution follow essentially the same pattern as
recommended for the province, and therefore
the future distribution of graduate students
would stem from the number of bachelor's
degrees awarded.

Appendix It contains a tabulation of bachelor's
degrees and graduate enrolments for the past ten
years, by institution and by discipline. Figures
B-2 to 1t -12 were constructed from these data and
include total undergraduate and freshman enrol-
ments at each engineering school. The number
of bachelor's degrees to the year 1974.75 was esti-
mated from the freshman intake using the recent
attrition patterns of each school. Thes estimates
are based on the assumption that future how rates
of diploma technology graduates into s:cond year
'will not significantly alter attrition patterns, at
least for the next two years. Table 10-4 lists the
estimated lumber of bachelor degrees to be
awarded at earl institution in 1973, derived firm
Figures 11-2 to B-12.

This distribution provides a refereire for es-
tablishing graduate enrolment quotas Jr the year
1973.74, also shown in Table 10.4. Queen's Uni-

/

10 The System

versity anticipates a graduate enrolment of 180
students in that year, a figure that is below the
criterion derived in Chapter 9, but consistent
with its present five-year plan. Numbers some-
what larger than those suggested by the guideline
are recommended for Toronto and McMaster,

Table 10.4

REcost M ENDED GRADUATE ENGINEERING
ENROLMENT DisTititurrioN 1973574

Institution

Estimated Recommended
F.T.E. Bachelor's F.T.E. Recommended

(iraduate Degrees Graduate
Enrolment Awarded Enrolment a

1969.70 1973 1973.74

Phi) Enrol-
ment

1973-74

Carleton
rttawa

115
156

115
90

115
90

60b

McMaster 184 120 150 45
Guelph 23 30 30 0
Queen's 168 250 180 55
Toronto 625 440 480 165
Waterloo 456 385 385 125
Western 79 90 90 0
Windsor 87 80 80 0

Totals 1,893 1,600 1,600 450

a Both master's and Ph.D. students.
b Joint program (to be recommended in Chapter 11).

particularly in view of their location in large
urban areas of continuing growth, and the
strength of their graduate programs (see Table
5-1)

The study group is concerned over the rapid
growth of Ph D. studies in Ontario. Of the 1,893
graduate students in 1969-70, more than 600 were
doctoral candidates. We have recommended that
the total number of such rtudents in the system
not exceed 450 a year until this figure is updated
at he next review. The recommended distribu-
tion of these doctoral candidates is listed in the
last column of Table 10-4, and is discussed fur-
ther in Chapter 11.

The recommended enrolment growth of the
graduate schools tip to 1980-81 is shown in Figure
9.5. If the number of doctoral candidates remains
constant at 450. the enrolment in master's pro-
grams will grow from 1,150 F.T.E. students in
1973-74 to 1,150 in 1980-81, when about one
graduate stue,:nt in five would be a doctoral can-
didatc. Over the present decade, the pattern of
growth will be determined in large part by the
flow of freshmen into each engineering school.

FINANCIAL IMPLICATIONS
One of the defects in formula financing is that

it makes provision for financial support by sanc-
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tifying current trends without questioning
whether they arc desirable in the light of social
needs. This has induced the universities to
indulge in an almost immoral "numbers game",
resulting in distortions which are now becoming
apparent. For this reason, it is necessary to con-
sider the financial impact of some of the recon:
mendations in this report, if formula financing
is to be continued in its present form.

A reasonable annual expenditure for the edu-
cation of a doctoral candidate is about $17,500
($10,000 from formula income, $7,500 of asso-

ciated costs) . The suggested reduction in enrol-
ment of doctoral candidates will result in a saving
of about two million dollars, some of which
should be made available to assist in impler:.ent-
ing other recommendations in this report. How-
ever, as the system now stands, the loss of formula
income from operating budgets of the univer-
sities will represent hardship, rather than oppor-
tunity, as the engineering schools adjust to their
newly defined roles. For this reason, the operating
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formula will have to be restructured if the recom-
mendations of this report are to be implemented.

Alteration of the formula will have to be such
that there can be a smooth transition from the
existing structure to the developing new system.
Difficulties are bound to be encountered,K since
the present formula is retrospective in character,
while our recommendations are prospective.
Until there is some indication of dip actual tim-
ing of the implementation of these recommenda-
tions, there is little purpose in suggesting new
and less simplistic formulae. Certainly they will
involve increasing the weight of the basic income
unit accorded to the engineering undergraduate,
with a probable decrease in that allocated for
doctoral studies. We strongly recommend that:
(ti0:1) it is essential that changes in the formula be
considered concomitantly with the development of the
system.
"A problem emerges, however, if these weights are unintenionally out
of line with actual unit costs, or if there Is a substantial difference
between average and incremental costs. In such a situation, the univer-
sities may tend to stress those programs which are overweighted in
order to get extra money." Economic Council, Seventh Annual Review,
p. 69.

11

UNIVERSITIES IN THE SYSTEM

We have recommended an enrolment distribu-
tion for the system that we believe to be consistent
with cost and quality considerations, and also a
pattern of growth to ensure that individual
schools attain viable size in the shortest itossible
time. This has established an external configura-
tion which permits a moredetailed assessment of
the internal structure of each school in order to
meet the over-all educational objectives of the
system.

We have said that there appears to be no com-
pelling reason to alter the traditional branches
of engineering which have been developed over
the past century. They should continue to be
offered to engineering students, particularly at
the long-established schools and those in large
urban centres where enrolment pressures will be
most severe. Therefore, we will recommend that
a full spectrum of engineering programs continue
to be offered at four universities. In addition, cer-

min areas that may have been somewhat
neglected in the past _tow demand attention and
should represent focal al tns of importance in the
immediate future. The location of two engineer-
ing schools in the nation's capital, close to govern-
mental research facilities, constitutes a special
opportunity. We shall recommend that they be
assigned a cooperative common role specializing
in ink_ Lion systems engineering, and with a
joint doctoral program making use of federal
laboratories. Three others should specialize in
environmental engineering, liberal engineering
and agricultural engineering. In the north, there
should be a new two-year program designed for
graduates with a diploma in technology, to pro-
vide for regional and provincial needs. Engineer-
ing should be discontinued at one university.

In this chapter, these and other recommenda-
tions relating to the system will be developed.
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UNIVERSITY OF TORONTO

The Faculty of Applied Science and Engineer-
ing at Toronto is the oldest-established program
of engineering education in Ontario. The basis
for a "School of Practical Science" at Toronto was
laid down in an act of the provincial government
in 1873. Although original!), conceived of as a
separate institution, in 1906 the "School" for-
mally became the university's Faculty of Applied
Science and Engineering. Today, it has more than
15,000 living graduates, who represent nearly
one-sixth of Canada's professional engineering
community. The present enrolment of 2,824
ranks it as one of the largest schools on the conti-
nent, and all Canadians can take pride in its
achievements and 1:4 international reputation.

The study group was impressed by the close
association between engineering and the other
faculties at the University of Toronto. In our
visits to the universities, no other engineering
school appeared to have more satisfactory inter-
7ctions with other faculties in bo.i: research and
teaching.

Today, this engineering school is in a position
to engage in innovation as applied to teaching
techniques and ways to extend the outreach of its
faculty not only to other universities, but also
to the community, industry and society. It has
been devoting a good deal of attention to the
ceacing of first-year students, and to the use of
mole senior and cxperienc!d members of the
engineeri% faculty in teaching first- and second-
year mathematics and science. Proposed changes
in cm ricula pattern.; to be introduced uy 1971-72
may well establish usetul guidelines for some of
the other schools. In re-earch, cooperative proj-
ects such as the radio astronomy program with
Queen's University and the transportation pro-
gram with York University are commendable and
should be encouraged The team approach to con-
sulting work on the part of the Toronto faculty
has had an impact on the growth of secondary
industry in Canada, and the current development
of entrepreneurial interest among its iaculty
could stimulate further "growth" industry in
Ontario.

There appears to be a maximum size within
which human and physical resources can be dis-
tributed efficiently and our study has shown this
to be approximately 2,000 undergraduate stu-
dents, which corresponds to an annual freshman
intake of 600 students. (Tornito's present limit
on freshman enrolment is somewhat higher than
this 669 early fall registrations in 1970 (Fig.
B-9) . The recommendation for graduate enrol-
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meet is 480 students, ts.hii h includes Ili5 doctoral
candidates; such levels should enable the faculty
to ma in to in excel knee.

In summary, it is recommended that:

(11:1) the University of Toronto continue to offer a
full spectrum of engineering program , but that, start-
ing in 1971, it limit freshman intake to 600 students
a year, and reduce graduate enrolment to 480 stu-
dents, including no more than 165 doctoral candidates
by the 1973-74 academic year.

QUEEN'S UNIVERSITY
This Faculty of Applied Science is the third-

oldest engineering school in the province.
Undergraduate enrolment has been growing
steadily and in 1969-70 there were 1,360 stu-
dents (Fig. 11-8) . Queen's has been limiting its
freshman intake over the past four years to
approximately 370 students, so that total enrol-
ments should level off at about I,40C early in
the 1970s.

Founded in 1841, Queen's is an old and well-
established institution. It has an illustrious his-
tory of scholarship and service, with the threads
of Scottish pragmatism and conservatism woven
into the very fabric of the university. These
have provided the necessary strength to over-
come difficult periods in the past, and to impart

its make-up a veputation and stability shared
by few other universities. The Queen's Alma
Mater Society, one of the strongest in Canada,
h is a membership list that reads like a "Who's

of the builders of our nation.

These threads of conservatism are apparent
in the development pattern el'. the Faculty of
Applied Science, particularly at the graduate
level. Over the past five years, undergraduate
enrolment has run parallel to that of the prov-
ince, but the number of graduate students has
risen more slowly. Today, its graduate school
enrolment is 12.3% o. its undergraduate total,
compared to 22.2% for the province as a whole.

While we believe the growth in engine -..ing
graduate studies should be curbed and have
recommended that other schools reduce graduate
enrolments, we believe graduate student num-
bers at Queen's should increase slightly in order
to achieve its planned target of 180 by .973-74,
with nu more than 55 doctoral candidates.
Queen's should continue to offer the full spec-
trum of undergraduate programs, and at the
s'me time its graduate school should strive to
develop greater strength and stature.

The recent formation of the Canadian Insti-
tute of Guided Ground Transport is an imagi-



native concept, and an excellent example of
cooperation heti% een university, industry and
government. The location of this university,
away from the major urban centres, requires
such special efforts to extend its outreach into
Canadian industrial and academic life.

First- and second-year students complained
that fundamental courses were taught not by
engh eery, but principally by members of science
and mathematics departments, and further that
such classes were too large. We suggest that
greater attention be focused on these earlier
years. The freshman intake is now limited to
370-100 students. This pattern should continue
for the next five years in order to permit other
whools in the system to develop, and to provide
time for Queen's to answer these criticisms.
Between 1975 and 1980, the freshman intake
should be allowed to increase to 500, a figure
consistent with the role of Queen's as one of the
province's four major schools offering a broad
range of engineering disciplines.

Its mining engineerin; program is the only
full course in this field being offered in Ontario.
The present shortage of such engineers suggests
that this department should be given special
attention. There is need for a new mining build-
ing, and we would urge .;rat in the development
of this important activity, there oe additional
()operation with the Ontario mining commu-

nity. In particular, we recommend that:

(11:2) a three-way cooperative program between the
university, Cambrian College in Sudbury. and the
mining industry in that area be thoroughly explored.
Such a program could combine work experience
with specialized classes in mining technology
and thus provide aspiring mining engineers with
a combined educational experience in a region
of the province where they may be employed.
(See page 80) .

limitary, we recommend that:

(1A:3) Queen's University continue to offer a full
spectrum of engineering programs while maintaining
an annual frohman intake no greater than 400 stu-
dents until after 1975, and then increasing this figure
to 500 students a year. Furi'aer, we recommend that
engineering graduate enrolments increase slightly lo
180 students by 1973.74, which would inclule no
more than 55 doctoral candidates.

UNIVERSITY OF WATERLOO

In July 1957, the Faculty of Engineering
introduced Canada's first cooperative program.
It has become the largest undergraduate engi-
neering school in the nation, with an enrolment

11 Universities In The System

of 2,349 students. 'Today, it ranks among the five
largest cooperative engineering schools in North
America, and this rapid growth attests to its
popularity.

Undergraduates spend alternate terms in the
university and in industry, and over a five-year
period devote eight terms to study and six terms
to industrial employment. Such a program,
unique in Ontario, has proved to be a refreshing
departure from the conventional pattern that
prevails among the other schools in the province.
Both industry and the academic community have
enthusiastically endorsed the precepts underly-
ing the cooperative system of engineering. edu-
cation. This requires extensive contacts with
industry and other employers of engineers, and
is carried out by the Department of Co-ordina-
tion and Placement, which has developed a net-
work of employers within Ontario and through-
out Canada. New cooperative programs are being
introduced in other provinces, which may cut
into the employment market for Ontario uni-
versity students. In times such as at present, with
some scarcity of employment opportunities, the
market for cooperative students will become
saturated. For these reasons, we recommend that:

(11:4) Waterloo continue to be the only engineering
school 0ering a cooperative program in Ontario
throughout the 1970s, and that its engineering be
limited to this type of program.

Since 1960, Waterloo Las experienced the
highest growth rate in the ,,istem, with an in-
crease of more than 200 students a year (Fig.
B-10) . At the present time, freshman intake is
being limite4 to an average of 672 students
(Table B-2) , so that future growth will be

restricted. We have suggested that an engineer-
ing school can become too large, and that enrol-
ments of more than 2,000 students should be
discouraged. This view was shared by a Com-
mittee of The Engineering Faculty Council at
Waterloo, who r..porte:1 in 1963:

There wou1:1 br little irther advantage in
terms of stale and ellicLucy III any enrolment
'larger than 2,000. The 'nly possible advan-
tage would be the abuity to "cover" more
specialized discipl;v:_s with the corresponding
growth in faculty numbers. But this would
only be achieved at the expense of increasing
anonymity amongst students and members of
the faculty.

It goes on to say that efforts should be directed
towards improving quality among the under-
graduates, and that, "while other engineering
schools i-. Ontario operate with enrolments well
below capacity, such action at Waterloo would
cause no distress or suggestion of disservice to
the public that supports the university."

I
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Waterloo has been offer:ng four undergradu-
ate engineering programs chemical, civil, elec-
trical and mechanical and now offers a new
program in systems design. It is interesting to
note that its objectives have been met by pro-
viding only the four basic branches of engineer-
ing ly'ithout in ibiting growth.

The expansi,,n has been equally spectacular at
the graduate level. Starting with eight students
in 1060-61, enrolment has risen steadily to 456
F.T.E. students in 1969-70, It is understood that
the school intends to restrain further growth, so
as to consolidate this effort at a level comparable
to what was recommended in Chapter 10.

For these reasons, we recommend that:

(11:5) Waterloo continue to offer a full spectrum of
undergraduate engineering programs, but restrict its
freshman intake to 650 students. Also we recommend
that by 1973-74 total graduate enrolments be reduced
to 385 students with no more than 125' in doctoral
programs.

Engineering at Waterloo is entering a period
of r:lative stability when increasing attention
should be focused on excellevce in teaching and
research. As a young school, it has little in the
nattre of institutional traditions that might fet-
ter its ability to experiment and to innovate in
teaching methods and research directed toward
solutions to regional and national problems.

Chapter :1 (page 10) we advocated that one
engineering school in Ontario become a tech-
nical university, with its own Senate and Board
of Governors. At Waterloo, the Faculty of Engi-
neering has an opportunity to undertake such an
experiment. In its formative years, as a young,
large and viable faculty, it experienced little dif-
ficulty in developing and sustaining policies con-
sistent with its goals and objectives. Now it has
arrived at a consolidation phase, and the contin-
uing growth of the university around it will tend
to have a stultifying influence at a time when
administrative flexibility may be crucial to its
leadership and pursuit of excellence. Moreover,
in its submission Waterloo suggested that a good
case can be made for the setting up of a separate
technical university "ia view of the particular
structure and attitudes in Canadian universities
today".

Of course, undergraduate engineering pro-
gr,,ts must depend on other faculties for serv-
ice instruction; furthermore, interdisciplinary
studies and research should be a characteristic
of any modern university. Engineering students
have emphm:zed the benefits to be gained from
associatinv with students in other disciplines.
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Consequently, there is need for c lose affiliation
between the autonomous engineering school and
the university in this proposed arrangement. This
could he accomplished by cross-appointments in
those disciplines normally associated with other
faculties, and by the purchase of service teach-
ing where cross-appointments are not practical.

We recommend that:

(11:6) the Faculty of Engineering at Waterton under-
take negotiations to enalile it to be reorganized into
a technical university, with a separate Board of
Governors and Senate, but in affiliation with the
University of Waterloo.

McM ASTER UNIVERSITY

The Faculty of Engineeling was established in
1957 on a firm base provided by the strong depart-
ments of physics and chemistry; it is an element in
the Division of Science and Engineering. Under-
graduate enrohnents have grown steadily at an
average rate of 42 students a year. and there
were 504 undergraduates in 1969-70 (Fig. B-6) .
Although located in a major urban centre, it is
straddled by the two largest engineering schools
in the country Toronto to the east, and Water-
loo to the west. Further to the east is Queen's,
and further to the west is Western, and all have
had an adverse effect on the growth of McMaster's
undergraduate enrolments. We have recom-
mend^d a curtailment in the freshman intake at
three of these schools (Queen's, Toronto and
Waterloo) , n rich should channel more freshmen
into McMaster. Since Hamilton is a rapidly
expanding industrial region, the commuting stu-
dent population should experience a substantial
growth.

McMaster offers six undergraduate programs,
with two of them (metallurgy and engineering
physics) in cooperation with departments in the
Faculty of Science. A seventh, engineering and
management, is being operated jointly witit the
School of B:isiness. Such combined programs
tend to enlarge class sizes and render them more
economically viable.

We have recommended that Queen's, Toronto
and Waterloo continue to offer a full spectrum
of undergraduate programs. These schools should
account for a rital of 5,800 students, which is only
44% of the anticipated Ontario widergraduate
enrolment for 1980. We believe a strong argu-
ment can be made for adding McMaster to this
group.

The growth in McMaster's engineering gradu-
ate enrolment has been rapid: from eight gradu-
ate students in 1960-61 to 184 in 1969-70. Today,



it is the third-largest such graduate school in the
province, 1%.itli a size representing :16.5% of un-
dergraduate enrolments considerably more
than the provincial average. The vitality. of its
activity is well demonstrated in Tables 5-1 and
5-2.

In summary, we recommend that:

(11:7) McMaster continue to offer a full spectrum of
engineering programs, while increasing its treshman
intake to 500 students a year, but that by 1973.74 the
number of its graduate students be limited to 150,
including 45 doctoral candidates.

cARLEToN UNIVERSITY
The undergraduate program at Carleton. now

in its tenth -ar, made up of three years of
study in a common-core curriculinn followed by
a single year of specialization in civil. electrical
or mechanical engineering. This arra rztluent is
unique in Canada. While rigid in structure, it
does make possible certain economies. The great
majority. of Carleton students whom we inter-
viewed expressed satisfaction with their curricu-
lum, and some viewed with concern the recent
introduction in the second and ti :rd year of an
engineering or science elective which could repre-
sent a deviation front the pattern. The present
program is sound, successful and distinctive, and
a Ithou,i,Elt course content and seqttence do require
a continual evolution. ;,ty dismantling of its basic
structure would be a oss to the Ontario system.

The popularity of Carleton's present engineer-
ing program is reflected in the pattern of its enrol-
ment (Fig. 11-2) . Although the City of Ottawa
shares two engineering schools Carleton and
Ottawa the two schools (how from constitu-
encies that overlap only slightly. The students at
Carleton are Foglish-speaking, ulti le the students
at Ottawa are predominantly bilingual. For this
reason. the alternative to Carleton tends to Le
Queen's, not the ITniversity of Ottawa. Queen's
has maintained its freshman enrolment at a fixed
level since 19t15, and we have recommended that
it continue this pattern. Carleton's freshman
intake is rising slowly. and should continue to
rise throughout the 1970s. Ultimately, an increase
in undergraduate enrolments at Carleton will be
limited by population growth in the Ottawa re-
gion. It is difficult to predict what this will be, but
we have recommended that Carleton limit its
freshman intake to 400 students a year (Table
10-4) , a figure that could be reached in the pres-
ent decade. Graduate enrolments at Carleton
have grown more slowly but have already reached
the level recommended for 1973-74 in Chapter 10,
(Table 10-4) .

11 Universities In The .tiptem

It is unnecessary for each Ontario school to
offer a full range of engineering programs as long
as there is a sufficient variety of programs n.ithin
the system. This has been ensured by our reccnn-
mendation that Toronto, Queen's, Waterloo and
NI laster continue to cover the full spectrum,
maintaining faculty and departments in a broad
range of disciplines. This will leave each of the
remaining schools in a position where they can
spec ialim and concentrate resources in one or two
major areas selc( ted o, the basis of regional
and national needs that are not being adequately
set.' NI at the present time. In this way, resources
is it l not be spread over such a wide range of
activities that effort would be unduly diluted.

In Chapter 5 (page 24) we suggested that
research in the field of information systems engi-
neering will be of paramount importance in fu-
ture, and that such a role should be assigned
jointly to Caleton and Ottawa th.iversities. The
proximity of government laboratories and indus-
trial facilities serves as an added incentive to
generate meaningful interaction between Clem:
institutions and the universities. Initially, v. ork
in this field should be conce,itrated at the gradu-
ate level. with a joint docilra1 program shared by
the two universities, before becoming infused
into undergraduate studies. At Carleton this
could occur rap;dly and efficiently because of the
three-year count. on-core curriculum. Coopera-
tion with outer agencies would be a matter
for n.gotiation Ivhere the two universities act
togefier.

:military, we reminmend that:

(11:8) Carleton. retain its present undergraduate pro-
gram structure, limit its freshman intake when it
reas:hes a figure of 400 students a year and maintain
graduate enrolment at 115 stue _its, including 60
doctoral candidates to be shared equaily with Ottawa.
Further, we recommend that graduate student itid
faculty research b: directed towards the field of infor-
mation systems engineering, and that Carleton explore
jointly with Ottawa ways to collaborate with local
governmental and industrial laboratories, for example,
lz of a talk-back television network (Chapter

UNIVERSITY OF OTTAWA

,_ngineering at the University of Ottawa can be
traced back to 1873, but the modern phase in this
development began in 1946 With the offering of
the first two years of a degree program. This was
extended to the full four years, and in 1956, engi-
neering degrees were awarded for the first time.
Today the engineering school forms part of the
Faculty of Science and Engineering.
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Students divide into three nearly equal groups
according to mother tongue: French, English nr
another language. The cosmopolitan In ix tto e of
both students and staff is a distinctive feature of
the university. ITndergraduates arc required to be
proficient in both French and English.

Four undergraduate programs are being
offered in chemical, ( ivil, electrical and mech-
anical engineering. Enrolments arc shown in
Table B-I and Figure B-7. In Chapter 10, we sug-
gested that a school is neither economically nor
academically viable until there are at least 200
soulents in a program. In 1969-70, Ottawa's total
undergraduate enrolment was 369 as compared
to a minimum viable number of 800 students.
Even if university projections are correct, this
minimum size could not be attained until 127)-
76; but a decrease in the 1970-71 freshinan
intake Ore the previous year does not augur
well for these projections.

It would appear that a case can be made for
either reducing the number of programs offered,
eli-uinating engineering altogether, or creating
a common-core curriculum similar to the pattern
developed at Carleton. The last choice is the
most attractive because it presents a prospect for
increased cooperation between these two schools,
especially if they share a television network. The
two schools have already begun to work together
in civil engineering at the undergraduate level,
and graduate .,tudents in each school receive
credit for classes taken at the other. Howes cc, it
was stated that a major impediment to further
cooperation is the difference in the structure o
undergraduate programs.

Ottawa graduate enrolments have shore than
doubled in the past two years, and have grown
to a size disproportionate to that of the under-
graduate school, but the arguments used in
Chapter 10 led us to recommend a major reduc-
tion from 156 students in 1969-70 to 90 students
by 1973-74. A joint Ph.D. program with Carle-
ten in the field of information systems engineer-
ing was recommended, and we envisage this
as the field of specialization in the Gttawa
undergraduate .program as recomm,:nded
Carleton.

In summary, we recommend that:

(11:9) Ottawa create a common-core undergradu-
ate curriculum in a pattern similar to that at
Carleton; graduate enrolments be.redoced. to 90 stu-
dents by 1973-74, including 60 doctorai candidates
to be shared equally with Carleton, and graduate
student and faculty research be directed towards the
field of information systems engineering in a joint
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program with Carleton. Further, we recommend
that Ottawa explore arrangements with Carleton
for the installation of a talk -back television network
that mid include government and industrial labo-
ratories in the area, and would serve both under-
graduate and graduate programs.

We recognize the difficulties inherent in these
recommendations but are attempting to estab-
lish the equivalent of a single, strong engineer-
ing school in the City of Ottawa in effect, one
unlit with two branches representing the 1);v:ic
linguistic and cifitural di.!*( rences between the
two institutions.

UNIVERATY OF WESTERN ONTARIO

Western establi: lied a Department of Engi-
neering cience in 1954, and its first degrees
were award.d fol years later. Undergraduate
enrolments reached a figure of 442 students in
1969-70 (r. B-I I) . Nlany of its students are
drawn from soutin.'eswin Ontario, tvhich has a
relatively s able population. However, quotas
on intake .ecommended for the larger schools
should increase the student flow from other
parts of the proving

It has a common-Lore engineering curl it Winn
in the first two years, 1% ith three optional streams
in addition to tae core studies in tk. second
year, leading into five different progratris for the
two final yea's. At the present level of enrol-
ment, there appears to he little justification for
so many programs. Engineering experievc a

drop in freshman intake for 1970-71 anti this
suggests that an estima.e of 640 undergraduate
engineering students by 1974-75 may be optimis-
tic. Even at this level, only three programs would
be viable according to the arguments (level( ped
in Chapter 10.

Gradual. studies were begun in 1962, and by
1969-70 there were 79 F.T.E. students. We have
recommended that this enrolment should not
exceed 90 by 1973-74 (Table 10-4) . Western has
gained distinction with its work in industrial
aerodynamics, electrostatics and bioengineer-
ing, sshilt its course-work M.Eng. program in
environmental engineering is generating wide-
spread interest.

Following the same pattern as proposed for
Carleton and Ottawa, Western has a specific area
for specialization. Envirmmental engineering is
becoming a subject of increasing interest, and
Western is in a position to concentrate in such a
field. This is an exciting prospect, because of its
social relevance and because of the strong desire
of capable young people to play a prominent



role in the solution of problems relating to
our ecology. At Western, graduate student and
lac"' Ity research (-mild he adapted without difficul-
ty and there is a strong case for the introduction of
an undergraduate program in environmental
engineering. This could be accomplished by
developing existing options into one major pro-
gram tvith a commoicore structure. The present
doctoral program should be abandoned, and no
new programs developed before the end of this
decade, and then only after a demand for doctor-
ates in this fiel has been clearly ktemonstrated.

For the above reasons, the recommend that:

(11:10) Wester;- concentrate its graduate student and
faculty research in the field of environmental engi
neering, and that a !iew common-core undergraduate
program he introduced in this field in place of the
existing options. Further, we recommend that gradu-
ate enrolments at the master's level should not exceed
90 students by 14)73-74, and that no further students
be admitted to existing doctors,! programs.

Western's Engineering Science Devil-ment
was esta:dished at a time ivlim there was a major
shift in engineering edncation towards greater
science content. In Canada, this is no longer a
wajor issue, as universities at! Anpt to focns on
-ngineering as a distinctive profession involving
a bcdy of knowledge in which science is but one
of many critical components. For this reason, we
woui:l suggest that the faculty consider deleting
the wor:l "science" and becoming the Faculty of
Engineering.

ITNIVE. SITY OF WINDSOR
Located in the southwestern corner of the

province. Windsor draws the bulk of its students
from a region where the population has re-
;mined relatively stable. Since 1967, there has
been a slight annuml decline in freshman intake
(Fig. B-12) and total undergraduate enrolment
!.as havered around 400 students. Growth can be
expected here for the same reasons as suggested
with respect to Western, and so will depend on
new student flow patterns in the province as a
whole.

Windsor now offers seven undergraduate engi-
neering programs, each with a separate cuiricu-
him after the firs! year. In Chapter 10 we
developed riteria that suggest that 1,400 stu-
dents is the minimum viable size for this
number of programs. It is unlikely that such
enrolment can be achieved during the present
decade, and therefore the arguments developed
for Western apply equally to Windsor: the
present number of undergraduate programs
should be curtailed.

// Univet.sities In The Sysit 4n

In Chapter :1 (page 10) we suggested the need
for a liberal education program 'milt around a
strong core of engineering. In order to preserve
the engineering ethos of such a program, the basic
design disciplines must be stressed. This could
be accomplished 1.,y structuring options in the
major disciplines during the latter years, but
their nninber should be consistent ivith viable
class sizes determined by total nildc,graduate
enrolments. Liberal engineering Is° men-
ing in the area of graduate st uses, an. t twill
accelerate the development of interdiscip..nary
work. Graduate enrolments %reit. cove:vd in
Table 10-1.

In siminiary,ive recommend that:

(11:11) Windsor .stablish a new undergraduate pro-
gram developed around a liberal engineering core,
and with an emphasis on design; and that such n
program replace those now in existen.v. The num-
ber of design options should be consistent with viable
class sizes. Further, we recommend that graduate
studies be concentrated on liberal engineering and
that enrolments be reduced to 80 by 1973-74, with
no further work at the Ph.D. level during the present
decade.

UNIVERSITY OF GUELF H
nstablished in 1964, the University of Guelph

includes the Federated Colleges of the Ontario
Department of Agriculture, one of which was
the former Ontario Agricultural College. It had
formed a Department of Agricultural Engineer-
ing in 1946, ivhih provided are engineering
option. Snbsequen ly, arrangements were made
with the University of Toronto whereby such
students conk: register for the filial year of me-
chanical engineering or ivil engineering. In
1964-65. the Senate of the University of Guelph
approved an academic program leading to the
B.Sc. (Eng.) degree, in which students concen-
trate in the final year on one of three engineer-
ing majors: mechanical and power, structural, or
water resources.

Further changes were effected in 1969 when
a new program was introduced based upon a
core concept for engineering with two elective,
components one in the humanities and social
sciences and the other in the life and earth
sciences. Each elective represents 13% of the total
curriculum, and they :ire interwoven intoall
years of the program. Such a feature, while nor-
mal for humanities and social science subjects, is
a departure frum the usual arrangement of struc-
turing each option into one of the standard engi-
neering disciplines during the latter years of a
program. A common engineering component
(74% with its core of mathematics, physical
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sciences, engineering sciences and design) is com-
bined with ;1 wide range of options to permit
each student to establish a plograin gea«1 to his
own interests, under the guidance of a facility,
member. The majority of ( lasses in sitc.11 options
%yin be tanglit by departments outside the School
of Agricultural Engineering,

Stich an arrangement should appeal to stu-
dents who have a strong desire for greater free-
dom to create their own prog,Tani. The basic
engin, (Ting core concept is sound for a school
the size of t :1,elpli. It l'as reduced liv 3°-:. the
total number ()I classes offered in engine,!rior....
and thereby increased the average class s is

the school. Ohio. optional :lasses may be
augmented by non-engineering students This
program should be c and academic-
all viable provicied total enrolment excee,i, 9V0
students (as suggested in Chapter 10) .

NVe have a reservation about the electiv,
nature of the humanities and social wences
component. In Charter 7 (page 35 ) we stig
gest, , that curricula in the "applied humani-
ties.' should be stun, titled and '..orni part of an

"ruing core. in view of the ' :erect relevance
of suct, subjects to the fottuda ions of the roo-
lession. This could still ',I1()v for some el .ctive
classes, but they should be ipplementaN o
required group of classes in the applied litho:mi-
nes. Such an argument can be applied to several
5( pools in the system. lint it is particularly appro-
priate for Guelph because of the natio e of its
new curric tiltini.

The enrolment pattern Of Guelph is shown in
Figure 11-3. and its recommended graduate enrol-
ments are given in Table 10-1.

In summary. we recommend that:

(11:12) Guelph pursue its new engineering core pro-
gram, with options in the life and earth sciences,
but with the applied humanities added to the core.
Further, we recommend that graduate enrolments not
exceed 30 students by 1973-74, and no further work
at the Ph.D. level be undertaken during the present
decade.

THE NORTH

In addition to the nine universities already
discussed in this chapter, there are two in the
north Laurentian and Lakehead offering
the first two years of a degree program in engi-
neering. Their students must transfer to one of
the nine schools in order to complete the
requirements for a degree.

The region of Ontario north of Lake Nipis-
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sing has a sparse population but an abundance
of natural resonces, The pulp and paper Indus-
try is concentrated in the area of Thunder Bay.
which is the site of Lakehead Min-
ing takes place throughout the region butt its
centre is Stullinry. the heart of the nickel and
copper belt and the loc anon of Lanrentian
University,

Therefor:, it is not surprising that the major-
ity of engineers are employed in management
and operations. Local chapters (vlitincler Bay
and Sucloury) of the .1 1)1..) e provided
statistics on their constittiencymd the following
distrilintiot is given for the 1,200 engineers in
the regior.:

Civil 33%

---- 22; .2"r1 crif)r:

Yining

Chemical
()tiler

A survey condo led 1)% these APE() chapters
reveals that approximately 900 new enginverc
will be reqiiired chitin the next ten years,
asstnning then will be major development of
:,titral rest mrces. It suggests that the distribu-
tion of the disciplines will continue to be the
s;clue as at the present time. If t' is reqiiirein,t
i; spread uniformly over the decade, deem iLc
Approximate requirements for engineers will be
as follows:

Metallurgy
Cheinit al
Other

30 a year
22 a year
Ilayear
10 a year
1 7 a year

It has proved diflicidt to attract engineers Imo
the north. In the Stullmr) region, nearly 70e.;
are from outside Canada. and there is a high turn-
over. In the pulp -ane-paper-oriented Thimthr
Ray dist] than 75% of the engineers
have family roris there, and fewer than 10%
come from abroad. There appears to be a on-
tinuing shortage of engineers in both areas, and
this was the basis of the argument in favour
of establishing engineering schools at Lanrentian
and Lakehead universities.

At Laurentian, 86% of the engineering stu-
dents are from the region, while at Lakehead
60% come from the immediate district, 20%
from the rest of the northern area and 20% from
elsewhere. Thus, it can be seen that both engi-
neering schools are essentially local in nature.

Students who elect to leave home to attend
nniversity are more likely to be attracted to the
larger urban centres in the province. This has



been established by the study group in tracing
the origins of students in sod) intiversities as
Toronto and McMaster, and confirmed by the
Ontario Institute for Studies in F.thication in its
stitches of student flows. ()11 this basis, it is mean-
ingful to examine grade I student flows from
the high schools within commuting range of
these two 11011Ilerll universities, because it is 11.0111
these SI 'tools that they would draw more than
half 14 their engineering students.

Table 1 t-1

(:ttniu: 13 ENROL:111'N is IN I !ICH SCHOOLS NVITHIN
RADII1S OF I .A1MENTIAN ANL) LAKFIlEAD

UNIVERSITIF.S

Laurentian
1.akehead

1970 !yap Engineering
e,t) t csii. Freshmen a

I gaS nu m, t Mal di 1970 1960

79.1 965 2.000 68 140
698 85(1 1,800 60 126

3 Assuming 7'; of grade 11 enrolments enter engineering, a I 1 re that
1% high for the 1970. (ntario average opteted to he WI 1.

Iii Table I I-I it is assumed that the cominnt
ing radius for ea' li university is 35 miles, and
also that a slightly higher percentage of high
01,4)1 students than the Ontario 'wen r.e will
en. ;. engineering. Many of these Feslunen, not
wishing, to commut.e, will elect to go elsewhere
'o university. We have assumed that 50% leavt
tut area. and the remainder will comprise
half the total windier of freshmen in the north.
The validity of this assnmption rests on the
anticipated continuing desire for students to
leave home to study in the larger urban centres.
and on the present enrolment patterns at these
two ur versifies. Thus, the number of engineer-
ing freshmen show'. in Table 1 I.1 is a rough
approximation of the first-year enrolment in
each school for the years 1970 and 1980. In
actual fact, early first-year registration in Sep-
tember of 1970 was 40 at Lanrentian and 48 at
Lakehead. so that estimates for 1970 were high
by 70% and 25% respectively.

These ...gineering schools have been in exist-
ence for more than a decade, and yet the numbers
of freshmen in degree programs have remained
in the 15-62 band for Lakehead (Fig. 13-4) and
0-44 for Laurentian (Fig. B-5). Unquestionably,
the necessity to transfer after two years to
another university has been a deterrent to first-
year enroltnents. Such two-year "semi-programs"
satisfy neither students nor staff, and can
only be justified as an interim measure during
the emergence of a new faculty. Now it is time
for programs at both schools to be either
extended or terminated. If they were extended

yr
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to four years, Table I I-1 suggests that neither
school could reach a viable si/e midi the late
1970s for even one program in a single discipline
(freshman intake of 90.100 students) , 111 the
meantime, students and staff would continue to
suffer from insufficient enrolment as other
engineering schools attract the top stiidents
from the region. The temptation would be
strong to adopt lower standards of entrance, and
it is 11;11*(1 to ;11'0111 the (1110116111 that it 1V0111(1

Ile advisable these programs,

LAURENTIAN UNIVERSITY
There is a continuing shortage of mining engi.

flyers in the Sudbury district, and industry has
been forced to search for them in other prov-
inces and outside 'mach. Queen's l'i,iversity
offers the only miniog engineering program in
Ontario, in which it has been awarding fewer
than 10 bachelor's degrees a year. Since the can-
ent demand for the north alone is approxi-

mately 22 a year, there is now more student
interest in this held, and the new milling ',mild
ing at Queen's w:11 enhance tue development of
011. If Ontario's primary industries. In 1970,
paduates with bachelor degrees in mining were
being' offered did high:st starting sah.ries of all
brandies of enguieel nig in Ontario: S692 a
month. compared to the over-all average for engi-
neering of S656 a month

Next to mining, there is a growl demand in
tl e Siullmry region for meta. iirgical engiueeis.
Over the past decade the number of ew bacca-
laureates in this field from the antatio schools
has averaged 25 a year and the need in the north
is expected to be abort 11 in (ell year of the
present decade. Such engineers are used in many
other industries, and it is possible that we w'''
experience a continuing shortage until the pro-
gram at McMaster expands. Most metallurgical
and materials engineers in Ontario now come
from Queen's or Toronto. Programs required
for the north in other fields (principally civil
and chemical engineering) ;ire in abundance.

The existing Ontario schools should be able
to provide engi ,!ers of tit,: ;.equired disciplines
to satisfy the special needs of the Sudbury
region. Furthermore, even if Laurentian could
fully satisfy the regional demand for engineers,
local industries have indicated that they do not
wish to restrict recruiting to a single university,
and so will continue to draw upon traditional
sources of supply for new engineering graduates.

Laurentian has only four faculty members in
'Department of Manpower and Immigration, Requirements and Average
Starting Salaries, University Graduates, 1970
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engineering, and limited facilities. The univer-
sity maintains that there is insufficient space to
accommodate the proposed expansion to a four-
year program, and therefore it would be forced
to adopt some form of a trimester cooperative
program with industry. To date, such plans
has e not been developed.

For all these reasons, it is te«munended
that:

(11:13) the existing engineering programs at Lauren-
tian University be terminated, and ro freshmen be
:admitted for 1971-72.

All students presently enrolled should he given
the opportunity to complete their course of
study, which means work in engineering should
not cease until June 1972. This should provide
sufficient time for the university to omanize the
most effective way in which to re-deploy valuable
resources, and to work out plans with members
of staff for alternative careers. In the event that
the university decides to discontinue engineer-
ing in 1971, provision must he made to subsidize
the education of those stu lents affected in order
that they may complete their second year at
another instituLion.

hi our discussions with local industries, it was
apparent that they :re anxious to assist thc uni-
ve.iity. Imernational Nickel provi'led most gen-
erous fi mcial support towards the construction
of Imiluings at tam, ntian, and indicated an
interest in c-ntintling assistance in those areas of
direct relevance to t'le comparr, . We would sug-
gest that any act] support should be directed
towards the development of geology and other
relatectearth sciences, including geophysics.

Cambrian .ollege, the College of A-plied
Arts and Te neology in Sudbury, offers three-
year dip' .ala courses in chemical, civil, elec-
trical, geological, metallurgical and mining tech-
nology. These were designed to satisfy the needs
of local industry, but have assumed increasing
importance because of the present shortage of
mining and metallurgical engineers which has
resulted in technologists being hired to under-
take tasks normally performed by graduate engi-
neers. We believe there is much to be gained in
three-way cooperation between Cambrian Col-
lege, the Department of Mining Engineering at
Queen's University, and the mining industry in
the Sudbury district. Mining technology classes
could be developed at Cambrian which would
enable Queen's students to gain practical expe-
rience in the local industry. In this way, students
would be exposed to the industry early in their
careers, and industry would be given an oppor-
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tunity to attract these students prior to gradu-
atiim. The details of any such cooperative plan
would require considerah'e negotiation. and we
would hope that local industry might take the
initiative in selling up such an arrangement.

-LAKEIIF.AD UNIVERSITY

There will be a continuing demand for engi-
neers in the pulp and paper industry of the
Thunder Bay district and a requiremeht to meet
the needs of a small but growing number of
manufacturing plants. The city of Thunder Bay
is situated at the edge of the boreal forest region
of Canada within the mid-Canada corridor. It is
likely to be a major growth centre in any pro.
grain to develop Canada's north. Figure 10.1
shows that Thunder Bay is isolated from the
more heavily populated areas of the province.
Its inhabitants still retain a frontier outlook --
a "spirit of the north" which is infectious, and
many who come intending to stay for but a short
time arc t.,ught up in its atmosphere and settle
there permanently.

There is a pressing need for more people and
especially for engineers. It is unlikely that noi th-
ern development will be a major focus for the
expenditure of public money in the near future
because ..f the higher priority being accord.d to
urban problems. Nevertheless, vovernmental
projects relating to the region should increase in
itensity towards the tat, r half Jr the 1970s,

when the demand for engineers could become
even more acute than it is at the present time.

Tii.:re are valid reasons for developing a pro-
gair at I 'kehead University which ill attract
potential engineers into the region at th_ :mge in
their lives when they are about to make career
decisions and other long-term commitments. The
wesent two-year program fails in this respect
because it sends them away two years before
graduation. On the other hand, a regalia, four-
year program would not be viable until late in
the 1970s or early in the 1980s. Lakehead also
offers three-year programs leading to diplomas
in technology and the first year of architectural
technology. It is the only such school in the
province where degree and diploma studeni.:, ire
taught in the same institution. The viability of
any four-year degree program, which depends
principally on the number of bachelor gradua-
tions in each discipline, would not be altered
appreciably by the presence of such programs in
technology.

The recent expansion of the CAATs has
meant a growing number of diploma technology
graduates in Ontario. It has been estimated that



about 15% of these graduates have both the
desire and the ability to pursue further studies
towards a bachelor's degree in engineering. Some
of them are being admitted to established degree
programs, usually at the second-year level. A
significant number have proceeded into the third
year of engineering degree programs in the
United States, and many remain there perma-
nently. following graduation.

The Ontario engineering schools have not
structured any programs specifically for these
diploma technology graduates. Usually such stu-
dents arc behind in basic mathematics and
science, but ahead in technology-related subjects.
The study group is convinced that with a

reorganization in the presentation of subject
material, a diploma technology graduate could
achieve the necessary academic qualifications for
a bachelor's degree in engineering after a fin ther
two years of ft. kinie study. By this route, efiti-
cation to the baccalaureate degree in engineer-
ing normally would take five years from grade
12, the same number of years as for graduates of
university programs. Such programs would differ
from the present third ar.d fourth year in that
they must stress basic mathematics and .sci-
ence. A student with a technology background
approaches these subjects in a different light,
because usually he has a keener appreciation of
the application of this isic material to the real
world.

Ryerson Polytechniral Institute has an-
tic anced its intention to provide a degree pro-
gram for diploma technology graduates. While
detail- have not been revealed at the time of
writinm, we believe such a program would appeal
to technologistF employed in the heavily indus-
trialized section of the province who look for the
opportunity to work on a nart-time basis towards
an accredited degree.

It has been stated by . apse in charge of tht
CAATs that they ha.- e no intention ,f estab-
lishing degree program:, that their programs are
terminal in nature and should not be considered
as a preparation for university work. Therefore,
such programs -ts hose proposed for Lakehead
and planned by Ryerson should develop without
cempetit,on. Many diploma technology students
will not elect to return to school immediately
after graduation, and for this reason, it is diffi-
cult to estimate potential enrolments. The third
year of technology enrolments in the CAATs
has grown from 570 in 1967-68 to 774 in 1969-
70,2 and this pattern should continue throughout
'MILS. Table: (unpublished material) completed and revised by H.
Braithwaite o. the Ontario Institute for Studies in Education in August
1970.
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the 1970s. At Ryerson the third year of tech-
nology also has developed rapidly, increasing
from 464 in 1967-68 to 7:;9 in 1969.70, but this
growth is levelling off. Enrolments at Lakehead
for tins re program have been estimated con-
servatively at 300 students by the late 1970s,
provided it is established and under way within
the next two years. It would make possible the
offering of bachelor's degrees in three discip-
lines: chemical (pulp and paper) , civil, and
mechanical or electrical engineering. The uni-
versity has ample facilities for such a program.

A separate study' is being conducted on rela-
tionships between Lakehead Iiniversity and Con-
federation College, the CART in Thunder Bay.
While its recommendations are not known at
this time, we believe there i- merit in combin-
ing diploma and degree students in at least one
instLution in Ontario. This could improve the
longterm relationships between technologists
and engineers, particularly when there is an
increasing need for an understanwing of their
relative roles and functions in a technological
society.

In summary, we recommend that

(11:14) the pees -at enghseerieL proving at Lake-
head University be terminated by admiiti-g h., train-
men after 19-0.71. Bev,r,inaing in 1971 or 1972,
Lakebead should etAblish a two-year full-time engi-
neering degree otram specifics:11v designed to
accommodh a diploma technology gruel sates. The
disciplines baered should be related .o the needs of
the district. In addition it should continue to offer
exisdag diploma courses techeste3gy.

YORK, TRENT AND BROCK
UN'VERSITIES

We have recommended that engineering be
mitinued at ten of the provincially-assisted uni-
va!sities and have attempted to show that they
can adequa.ely cover the anticipated needs of
Ontario over the present decade By 1980, it is
hoped that each of these schools v ill be econom-
ically and academically viable. 111oreover, since
they are spread geographically across the prov-
ince, all major regions will be served by them.
We have recommended changes in the engineer-
ing curricula of some of these schools in order
that proper coverage may be provided for those
major technological areas which we foresee as
being of importance to the future of the prov-
ince. Therefore w- recommend that:

(11:15) so farther engineering schools be established
prior to 1950.

'Commission on PostSecondary Education in Ontario.
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York University, located in Toronto, has a
Faculty of Science which is developing several
imaginative new 'oncepts. Among them is a

liberal wience program with sonic of the charac-
teristics of the liberal engineering program
recommended for Windsor. Another is the Divi-
sion of Natural Science tvhich has programs in
science structured for non-science students. At
the present time. York is reviewing the area of
applied science which is seen as filling a gap
between the traditional engineering schools and
the fa( tildes of pure science.

In industrial research and development, no
deal distinction is made between the applied
scientist and the engineer, and often they :,er-
form identical roles. However. their education
is fundamentally different. Design is the central
theme or ethos of an engineering education, with
the basic component being decision-making.
Although science is an essential ingredient, it is
rot ar end in itself. Engineering curricula arc
relatively more structured to satisfy the basic
requirements of the profession. the applied
scientist require, a relatively unstructured cur-
rici.lum so that he may pursue his scientific
interests without severe co;-straints. This is the
basic different:: the Lngineer;ng school seeks to
serve both the individual and the profelsion,
while a school oc applied science is designed to
serve the indivie-al.

York can achr.fic a high reputation in applier
wience since it has the necessary staff and facil-
ities. However, there is no justification for
ascots engineering school in Ontario, and
therefore we recommend most strongly that;

(11:16) York devote its ambitions, energies and
resources not to engineering but to applied science.

Trent University, located in the City of Peter-
borough in central Ontario, was established in
1963. It has been stated that the University has
no intention of entering the field of engineering
and we would endorse this stand in recommend-
ing that:

(11:17) no school of engineering be established at
Trent during the present decade.

Brock University, located in the city of St.
Catharines in the Niagara peninsula, was estab-
lished in 1964. Although it has indicated a
possible desire to embark upon work in engi-
neering, it has no plans to do so at the present
time. As with York and Trent, we would recom-
mend that:

(11:1$) no studies in engineering be undertaken at
Brock during the present decade.
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In Ottawa, we recommended that a closed -cir-
cuit television talk-back system be installed be-
tween Carleton and Ottawa universities, which
should involve local governmental and industrial
laboratories. We would be remiss if we did not
urge a similar arrangement in Metropolitan
Toronto. between York and Toronto nniversities
together with major industries in the surround-
ing area including the Sheridan Park Research
Centre. The extension of such a system r%estward
to include McMaster University would be a logi-
cal next step l'Itimately, the network could he
linked with the television system now being
developed for engineering education in the State
of New York, where there is an indication of
interest in Canadian participation.

ROYAL MILITARY COLLEGE
OF CANADA

There is one other engineering school in the
province which has been considered. though it
is national in scope, with its total financial sup-
port provided by the federal government. The
Royal Military College of Canada (RMC) was
founded at Kingston in 1876, and Royal Roads
near Victoria, British Columbia, was established
in 1942 as a training school for naval officers.
Following World War 11, both colleges were
constituted as the Canadian Services Colleges to
provide a joint educational and training pro-
gram for the Canadian Armed Forces. A third
college, College .4ditaire Royal, was opened at
Saint-Jean, Quebec, in 1952 in order to punide
F I- the bilftigualism required in the armed
lorces. The Canadian Services Colleges became
known as the Canadian Military College., on
promulgation of the Canadian Forces Reor, in-
szation Act in 1968.

T' program for both RMC and Royal Rods
is of Ai: years' duration, with the first two years
being provided at both colleges, and the third
and fourth years at RMC only. For officer cadets
entering College Militaire Royal, the program is
of five years' duration, with the final two years
at RMC.

The RoopOil Military College is an affiliate
member CPUO even though it is not being
funded by the Ontario government. It wished to
be included in this study, and so completed the
questionnaire and was visited by members of
the study group. The composition of its student
body makes it a national college. Each graduate
is required to devote a minimum of four years
to military service following graduation, and
approximately 60% elect to remain beyond that
period. However, while RMC graduates do not



enter dire(tiy into the civilian labour force,
ultimately many do join Inc profession in
Ontario and we have dew ted our attention to
some curricular aspects of their pro-ram. After
careful consideration, it wis dec;-led not to
include 101C in mov. of the siatk,is since the
data were being compiled to assist i,t plinning
an litter a, five system of provin( jail, -assisted
rug inceriie4 schools.

Some distinguishing features of the RMC pro-
gram arr as follows

(I) The stor!cm, staff ratio is very low (4.71)

(2) The officer cadet experience is unique and
involves a higher workoad than is found in
the other universities;

(3) 'I-here is a commendable content of human-
ities and social sciences (25%) ;

(1) Officer cadets receive an allowance, and so
the? c is less minonlic strain;

Athletics and physical mining are compul-
sory (15%) ;

The college is not coeducational;
&New

cadets have been carefully screened
and the attrition rate is low;

Graduates must undertake four cars of
military service;

All students reside on campus.

(5)

(6)

(7)

(8)

(9)

In its visits to engineering schools in the
United States, the study group was impressed
with the programs of two schools of similar char-
acter the Thayer School of Engineering of
Dartmouth College in Hanover, New Hampshire,

11 Univers'', i"c In The System

and I-Lamy Mudd College at r.l.wmiont, Cali-
fornia. These ate liberal engiocei ing schools
which c,aphasize the applied Minim ities, while
at the same time laying great stress on &sign,
using a team approach to real industrial situ
Lions. The favourable student/staff ratio at RMC
suggests it could develop a similar program. using
design problems related to the Canadian Armed
Forces. RAW is in an excellent position to pio-
neer in the .urea of liberal engineering, because of
the disciplined nature of the t ollege, its strength
in the humanities and social sciences and the
generous funding it receives from the federal
government.

Too few students are seeking admission to the
t °liege even though it has obvious financial
advantages and a balanced athletic and academic
program. Therefore, we would hope that a new
curriculum, based on the liberal engineering con-
cept, would appeal to young men throughout
Canada, and so help in overcoming an apr,.-ent
reluctance at the present time to embark on a
military career.

Therefore, we recommend that:

(11:19) the Royal Military College develop a liberal
engineering program, based on the successful model
now in operation at Dartmouth and Harvey It 'udd.

To ,om up: we :lave recommended that among
the fo,Irte,i provincially-assisted universities in
Ontario, tea sc000ls carry on it r'; in eg.gineer-
ing. This !loather will he adeqi to col er I t th
the needs of the province and its contributior to
national requirements during Liss, decade. No
further expansion will be necessary until a' least
that period of time has elapsed
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12

RETROSPECT AND PROSPECT

It is on the eve of publication that an author
is most acutely aware of the limitations and
imperfections of his work. Once the commitment
to print is irrevocable, the agonies of hindsight
tend to fade. In this report on engineering educa-
tion, the study group clearly recognizes the com-
promises that have had to be made. Our recom-
rt. mdations fall short of being Utopian because
we have been dealing with a system or rather
a non system on which have been invested very
considerable amounts of time, effort and money,
occasionally influenced by political expediency.
A compromise with time har had to be made,
because modern engineering is being buffeted by
the onrush of change in technology and in the
role of the engineer in society. An imperfect
report now is more useful than a polished retro-
spective document several years hence. Inherent
lags in the educational process impart a sense of
urgency, and so we go to press with the realization
that more could have been said, more fluently,
but later.
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A considerable debt is owed to all those people
who have contributed to the study in particular
the faculty and students who provided data on
which this report is based. If our effort is judged
to be worthwhile, it is hoped that similar studies
of other disciplines will be undertaken. Engineer-
ing has been a good place to begin, because it is
inherently "mission-oriented", and one can devel-
op logistics relating the needs of a modem society
to the number of practising engineers within it.
Such an approach is more difficult with non-
professional education, but there are a number of
signs indicating that the lack of appropriateness
of the educational experience is troubling many
students and some teachers in the humanities and
the social sciences. It is probable that the need for
a similar study in other areas is just as acute as
for a report in the field of engineering.

The prospect of continuing rapid change dic-
tates the need that this report be but the fore-
runner of a series of periodic updating studies



which should be carried out at regular intervals.
There is a temptation to suggest that such a task
be the responsibility of the Committee of Ontario
Deans of Engineering, but already it is a heavily-
loaded affiliate committee of CPUO. It seems
more reasonable to suggest the collection and col-
lation of data be carried out by the CPUO
Research Division. However, it should be the
responsibility of the Committee of Ontario Deans
of Engineering to ensure that the form of such
data is uniform throughout all of the faculties of
engineering, and moreover that it is compatible
with the collection and retrieval system adopted
by CPUO. Data should be collected on a continu-
ing basis to meet four principal objectives:

(I)

(2)

(3)

academic planning;

manpower planning;

cost assessment and control;

(4) program appraisal and accreditation.

ACADEMIC PLANNING

The forecasting of enrolments is critical to suc-
cessful planning of the use of capital resources, as
well as to the establishment of sound policies for
the future. Enrolment forecasting involves the
development of student flow patterns from secon-
dary school into the universities, and within each
university among its several programs and many
(lasses. Viewed in retrospect, the questionnaire
used in this study (shown in Appendix I) con-
tained a number of deficiencies. For example,
Table 5 should have requested more detail on the
origin of students, in particular the location of
the high school of graduation for Ontario stu-
dents and the distribution of university prefer-
ences in their application for admission. The
collection of such data, on a yearly basis, should
enhance the ability of each school to forecast its
future flow patterns. CPUO has proposed the
formation of a data bank' that would include
most of the required information.

It is recommended that:

(12:1) CODE coordinate the collection of informa-
tion, as a pilot project, for a data bank to be estab-
lished by CPUO.

The information that has been gathered for this
study would be a starting point, and each year
further refinement: could be introduced into
such an on-going program. Other faculties would
come "on stream" in future years as they are
ready to participate in it.
'CPUO Research Division, Proposal lor a Central Data Bank on
Students and Resources of Ontario Universities, November 1969,
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MANPOWER PLANNING

We have advocated that educational planning
in the engineering schools be related to the
requirement for engineers in the economy, as
defined both by short-term demand and long-
term need. The flows of engineers into the labour
market are only partially understood, and yet
a knowledge of these ilows is essential if one is to
attempt any meaningful prediction of shortages
or future career patterns. It is surprising that so
few universities in Ontario maintain alumni
records that trace the career histories of their
graduates. Aside from any manpower considera-
tions, such records would be most valuable for
many other purposes, including the planning of
future academic programs.

We recommend that:

(12:2) each school develop a technique for tracing the
career histories of its graduates, and maintain records
for its own use and for use in manpower studies.

COST ASSESSMENT AND CONTROL

The cost study (Appendix H) suggests there
are a number of policy variables that can be used
to assess and control the unit costs of each pro-
gram. In the future, such considerations will
assume increasing importance. The cost study
conducted by CPUO and the study group covered
only the one year, 1969-70. Such costs assume
greater meaning when collected and averaged
over several years, so that trends can be seen and
individual anomalies in any one year are not
overemphasized. The proposed data bank will
contain only some of the information required
to compute unit costs, and therefore cost assess-
ment and control would be a private matter for
each university. The annual class-size survey
being conducted by CPUO will give some indica-
tion of over-all costs, but not individual program
costs.

We recommend that:

(12:3) each engineering school undertake its own
annual unit cost study, in order that trends may be
detected and policies established for the continuous
assessment and control of costs.

PROGRAM APPRAISAL AND
ACCREDITATION

in Chapter 7, we recommended that CODE
play a central role in the appraisal of new pro-
grams and the accreditation processes being con-
ducted by the profession. The proposed CPUO
data bank will contain information on staff and
facilities that should be of considerable assistance
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in such procedures by decreasing the administra-
tive load on individual faculties and departments.
There may be information required that is not at
present planned for the data bank (e.g. library
facilities) . Therefore, it is recommended that:

(12:4) CODE assess the information to be collected
for the CPUO data bank, and recommend to CPUO
what additional data should be assembled to facilitate
program assessments and accreditations.

It is our hope that the Committee of Presidents
of the Universities of Ontario will regard this
report as a working document for the evolution of
a system of engineering education. Virtually any
of these recommendations can stand alone and

86

are suitable for individual implementation, but
the title of Chapter 10 is not accidental.

We began this report with an examination of
the expectations of a young man or woman aspir-
ing to an engineering career. The most eloquent
elucidation of student concern was quoted in
Chapter 3: "It is attitude rather than content,
style rather than subject matter, and the system
rather than the course, that are the causes of
student despair." The bulk of this study has been
devoted to an examination of attitude, style, and
the need for a system. We sincerely hope it will
assist Jean and his/her colleagues to become good
professional engineers, who will play significant
roles in their complex, evolving society.



RECOMMENDATIONS

The study group recommends that:

(2:1) beyond senior mathematics the secondary
school Honour Graduation Diploma should be a
sufficient requirement, set at a level of perform-
ance decided upon by the faculties of engincering,
who must become increasingly dependent on
their own evaluation of secondary schools in their
districts, and upon the anecdotal reports of the
principals.

(3:1)innovative opportunity in the form of design
should be brought into first-year engineering pro-
grams, despite the elementary character of the
design examples. The gain in motivation and
morale would amply repay the expenditure of
time.

(3:2) each engineering school undertake a study
of its teaching laboratories, and establish ways in
which the students will use them to obtain design
experience.

(3:3) universities establish a depreciation policy
with respect to engineering laboratory equip-
ment, so that before it becomes obsolete or worn
out, adequate reserves are generated for replace-
ment.

(3:4) Each faculty should have a standing com-
mittee on curriculum, with substantial student
representation, whose responsibility it is to en-
sure that there is an articulated sequence of
courses in each stream. Such a committee should
regard as its prime function the continuous moni-
toring and updating of the curricular system.

(4:1) a talk-back television rework in Ottawa
be thoroughly explored.

(4:2) a report be prepared for Ontario similar to
that prepared by Allen M. Cartter, dealing with
graduate education in the United States.

(5:1) The criteria of acceptability of graduate de-
grees in engineering should be recast in order
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that a thesis based on design or systems synthesis
may be suitably assessed. This could involve the
establishment of a new degree at the doctorate
level.

(6:1) "We feel that both universities and indus-
tries should recognize this activity as part of the
career structure of their senior staff, and joint
appointments should be increased as far as pos-
sible. We would hope that in time there would
be at least one joint appointment in each depart-
ment, certainly in those relevant to industry."

(7:1) the universities introduce part-time under-
graduate studies as an acceptable alternative path
to a recognized bachelor's degree in engineering,
and that when this scheme is fully operative, the
present APEO examination system be terminated.

(7:2) periodic requalification (perhaps every five
years) be initiated so as to require successful com-
pletion of a course of study in either control or
management, or a combination of these two,
together with a structured program in applied
humanities.

(7:3) CODE undertake the appraisal of proposed
new undergraduate programs, using essentially
the same procedures employed by OCGS in re-
gard to new graduate programs. Also, CODE
should evaluate the need for each new program
with respect to academic, cost and manpower
considerations. In regard to such appraisal, CAB
should participate so as to avoid unnecessary du-
plication and permit simultaneous accreditation.

(7:4) CAB re-accreditation, requested and/or
approved by APEO, be coordinated through
CODE, which ultimately should be in a position
to provide the required quantitative data.

(7:5) all engineers engaged in teaching in Ontario
be registered members of the profession.

(9:1) over the next two years the estimated gradu-
ate enrolment of 2,000 for 1970-71 be reduced by
17%, after which graduate enrolment should be
equated to the previous year's bachelor gradu-
ations.

(9:2) the Canadian Council of Professional Engi-
neers explore ways and means of establishing a
permanent Canadian Engineering Manpower
Commission in order to provide national and re-
gional data on engineering manpower in Canada.

(10:1) it is essential that changes in the formula
be considered concomitantly with the develop-
ment of the system.

(11:1) the University of Toronto continue to
offer a full spectrum of engineering programs but
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that, starting in 1971, it limit freshman intake to
600 students a year, and reduce graduate enrol-
ment to .180 students, including no more than 165
doctoral candidates by the 1973-74 academic year.

(11:2) a three-way cooperative program between
the university, Cambrian College in Sudbury,
and the mining industry in that area be thor-
oughly explored.

(11:3) Queen's University continue to offer a full
spectrum of engineering programs while main-
taining an annual freshman intake no greater
than 400 students until after 1975, and then
increasing this figure to 500 students a year. Fur-
ther, we recommend that engineering graduate
enrolments increase slightly to 180 students by
1973-74, which would include no more than 55
doctoral candidates.

(11:4) Waterloo continue to be the only engineer-
ing school offering a cooperative program in
Ontario throughout the 1970s, and that its engi-
neering be limited to this type of program.

(11:5) Waterloo continue to offer a full spectrum
of undergraduate engineering programs, but re-
strict its freshman intake to 6:i0 students. Also we
recommend that by 1973-74 total graduate enrol-
ments be reduced to 385 students with no more
than 125 in doctoral programs.

(11:6) the Faculty of Engineering at Waterloo
undertake negotiations to enable it to be reor-
ganized into a technical university, with a sepa-
rate Board of Governors and Senate, but in
affiliation with the University of Waterloo.

(11:7) McMaster continue to offer a full spectrum
of engineering programs, while increasing its
freshman intake to 500 students a year, but that
by 1973-74 the number of its graduate students be
limited to 150, including 45 doctoral candidates.

(11:8.) Carleton retain its present undergraduate
program structure, limit its freshman intake
when it reaches a figure of 400 students a year and
maintain graduate enrolment at 115 students,
including 60 doctoral candidates to be shared
equally with Ottawa. Further, we recommend
that graduate student and faculty research be
directed towards the field of information systems
engineering, and that Carleton explore jointly
with Ottawa ways to collaborate with local gov-
ernmental and industrial laboratories, for exam-
ple, by means of a talk-back television network.

(11:9) Ottawa create a common-core undergradu-
ate curriculum in a pattern similar to that at
Carleton; graduate enrolments be reduced to 90
students by 1973-74, including 60 doctoral candi-
dates to be shared equally with Carleton, and



graduate student and faculty research be directed
towards the field of information systems engineer-
ing in a joint program with Carleton. Further, we
recommend that Ottawa explore arrangements
with Carleton for the installation of a talk-bark
television network that would include govern-
ment and industrial laboratories in the arca, and
Avould serve both undergraduate and graduate
programs.

(1 I :10) Western concentrate its graduate student
and faculty research in the field of environmental
engineering, and that a new common-core under-
graduate program be introduced in this field in
place of the existing options. Further, we recom-
mend that graduate enrolments at the master's
level should not exceed 90 students by 1973-74,
and that no further students be admitted to exist-
ing doctoral programs.

(11:11) Windsor establish a new undergraduate
program developed around a liberal engineering
core, and with an emphasis on design; and that
such a program replace those now in existence.
The number of design options should be consist-
ent with viable class sizes. Further, we recommend
that graduate studies be concentrated on liberal
engineering, and that enrolments be reduced to
80 by 1973-74, with no further work at the Ph.D.
level during the present decade.

(11:12) Guelph pursue its new engineering core
program, with options in the life and earth
sciences, but with the applied humanities added
to the core. Further, we recommend that graduate
enrolments not exceed 30 students by 1973-74,
and no further work at the Ph.D. level be under-
taken during the present decade.

(11:13) the existing engineering program at Lau-
rentian University be terminated, and no fresh-
men be admitted for 1971-72.

(11:14) the present engineering program at Lake-
head University be terminated by admitting no

lo

Rerun! rnenda t ions

freshmen after 1970-71. Beginning in 1971 or
1972, Lakehead should establish a two-year in II-
time engineering degree program specifically
designed to accommodate diploma technology
graduates. The disciplines offered should be
related to the needs of the district. In addition, it
should continue to offer existing diploma courses
in technology.

(11:15) no further engineering schools he estab-
lished prior to 1980.

(I 1:1(i) York devote its ambitions, energies and
resources not to engineering but to applied
science.

(11:17) no school of engineering be established at
Trent during the present decade.

( II:18) no studies in engineering be undertaken
at Brock during the present decade.

(11:19) the Royal Military College develop a
liberal engineering program, based on the suc-
cessful model now in operation at Dartmonth
and Harvey Mudd.

(12:1) CODE coordinate the collection of infor-
mation, as a pilot project, for a data bank to be
established by CPUO.

(12:2) each school develop a technique for tracing
the career histories of its graduates, and maintain
records for its own use and for use in manpower
studies.

(12:3) each engineering school undertake its own
annual unit cost study, in order that trends may
be detected and policies established for the con-
tinuous assessment and control of costs.

(12:4) CODE assess the information to be col-
lected for the CPUO data bank, and recommend
to CPUO what additional data should be assem-
bled to facilitate program assessments and ac-
creditations.
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The University of Western Ontario, London 72, Canada

Faculty of Engineering Science

Dean R. M. Dillon
Faculty of Engineering Science
The University of Western Ontario
London 72, Canada

Dear Dean Dillon:

October 20, 1970

Re: The visit of the Committee of Presidents of Universities
of Ontario Study on Engineering Education, April 28, 1970.

You may recall an opinion which I expressed, during the visit of the Committee
of Presidents, which was based on my experience of the"Laval Exchange". I

understand that you were instrumental in developing this program and I think it
was a milestone in the development of Engineering Education.

At the meeting of April 28, I pointed out what I thought were some of the
benefits:

- contact with French-Canadian engineering students (and vice-versa)
even for those not participating directly.

- an opportunity for participants to get a conversational and technical
knowledge of our other language.

- an opportunity to appreciate our entire Canadian culture.

To me, the fostering of the "Laval Exchange" is the most im,)ortant problem
in the development of engineering education in Canada.

I feel the interchange of engineering students between French and English
speaking school's should be extended from British Columbia to Newfoundland
and should be supported by tax dollars. Moreover, I feel such an undertaking
can be extremely successful if undertaken with the attitude of accepting two

Canadian cultures. Finally, I believe that the greatest benefits will be the
favourable experiences of bicultural engineers filtering down through all
walks of life in Canada.

When I expressed these ideas to the committee on April 28, there was not
a large group of students present but, I recall, all those who were present,
both from Laval and Western, approved in general.

Although these suggestions need much more thought and discussion, I hope you
will consider them as serious and realistic proposals for the development
of engineering education.

MH/re

Sincerely yours,

Michael Hogan
Ph.D. Candidate



APPENDIX A
STUDENT OPINIONS

The following paragraphs are excerpts from a
paper entitled "Women in Science and Engi-
neering The Lost Resource" written in March
1970 by Miss A. Majorins, a second-year student
in chemical engineering at McMaster University.

In this age of rapidly advancing and changing
technology, where there is a shortage of man-
power in the scientific fields, we find that female
enrolment and female employment in scientific
and technological fields remains very low. There
is a reluctance to admit that there is a terrible
waste of potential talent in the lack of women in
science.

Most often girls who are technically minded
and whose interests lie in mathematics and science
are steered towards other fields which are not as
demanding, but are more suited to the woman.
It may be noted that almost as many girls show
basic mathematical and technical aptitudes as do
their male counterparts. The term technical apti-
tude, is not to be confused with the term mech-
anical. Women are naturally less mechanically
minded, this being brought about by our environ-
ment; the rules being that little girls play with
dolls and little boys play with trucks and build-
ing blocks. Technical aptitude is not the same. It
involves mathematical and analytical ability, as
well as an interest in chemistry and the natural
sciences. Here the gap closes. A test in an Ameri-
can high school showed that 6.3% of the boys and
4.2% of the girls had aptitude for engineering.'
This implies that women could make up 40%
of all engineers quite a bit more than the mere
1% of today and more than enough to solve the
engineering shortage in the next decade.

Early conditioning by both parents and teach-
ers, those from whom she needs special under-
standing and encouragement, contributes to this
low enrolment, as does the lack of information on
opportunities in engineering and some sciences.

A woman entering the scientific professions
undoubtedly encounters obstacles and barriers
along the way. The traditional role of a woman
in society is one major factor. Society has differen-
tiated between what is to be considered a woman's
work and what is a man's. This may lead to a false
conclusion; that science is not for the woman.
Society has also imposed certain character and
behaviour patterns for both girls and boys.

Topper and Herbert, "What You Should Know about Women Engi-
neers", Chemical Engineering, September II, 1967, p.

The possibility of entering a scientific profes-
sion does not enter a girl's mind ntil she is in the
final years of high school. The conditioning
should come earlier, say in the first years of high
school or final years of junior high.

A girl, if she pursues a career in science or
engineering, is said to be "different". Women
students whose thoughts are science-oriented
would feel more comfortable if a greater number
of woolen entered their student ranks, and that
they did not feel, as often is the case, that they
are thought of as "social oddities" because of
their career choices. As a result they run the risk
of restricted opportunities for comfortable social
relationships with other men and women.2 A
woman engineer, doctor or scientist would like to
feel responsible for her individual performance as
an engineer, doctor or scientist, not as a female
engineer, doctor or scientist.

A professional woman should he competent in
her profession. Her commitments, entering a
scientific career, are the same as those of a man.
In technical, scientific, or administrative matters,
sex differences should not be introduced. Each
problem will require the same ability and objec-
tiveness in its solution. There is no set way of
approaching a problem. Engineering involves
social problems which need both feminine and
masculine solutions.

*

To add to the Canadian statistics, data from a
Deportment of Manpower and Immigration Sur-
vey of Professional Manpower conducted in 1967
showed that there was a total of 33,344 people
employed and residing in Canada, who stated
their main field of employment was engineering.
Membership in Engineering Associations in Can-
ada is approximately 60,000 today. Of the total
stated above, 35 were indicated as female. The
distribution among various disciplines were as
follows: Aeronautical, 1; Chemical, 6; Civil, 12;
Electronics, 6; Geological, 2; Industrial, 3; Me-
chanical, 2; Metallurgical, 2; Surveying, I.

Women now make up a smaller percentage of
the total number of professional and semi-profes-
sional workers than before. This is due mainly to
the fact that the number of male workers has
increased very rapidly. The number of women in
professional and semi-professional jobs has not
risen proportionally with the total number.

swomen and the Scientific Professions, M.I.T. Symposium on American
Women in Science and Engineering, edited by J. A. Mattfield and C. G.
Van Aken (Cambridge, Massachusetts: the M.I.T. Press, 1965), p. 52.
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1 ler mobility in job local ion will be limited by
commitments to her husband, if she is married.
Even if mobility is possible, her commitments to
herself as well as to her husband will make her
examine c lowly the effects of bier' career decisions
on their happiness. A husband should show the
same consideratioqs for his wife's thonghtsA
girl wanting to oursue a career in science will
lime to lac e the fact that it will require unique
«mccntration. There will be a demand for a more
dominant place in the life than %cork in a less
dynamic. fieid,

Professional women are likely to marry men
within their own or closely related fields. Women
are from three to four tunes more likely to be
single.3 Although educational attainment bears
no relationship to the Marital status of men, it can
be shown that the number of married women
decreases with each degree beyond the bachelor's.
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Some women have found the answer in work
that can be done at home the analysis of tec hni-
cal literature, translation of le( linic al writings or
free-lance writing. Others have taken pal t-time
jobs as laboratory demonstrators. research assis-
tants, lecturers, technicians or supply teachers,

Many men feel instinctively that engineering
is a male field and that it defemin lies a woman.
There is little justification for this, for no longer
ran the engineering profession be identified as a
masculine one. No longer is the image of an engi-
neer one of a bridge- or dam-builder wearing the
notorious hard hat. Today more and more
engineers spend their time in offices and air-
conditioned laboratories. analyzing problems and
doing product research and development. They
analyze human needs and desig i appropriate
products and processes. Women have different
views on human needs than do men. Therefore
both can contribute significantly to the engineer-
ing profession.
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TABLE 11-4 Graduate Enrolments by Discipline
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FIGURE 11-1 Total Bachelor, Master's and Doc-
toral Degrees - Ontario

FIGURES B-2
to B-13 Enrolment structure for each engi-

neering school

Table 11-1

TOTAL UNDERGRADUATE ENGINEERING ENROLMENTS BY INSTITUTION: 1960.1969

PROVINCI ALIN-ASSISTED UNIVERSITIES - ONTARIO

UNIVERSITY 196041 196142 1962.63 196344 196445 196546 196667 196748 1961,49

Carleton 129 164 175 200 254 302 416 475 517

Guelph 49 36 31 26 36 113 126 142 145

Lakeheada 86 90 81 95 110 137 147 132 146

Laurentian 15 10 3 - 9 32 44 40 44

McMaster 131 140 212 248 276 294 419 435 502

Ottawa 123 126 130 118 174 181 205 256 337

Queen'sb 749 793 794 786 824 962 1,050 1,134 1,236

Toronto 1,657 1,409 1,300 1,406 1,540 1,599 1,827 2,072 2,226

Waterloos 438 641 789 1,076 1,242 1,542 1,594 1,907 2,101

Western 182 228 223 244 257 279 293 285 356

Windsor 152 186 198 208 214 244 285 346 393

Totals 3,711 3,823 3,936 4,407 4,936 5,685 6,406 7,224 8,003

a Including engineering degree and technology programs but excluding architectural technology,
b Including geological sciences, chemistry (ensbseritsg), mathematics and engineering, and physics( engineering)).
c Exduling pre4nginisering and filth year (196041 to 196)44).

/6-, (4

1969.70

538

157

158

51

504

369

1,360

2,199

2,349

442

401
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Table 13.2
FRF.SIIMAN ENGINEERING ENROLMENTS BY INSTITUTION: 1960.1969

PROVINCIALLY-Assisnn UNIVERSITIES ONTARIO

UNIVERSITY 19604,1 19614,2 1962-63 1963-64 1964.63 1965.66 1966 n7 196749 1969.69 1969.70

Carleton 40 66 77 87 109 125 206 189 187 201
Guelph :35 42 49 47 61
I ,akellead4 80 86 78 95 108 134 128 115 140 109
Laurentian 15 10 3 9 32 44 26 34 26
McMaster 72 75 83 .1,3 107 116 217 17l 185 192
Ottawa 53 40 57 42 80 78 86 105 123 127
Queen's 238 248 254 232 240 360 362 374 356 372
Toronto 403 378 420 509 529 481 652 765 766 605
IVatetloob 182 220 370 509 539 688 628 689 GA 693
Western 93 100 77 89 95 110 124 116 162 177
Windsor 52 72 65 72 67 86 104 146 145 119

Totals 1,228 1,295 1,484 1,718 1,883 2,245 2,593 2,752 2,739 2,682
a Including( enginierIng degree and technolop 17(04(ams.
h Lachalina pre engineering (19(041 to 1963-64/,

Table 13.3
ENGINEERING F.T.E. GRADUATE ENROLMENTS BY INSTITUTION: 1960.1969

PROVINL;IALLX-ASSISTED t NIVERSITIES ONTARIO
UNIVIRSr Y 196041 196142 196243 106344 196445 1965-66 1966-67 196748 1969.69 1969-70

Carleton 2 17 16 16 64 92 113 115
Guelph 12 11 11 11 17 23 27 22 22 23
McMaster 8 18 2G 61 88 95 118 152 191 184
Ottawa 14 26 34 52 45 46 58 66 115 156
queen's 47 63 74 84 84 73 104 125 140 168

oron to 206 213 229 250 313 347 420 553 587 625
Waterloo 8 11 30 54 116 190 277 343 433 456
Western 4 13 17 17 30 51 75 79vindsor 6 6 16 27 44 59 79 89 87

Totals 295 348 416 558 728 851 1,157 1,483 1,765 1,893

Table 13-4
ENGINEERING F.T.E. GRADUATE ENROLMENTS BY DISCIPLINE: 1960-1969

PROVINCIALLY - ASSISTED I TNIVERSITIES ONTARIO
DISCIPLINE 196041 196142 396243 396344 1964-63 1963-66 196647 1967-69 196849 1969-70

Aerospace 26 34 42 46 50 52 49 59 74 83
Agriculture 12 11 11 11 17 23 27 22 22 23
Chemical 45 53 59 107 135 167 199 256 327 335
Civil 66 70 81 99 144 176 246 322 375 411
Design 7 14 17 20 23
Electrical 60 87 114 147 167 195 295 367 414 463
Environmental -- 8 21 15
Geology 16 17 24 23 20 10 13 16 18 27
Industrial 16 26 30 33 45 39 43
Management Science 2 9 25 36 33
Nlechanical 46 44 48 60 97 114 178 236 289 314
Metallurgy

and Materials
22 25 32 45 68 70 84 96 113 104

Mining 2 7 5 4 4 5 10 14 17 1.9

Totals 295 348 416 558 728 851 1,157 1,483 1,765 1,893
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Appendix B

Table B-5
ENGINEERING BACHELOR'S DEGREES BY INSTITUTION: 1961-1969

ONTARIO

UNIVERSITY 1960-61 1961-62 1962.63 1963-64 1964-65 1965-66 1966-67 1967-68 1968.69

AVERAGE
BACHELOR'S

DEGREES
MR YEAR

Carleton 18 24 30 24 29 49 50 58 68 39
Guelph 21 17 16 11 14 18 22 28 26 19
McMaster 25 28 27 32 17 47 52 49 58 41
Ottawa 13 20 21 16 31 23 34 65 26
Qut:en's 203 180 142 120 161 149 153 166 238 168
1'nronto 426 387 331 306 257 301 345 342 339 340
Vi a terloo 52 98 101 115 147 140 213 268 126
Western 20 21 26 39 42 50 47 47 47 38
Windsor 31 39 41 36 37 54 61 33

Totals 726 724 721 693 722 828 869 991 1,170

RMC 26 63 64 82 90 76 75 9!' 69 71

Table B-6
ENGINEERING BACHELOR'S DEGREES BY DISCIPLINE
PROVINCIALLY- ASSISTED UNIVERSITIES ONTARIO

DISCIPLINE 1960-61 1961-62 1962-63 1963-64 1%1-65 1965-66 1966-67 1967-68 1968-69

AVERAGE
BACHELOR'S

DEGREES
PER YEAR

Chemicala 119 107 91 104 123 128 147 193 236 139
Civil 135 137 130 120 145 168 139 190 203 152
Electrical 139 136 166 178 165 191 220 239 259 188
Mechanical 128 153 147 138 132 173 182 204 284 171
Engineering

Scienceb 99 103 102 88 89 64 66 60 57 81
Mining and

Geology 35 24. 24 13 12 17 16 15 26 20
Metallurgy

anti Materials 22 14 23 20 26 31 34 24 33 25
Industrial 28 33 22 21 16 38 43 38 46 32
Agriculture 21 17 16 11 14 18 22 28 26 25

Totals 726 724 721 693 722 828 869 991 1,170
a Including engineering chemistry.
b Including engineer:mg physics, and mathematics and engineering.

Table B-7
ENGINEERING MASTER'S DEGREES BY INSTITUTION
PROVINCIALLY-ASSISTED UNIVERSITIES ONTARIO

UNIVERSITY 1960-61 1961-62 1962-63 1963.64 1964-65 1965-66 1966-67 1967-68 1968-69

Carleton 1 1 16 15 22 15 5
Guelph 3 3 5 8 5 5 16 16 12
McMaster 3 5 8 15 23 33 32 43
Ottawa 3 1 9 6 10 11 11 15 19
Quee 2r 36 37 33 31 47 23 28 30
Toronto 60 88 51 72 90 99 98 125 169
Waterloo 4 1 10 19 24 44 79 N 103
Western 2 2 13 8 14 31
Windsor 5 5 16 18 22 20 29

Totals 95 132 123 154 209 275 312 364 441
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Table B-8

ENGINEERING MASTER'S DEGREES BY DISCIPLINE

PROVINCIALLY-ASSISTED UY1VERSITIES - ONTARIO

DISCIPLINE 1960 61 1961-62 1962-63 1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

Chemical 15 16 20 24 31 41 42 71 75

Civil 25 34 32 13 53 64 85 75 111

Electrical 21 16 29 3(1 52 65 71 101 101

Mechanical 13 19 15 19 32 51 45 46 65

Metallurgy 3 13 11 8 6 23 23 15 28

Mining and
Geology 6 16 7 5.7 5 8 8 6 5

Agriculture 3 3 5 8 5 5 16 16 12

Industrial 5 6 7 9 9 10

Environmental 8 18

Aerospace 9 15 4 12 19 11 13 17 16

Totals 95 132 123 154 209 275 312 364 441

Table B-9

ENGINEERING DOCTORAL DEGREES BY INSTITUTION

PROVINCIALLY-ASSISTED UNIVERSITIES - ONTARIO

UNIVERSITY 1960-61 1961-62 1962-63 1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

Carleton 1 1 3 3

Guelph 1

McMaster 2 4 10 6

Ottawa 1 2 3 1 6 4 5

Queen's 1 4 1 4 2 7 5 2 9
Toronto 14 14 12 13 20 23 46 26 31

Waterloo 2 1 2 5 15 14 28
Western 1

Windsor 1 -1 1 3

Totals 16 18 15 20 28 39 78 60 87

Table B-10

ENGINEERING DOCTORAL DEGREES BY DISCIPLINE

PROVINCIALLY - ASSISTED UNIVEW ITIES - ONTARIO

DISCIPLINE 1960-61 1961-62 1962-63 1963-64 1964-65 1965-66 1966-67 1967-68 1968-69

Chemical 6 4 4 3 4 11 13 11 21

Civil 3 3 2 3 2 9 15 12 16

Electrical 2 1
5 6 7 7 13 21

Mechanical 4 4 1 2 2 14 9 15

Metallurgy 3 1 2 2 8 3 10 11 5

Mining and
Geology 1 2 2 1 1 4

Agriculture 1

Industrial 2 2 2 2
Aerospace 1 4 2 4 5 4 13 2 6

Totals 16 18 15 20 28 39 78 60 87
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APPENDIX C

SOME COMMENTS ON TELEVISION-

1,IN KED CLASSROOMS

The continuing education of employed engi-
neers is part of the concern of all engineering
educators. In the past, this need has been met by
late afternoon or evening courses presented on
campuses in the metropolitan universities and
attended by full-time and part-time students.
Such a practice has inherent disadvantages the
disruption of daytime lecture schedules for full-
time students and the commuting and parking
problems facing part-time students. Attendance
by employed engineers at regularly-scheduled
daytime lectures is difficult for the off-campus
students, involving travel time and the general
disruption of their working day. The presenta-
tion of a broad graduate program at several
widely dispersed sites presents even greater diffi-
culties. The University of Florida exemplifies
this latter situation. While the main campus is
at Gainesville, there was a need to provide pro-
grams at three distant and smaller satellite cam-
puses in centres of concentrated technological
activity Daytona Beach, Orlando and Cape
Kennedy. The solution, developed by Thomas
L. Martin, the then Dean of Engineering, was a
television network linking the four campuses
with a one-way video and two-way audio system.
The system is named Genesys (University of
Florida Graduate ENgineering Educational SYS-
tem) and a full description may be found in Nos.
1, 2 and 3 of the bibliography at the end of this
appendix.

A general description of Genesys is provided in
the report of a conference of the American Soci-
ety of Engineering Education (No. 4 of the bibli-
ography) . It provides cost data, although the
authors point out that these are actual costs which
certainly would be lower for future installations
in the light of experience with the system. They
cover the expenses involved in building and
equipping studio-classrooms (7,500 sq. ft. at
Daytona, 7,500 sq. ft. at Orlando, 23,000 sq. ft.
at Port Canaveral) . Land values are included in
the cost (a total of 60 acres at $2,500 per acre) . It
is emphasized that the amortization and the main-
tenance of physical plant account for more than
two-thirds of the fixed portion of the annual cost
of running the system. The balance, $110,000
annually, is TV line rental from Southern Bell
Telephone and Telegraph Company. The fixed
costs for Genesys at Florida are shown in Table
C-1.

Table C-1
ANNUAL FIXED COSTS FOR GENESYS SYSTEMa

TV and phone line rental $110,000
Maintenance of physical plan tb $110,000
Amortization of physical plantb $100,000

TOTAL $320,000

Per course (based on 196 courses
a year) $ 1,640

a The system operates on a triangular network, with cable lengths of 80,
50 and 50 miles per side.

b Includes buildings, land, furnishings and all TV equipment and support-
ing facilities.

Variable costs include the salaries and support-
ing costs of ten resident professors, eight adjunct
professors and a proportion of the salaries of pro-
fessors involved in the program on a part-time
basis. Also included are technical and clerical
costs, based upon the presentation of 196
"courses" per year. Many of the "courses" are
very short indeed the unit course involves an
average of only 45 student hours.

Table C-2
VARIABLE COSTS OF GENESYS SYSTEM

Courses

10 GENESYS resident
Cost (per year)

professors $180,000 76
8 GENESYS adjunct

professors 32,000 32
Main campus professors

(part-time) 110,000 88

TOTAL $392,000 196

Variable cost per course $2,000

Table C-3 shows the summary of the total
costs of the Florida System. Average course pop-
ulation is assumed to be 15 students, with 3
student hours per course unit.

Table C-3
TOTAL COST OF THE GENESYS SYSTEM

Per Student
Type of Cost Annual Per "Course" Hour
Fixed Cost $320,000 $1,640 $37
Variable Cost $392,000 $2,000 $44

$712,000 $3,640 $81

It is recognized that these figures represent
one particular situation and are provided here
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to give a gross estimate of the costs attributed to
the use of a one-way video, twoway audio
system.

A commercial enterprise has developed out of
this Florida experience: GENESYS Systems,
Incorporated, 1479 Plymouth Street, Mountain
View, California 94040. Over the past three
years, this company has contracted with Stan-
ford University, University of Southern Califor-
nia, Rensselaer Polytechnic Institute, Union
College, University of Illinois, Unive-sity of
Pennsylvania, Drexel University and University
of Minnesota. The only system observed by
members of the study group was that at Stanford
University, where it was used with satellite lec-
ture rooms in aerospace industries in the vici-
nity. A description can be found in No. 6 of the
bibliography.

Two-way video is regarded as being prohibi-
tively expensive, but the pedagogical importance
of the talk-back feature seems to be well estab-
lished. The largest single item of operating cost
is the leasing of dedicated cable on which the talk
back feature adds about 15% to the rental
charge.
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APPENDIX D

SPECIAL RESEARCH FACIM IES

It seems worthwhile to list special major
research facilities which have been installed in
the engineering schools. A complete inventory
would be a formidable and probably not very
useful task, but a list of "special" facilities does
involve subjective decisions. However, this risk
is accepted. The result is the following list.

Carleton University

1. Closed-circuit low-turbulence wind tunnel
working section 20 inches by 30 inches, speeds
up to 300 ft. per second.

2. Solid state device fabrication laboratory
class 100 laminar flow clean room with diffu-
sion furnaces, vacuum deposition equipment
and facilities for characterization and testing.

3. Electron beam systems: a 1.8 kilowatt, 130
kilovolt system and a 48 kilowatt, 70 kilovolt
system. Included are a 7 cubic metre vacuum
faculty, x and y beam scanning capability and
in-vacuum tooling.

University of Guelph

1. Elora Research Station a major facility made
available by the Ontario Department of Agri-
culture and Food, for agricultural engineering
research.

Afeillaster University

1. Nuclear Reactor: A swimming pool nuclear
reactor, powered by enriched uranium fuel,
with 5 megawatt power capacity. 6 neutron
beam-port tubes, hot cell with 5000-curie
gamma source, and a high-intensity gamma
room. Peak flux is 3x 1013 neutrons/cm2 (sec).

2. Model FN Tandem van der Graaff Accelera-
tor: Maximum terminal energy 8 Megavolts,
capable of accelerating light and heavy posi-
tive ions. 7 different beam port facilities.

3. Applied Dynamics I.aboratory: Major struc-
tural testing facility for testing of structures up
to 35 feet high. Large assortment of constant

and pulsed loading equipment.

4. Materials Research Institute: Fully equipped
laboratories for research on solid materials.
Includes helium liquefier, activation analysis
laboratory, two electron microscopes and two-
channel electron probe microanalyzer.

5. 220 MHz Nuclear Magnetic Resonance Spec-
trometer: shared with University of Toronto.
Located at Ontario Research Foundation,
Sheridan Park.

Queen's University

1. Coastal engineering laboratory: a 20,000
square foot laboratory, housing wave tanks,
sedimentation flumes, water tunnels and a
model harbour basin.

2. Cold Room: 1,000 square feet for testing pur-
poses. Will maintain temperatures of 20°F.

3. Mineral Engineering Laboratories: Full range
of equipment for mineral processing.

University of Toronto

1. Structures Testing Laboratory: Full comple-
ment of high capacity test equipment for
the static and dynamic testing of structures.
Includes high pressure triaxial testing appara-
tus (1500 psi) . 1200 Kip testing machine and
a range of cyclic loading equipment.

2. Computer Research Facility: A separate com-
puter system, concentrating on real time,
hybrid and special computing equipment.
Includes IBM 360 Model 4, Applied Dynamics
AD/4 analogue, IBM 2250 video display, Cal-
comp plotter and two remote analogue and
digital terminals for interfacing with the IBM
360/44.

3. Corona Research Laboratory: AC and DC
test facilities up to 300 and 260 kilovolts
respectively for the study of corona discharge
phenomena. Instrumentation available for
pulse waveform display, measurement of radio
noise and of corona losses.

4. Radio Telescope: a 60-foot radio telescope
located at the NRC National Radio Astron-
omy Laboratory in Algonquin Park.

5. Human Factors Laboratory: Equipped to
study the information processing capability of
human sensory and perceptual systems.

6. Towing Channel: 200 ft. x 5 ft. x 5 ft., with
precision carriage and dynamometer.

7. Biomedical Electronics Laboratories: A group
of five laboratories for studies in the applica-
tion of electronics to medicinal problems.

8. Institute for Aerospace Studies: An elaborate
facility at Downsview for aerospace research.

I/9
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Equipment includes low-density plasma tun.
nels, hypervelocity launcher, magneto gas
dynamic power generator, anechoic chamber,
a space simulator, high-power, tunable pulsed
lasers, and a flight simulator.

University of Waterloo
I. Environmental Health Laboratory: equip.

ment includes Warburg respirometer, refrig-
crated centrifuge, and controlled environment
rooms.

2. Power Engineering Research Laboratory:
equipped with an analogue simulator for
studying high voltage D.C. transmission prob.
lems, high voltage A.C. and D.C. test equip-
ment for voltages to 500 kilovolts.

3. Manufacturing Sciences Laboratory:
equipped with horizontal milting machine,
Havlik plastic injection machine, Blohm
grinder, NIDE production lathe.

4. Experimental Chimneys and Atmosphere Dif-
fusion Range.

DATE
UNIVERSITY INST'TUTE STARTED

Carleton Electronics Planning
and Coln- Stage
munications

Transpotta Planning
tion Stage
Institute

Guelph Centre for
Resources
Develop-
ment

Interdisci-
plinary
Committee
on
Hydrology

Food
Research
Institute
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Planning
Stage

5. Combustion Laboratory: includes 3 test cells,
6 atmospheric test bays and open tire test area.

University of Western Ontario
I. Rotunda ry Layer Wind 'Entine' Laboratory:

Open return wind tunnel with a working sec-
tion 100 ft. x 8 ft. x (51/2 to 71/2 ft.) high. Fan
is 40 I LP. (8 ft. diameter) , variable pitch.
Maximum air speed: 60 ft. per second.

2. Thernmphysical Laboratory: special capal,il-
ity of extremely pre( ise measurement of en-
thalpy differed( es, aqd other themophysical
properties.

3. Electrostatics Laboratory: equipped to study
electrification in high vacuum, charging of
aerosols, electrostatic precipitation and benefi-
ciation of minerals by electrostatics.

4. Biochemical Process Laboratory: four fermen-
tation reactors (largest 100 litres) , with ancil-
lary equipment for control and recording of
pH, gas and energy transfer, temperature and
mixing intensity.

RESEARCH INSTITUTES

SIZE AND RESOURCES

A proposed institute concerned
with the related areas of elec-
tronics and communicr.tions. A
joint endeavour with Queen's
University, industry, and
government.

A proposed institute, originating
in the Faculty of Engireering. As
it develops it will become inter-
disciplinary; will relate to the
federal transportation agencies.

Involves Departments of Geog-
raphy, Economics, Agricultural
Economics, Soil Science and
Zoology, and Schools of I .and-
scape Architecture and
Engineering.

Involves School of Landscape
Architecture, Agricultural Engi-
neering and Soil Science.

To involve Department of Agri-
cultural Engineering, Food
Science, Microbiology, Horticul-
tural Science, Agricultural Eco-
nomics, Nutrition, Animal
Science.

MODE OF OPERATION

N/A

N/A

Interdisciplinary research
group, using individual
grants as financial source.

Interdisciplinary Institute,
funded by Department of
Industry, Trade and
Commerce.



UNIV1 RSII V
DATE

INSII1U1 STARTED

McMaster Institute
for
Materials
Research

Centre for
Applied
Research
and
Enginei ring
Design
(CARED)

Appendix

Sal. AND RESOURCIIS NODE OF OPLRATION

1967 Involves 40 faculty members (10
front Engine cring) , part-time;
115 gradua.c students (10 front
engineering) ; 30 post-doctorate
fellows (7 from engineering)
25,000 sq. ft. of laboratory a id
office spaco. Equipment includes
helium liquefier, electron probe
microanalyzer, metallographic
equipment, crystal growth
equipment.

1967 Operated on federal and univer-
sity support: $50,000 per year
from Department of Industry,
Trade and Commerce, and
$25.000 per year from McMaster
University.
Interdisciplinary contract
research institute, 10 full-time
staff (2 engineers) ; 24 engi-
neers as project consultants. 1970
income about $275,000. Has own
office staff and facilities; labora-
tory facilities leased from
University.

Applied 1968 An interdisciplinary dynamic.'
Dynamics laboratory, financed on (,4pital
1.aboratory development program, as L.,-h-

ing and research facility. Full-
time manager (professional engi-
neer) , 4 technicians, 25 graduate
students, 3 post-doctorate fellows,
9 faculty members (part-time) .

Structural test bay, universal
testing machines MTS dynamic
loading unit (20,000 pounds
force) .

Canadian
Institute
for Meta,
working

1970 Funded by a $600,000 grant (5
years) from Depai tment of
Industry, Trade and Commerce.
Ultimate full-time staff about 10
(3 graduate engineers) . Will

operate on an inventory of leased
machine tools (value about
$250,000) , with full access to
McMaster shops, and reciprocal
agreement with Mohawk College.

Financed by N RC-
negotiated development
grant ($500,000) . Operated
as an institute with a
director who is a faculty
member.

Operated as an Industrial
Research Institute. Incorpo-
rated in 1970 as university -
owned and -operated com-
pany. Executes projects on
contract for industry and
government; faculty mem-
bers as consultants.

Operated as interdiscipli-
nary facility, through Users'
Cmninittee. Operating
finances through research
grants and CARED income.

Self-contained entity, oper-
ated through CARED.
Advisory board develops
policy, executed by manager
and staff. Aims: (I) national
information centre on
metal-working; (2) presen-
tation of courses to operators
and management; (3)
development of metal-
working production
methods and cutting
techniques.
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DATE
UNIVERSITY INSTITUTE STARTED

Ottawa Institute for Planning
Northern Stage
Develop-
ment

Water Planning
Resources Stage
Centre

Centre for Planning
Study on Stage
Communi-
cations and
Computers

Queen's Centre for
Metals and
Mineral
Technology

Canadian
Institute of
Guided
Ground
Transport

SIZE AND RESOURCES MODE OF OPERATION

N/A

N/A

N/A

1968 Research expenditures of
$300,000 per year financed by
grants from Cominco, AECL,
Esso Research and Engineering,
International Nickel of Canada,
NRC, DRB. 11 faculty members,
25 graduate students, 5 post-
doctorate fellows, 10 technical
assistants. Laboratory and office
facilities in departments of Metal-
lurgical Engineering, Physics,
and Chemical Engineering.

1970 Financed by grant of $100,000
per year from each of Ca' radian
National Railways, Canadian
Pacific Railway and Canadian
Transport Commission, ith
additional support in kind from
Qaetn's University. Research
will be performed by university
facuity at Queen's or elsewhere,
on the basis of submitted propo-
sals. Proposed future space alloca-
tion of 10,000-20,000 square feet;
at present use existing laboratory
facilities. Has own administrative
personnel.

Institute Planning
for Studies Stage
in Commu-
nications

110

N/A

N/A

N/A

N/A

Interdisciplinary research
group, funded by federal
government and industry.
Primary aim better inte-
gration of industry and uni-
versity interests and
activities.

Director appointed by Prin-
cipal of Queen's, may be a
member of faculty. Cur-
rently rill by acting direc-
tors: H. G. Conn until
October 1970, Clifford
Curtis after October 1970.

N/A



DATE
UNIVERSITY INSTITUTE STARTED

Toronto Institute
for
Aerospace
Studies

Institute of
Biomedical
Electronics

Waterloo Industrial
Research
Institute

Western
Ontario

Centre for
Radio
Sciences

Centre for
Air
Pollution
Studies

Appendix D

SIZE AND RESOURCES MODE OF OPERATION

1949 Started by a DRB grant in 1949,
is now supported by 13 funding
agencies in Canada and the U.S.A.
to the extent of $666,000 annually.
Staffed by 15 full-time professors,
with a total of 83 graduate stu-
dents in 1969. New Building on
18-acre site provided by U. of T.,
constructed in 1959 (DRB
financed) . Extensions to building
in 1961-63 with funds of U. of T.
and Ford Foundation. Large
supersonic wind tunnel, shock
tubes, rocket research laboratory,
low-speed wind tunnel, anechoic
chamber, hypervelocity labora-
tory, structural mechanics
laboratory. Operating budget,
1969-70, $458,000.

1962 A full-time staff, 8 supporting
staff, 20 part-time staff, 30
students (graduate and under-
graduate). 10,000 sq. ft. of labora-
tories and offices.

1967 Operated on $48,000 per year
from Department of Industry,
Trade and Commerce, and serv-
ices and facilities supplied by the
university. Interdisciplinary con-
tract research institute, 5 full-
time staff (2 professionals, 3
secretaries) ; 1970 income about
S300,000.

1968 12 members (2 engineers) , 14
associate members (1 engineer) .

Has one permanent building at
the Delaware Radio Observatory.

Planning
Stage

N/A

13 3

A separate graduate division
of the Faculty of Engineer-
ing, with a director who is a
member of faculty. Respon-
sible for entire research pro-
gram and undergraduate
teaching in the aerospace
sciences.

Operates research program
common to medicine and
engineering. Provides edu-
cation in physical sciences
for medical personnel, and
in life sciences for engineers.

Operated as an Industrial
Research Institute. Labora-
tory facilities paid for by
overhead charges and direct
assessment on contract.
Faculty members as consul-
tants and principal investi-
gators.

Interdisciplinary research
group to execute research in
radio science. Projects are
individually supported and
are related to the national
space program.

Has the objective of coordi-
nating teachingand research
relative to control of air
pollution and establishment
of air quality criteria, and
of offering courses to indus-
try and government.
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DATE
UNIVERSITY INSTITUTE STARTED

Planning
Stage

Western
Ontario
Cont.

Institute
for
Industrial
Cooperation

Centre for Planning
studies in Stage
Technology,
Innovation
and Human
Affairs

Windsor Industrial
Research
Institute

112

SIZE AND RESOURCES MODE OP OPERATION

N/A

N/A

1967 Supported by an annual grant
from Department of Industry,
Trade and Commerce, of $35,000.
22 faculty members involved in
industrial projects as consultants;
projects also involve graduate
students and technical staff.
Laboratory services leased from
University. Salaried manager,
administrative assistant and office
personnel.

A proposed Industrial
Research Institute with sup-
port from the Department
of Industry, Trade and
Commerce, to perform
industrial research on
con tract.

Would sponsor educational
and research programs on
Canadian science policy
goals and priorities.

Incorporated in 1967 as
limited liability company
owned by the University.
Board of Directors: univer-
sity, industry, government
represented. President:
Dean of Applied Science.



,APPENDIX E

ESTIMATED EQUIPMENT INVENTORIESa FACULTIES OF ENGINEERING

Value of Equipment (thousands of dollars)

University Teaching Function Both Teaching and Research Research Only Total

Carleton 256 665 126 1,047Guelph 142 190 142 474Lakehead 650 25 675McMaster 724 1,264 767 2,755
Ottawa 660 280 500 1,440Queen's 975 1,340 2,089 4,404Toronto 3,156 2,332 5,738 11,226Waterloo 1,031 2,346 733 4,110Western 960 640 640 2,240Windsor 847 401 635 1,883

8,751 10,108 11,395 30,254
a Equipment only does not include buildings or furnishings.
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Figure F-1 DEGREES HELD BY ONTARIO ENGINEERING
TEACHERS BY UNIVERSITY 1969-70
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Figure F-2 = DEGREES HELD BY ONTARIO ENGINEERING
TEACHERS BY DISCIPLINE 1969-70
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Figure F-4 AGE DISTRIBUTION OF ONTARIO ENGINEERING
TEACHERS BY DISCIPLINE 1969-70
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Figure F-5 BIRTHPLACE OF ONTARIO ENGINEERING
TEACHERS BY UNIVERSITY 1969-70

TOTAL ONTARIO
(721)

4 vi 15 g cc <
44 114

CC aC ..:9 bi CC
C4 bi C (C

0 0 0 11.1 0 iii 0 W 0 iii 0 0 li Iii
< 6 6 x fa 6 x 4 6 6 x fa 6 > z

z
= z < 0 z

z 0 z 0< 0 z 0
g

0 < 0
0 0 C) 0 (.)

COUNTRY OF BIRTH

117



Figure F-6 BIRTHPLACE OF ONTARIO ENGINEERING
TEACHERS BY DISCIPLINE 1969-70
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Figure F -8 UNIVERSITY OF LAST DEGREE OF ONTARIO
ENGINEERING TEACHERS BY DISCIPLINE 1969-70
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Figure F9, Part 1 EXPERIENCE OF ONTARIO ENGINEERING
TEACHERS BY UNIVERSITY 1969-70

, ,..

CARLETON
(35)

..

.::::,...:..

r
, /r

7,, es.5%4 4
...................... %

/
112.S%. . ii:/.0.0%/ A

53.4%4.
r,

GUELPH

. X

50.0%/ ....

...

...,.
43.3%

..

X

X

i

.......

....Yee%

LAKEHEAD
(01

.......

.:

a.%
..::.

a.

.

7:V

/ 4
. .

A
/

1.'....:

.1::

.11.11

...: :,

_

J
_

,,
J

A

,
,,,JJJ
I

1
I
I

I

no%

LAURENTIAN
(4)

75,16

#20 .::::::

. . .

::.:

::.:
75,16

A

:::.

:::.
:::.:

.:.:.:.
:::::::

20

UI

a 10

0

10

30

UI

a 20

a.

10

0

70

50

50

10

30

20

10

0

0 1 2 3 4 5 R

YEARS OF PROFESSIONAL PRACTICE

0 1 2 3 4 5 12 R

YEARS OF TEACHING EXPERIENCE

0 1 2 3 S R R

YEARS AT PRESENT UNIVERSITY

NOTE: FIGURES IN SHADED PORTION
ON LEFT REPRESENT PERCENTAGE
IN 0.5 YEAR RANGE M MEDIAN



20

W
10

0

30

8 20

Wa

10

0

20

10

0

20

W
10

0

30

8u 20

W

10

0

Figure F-9, Part 2 EXPERIENCE OF ONTARIO ENGINEERING
TEACHERS BY UNIVERSITY 1969-70
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APPENDPii

PLACEMENT EXPERIENCE

One of the better yardsticks for measuring the
demand for engineers is the intensity of recruit-
ment activity at the universities. There is a place-
inent service each campus which is respons;ble
for organ' student interviews with potential
employers, and so the following was asked in the
questionnaire sent to the Ontario faculties of
engineering (Appendix I, question 6c):

"Please provide any recent reports or statis-
tics on student placement services for engi-
neers in your university. Include any
remarks you would care to make concerning
the placement of graduate students, particu-
lary Ph.D.'s."

Unfortunately, the request was not sufficiently
specific and this resulted in a variety of responses.
Consequently, it has not been possible to com-
press the data into tabular form. However, the
answers did provile some interesting information
and we have reproduced comments taken from
the submission of ea,-h university.

CARLETON UNIVERSITY

It provided information covering the years
1966-67 and 1967-68 which lists the number of
interviews arranged for engineering students, the
B.Eng. groduates, and their place of employment
on graduation. These data can be summarized
as follows:

For 1966-67, 39 companies held 201 interviews
with 37 baccalaureate graduates, 30 of whom
accepted offers of employment. In 1967-63, 40
companies held 291 interviews with 43 students,
27 of whom were employed following graduation.

UNIVERSITY OF GUELPH

No statistical data are available on the place-
ment services provided for itF engineers. The
small number of graduate students have posed
no problems, with the exception of those from
Asia. There has been In indication that more
graduate students with a professional orientation
could be placed in the processing and service
industries associated with agri.. ture.

Mc; TASTER UNIVERSITY

The Canada Manpower Centre, in conjunction
with the University, makes available a Student
Placement Office on campus. Graduating engi-
neering students have not encountered problems
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in gaining suitable employment before the date
of their graduation. However, some foreign
students encounter placement difficulties and
may remain unemployed for several months after
graduation.

A survey of their Ph.D. graduates :thows them
to be employed as follows:.

University teaching in Canada
University teaching in U.S.A. 2

Employed by industry in Canada 8
Employed by industry in U.S.A. 10

Government service in Canada 2
Government service in rakistan
Post-doctoral Fellowship in Great Britain 1

UNIVERSITY OF OTTAWA

Undergraduate students arrange interviews
with prospective employers through the Student
Placement Service. Graduate students may avail
themselves of these facilities but some seek em-
ployment independently. Ph.D. students here
have encountered difficulties recently in securing
positions to their particular liking and interest.

QUEEN'S UNIVERSITY

As far as undergraduate employment is con-
cerned at least 90% of the Applied Science
students registered in September 1969 had been
able to secure employment during the previous
summer.

Table G-1
UNDERGRADUATE EMPLOYMENT QUEEN'S

Year
% of summer
employment

% of jobs held relevant to
their Applied Science courses

1 87.1 54.5
2 91.2 63.6
3 91.0 74.9
4 90.9 89.2

We are not aware of any serious difficulty in plac-
ing engineering Ph.D. graduates. In recent years,
with few exceptions, the demand for graduate
engineers has exceeded the supply, although this
year there has seen a drop in the number of offers
per student.

UNIVERSITY OF TORONTO

In the early months of the 1968-69 academic
year, some concern was expressed by placement
officers and recruiters over the lessening in de-
mand for university graduates that appeared to



face the class of 1969. There were expressions of
gloom in regard to Canada's economic situation,
interest rates on expansion capital were high,
and a general mood of belt-tightening prevailed
in both the public and private sectors. A good
number of government and industrial recruiters
were actively considering a temporary halt to
campus recruiting. Employers who did arrange
visits scaled down their estimates of requirements
for graduates. All these factors seemed to pertain
to the situation in the labour market at the end
of 1968. A large number of community college
,r2;raduates would he available, and moreover many
employers began to embark on serious efforts to
achieve better utilization of present so ff before
taking on any additional personnel. Undoubt-
edly, this policy has had some short-term adverse
effects on the demand for university graduates,
but in the long run it should enhance their posi-
tion within the organization and also ensure that
jobs offered to them will be more fully compat-
ible with their abilities and education.

Early in 1969, there was a renewed demand for
graduates, particularly at the bachelor's level.
Employers who had been on campus again
approached the Placement Centre to advertise
additional vacancies, while those who had done
no recruiting now indicated a wish to do so. The
net result was a deluge of vacancies in a wide
range of disciplines. In February, March and
April, a significant number of graduates found
suitable starting positions, either by individual
referral from the Placement Centre or through
supplementary on- campus interviews.

The Toronto Placement Centre has a full-time
member of staff concerned with engineering stu-
dents, and has encountered no difficulty in plac-
ing undergraduates, either upon graduation or
during the summer. The general trend in
demand for 1969 graduates in engineering and
science courses was down by about 3.5%. There
was an increase in demand for graduates in
mechanical and electrical engineering and for
students with a diploma in computer science. The
pulp and paper industry has fewer opportunities
for new graduates in chemical engineering, while
there continues to be a shortage of geological and
metallurgical graduates.

Salaries reflected the moderating demand. In
those programs with large numbers of graduates,
only electrical engineers received more than a 2
to 3% increase in starting rates while the average
increase was 21/4%. Initial salaries for engineers
entering the field of chartered accountancy were
$50 to $75 lower than those for graduates accept-
ing course-related employment.
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An interesting phenomenon which seemed to
be more prevalent than ever befon was the num-
ber of engineering graduates who indicated that
they did not intend to pursue technical careers.
While most of them are prepared to serve an
apprenticeship in industry as junior engineers,
their aim is to move into the ranks of manage-
ment as quickly as possible, not only to reap the
financial rewards of such positions but also to
escape from being "trapped" in an engineering
job.

With respect to placing postgraduate students,
the departments are playing an increasingly
important role as a consequence of their inter-
action with industry and government. The
development of consulting teams, of broad inter-
disciplinary programs of research and of a strong
vein of entrepreneurial interest among faculty
members is strengthening the prospects for this
important service.

Nevertheless, the placement of Ph.D. graduates
is expected to become increasingly difficult.
Flexibility of outlook will be an important char-
acteristic for the future doctoral candidate.

A study on the destination of Ph.D.'s prepared
by the Toronto School of Graduate Studies in
December 1969 shows that 29 out of the 31 per-
sons to be awarded an engineering Ph.D. in 1068-
60 were placed at the time of reporting.

Canadian industry 8

Industry abroad 4
Ontario colleges and universities 9
Other Canadian universities 3

Universities abroad
Canadian government service 2
Post-doctoral fellows in

Canada and abroad 2

29

The holders of master's and doctoral degrees
appear to be facing increasing difficulty in finding
suitable employment. More and more of these
highly qualified people are being forced either to
emigrate to the United States or to accept posi-
tions that do not fully utilize their abilities and
training. There is a slackening in demand for
research-minded Ph.D.'s for both government
and industry as well as for university teaching
appointments. At a time of 'tightening govern-
mental, industrial and educational budgets,
opportunities for senior students are the ones
most seriously affected.

UNIVERSITY OF WATERLOO

The question in regard to placement was not
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answered directly in the Waterloo submission,
but data were provided on the destination of engi-
neering graduates for the years 1962 to 1968.
There were 867 graduates at the bachelor's level
during this period, of whom 62.2% went with
companies in the cooperative program, 10.4% to
other companies, 80.8% on to graduate studies
and 6.6% to other dt itinations. Less than 1%
entered industrial employment in the United
States. Of the 630 bachelor graduates proceeding
to industry, 85.7% were employed by companies
in the cooperative program, and 58% returned to
their last employer.

39 Ph.D.'s graduated between 1962 and 1968,
of whom 21 took positions in a Canadian univer-
sity, 4 with the federal government, and 3 in
Canadian industry. Of the remaining 11, 2
entered industry in the United States, 7 took
employment in another country and the destina-
tion of two is not known.

UNIVERSITY OF WESTERN ONTARIO

The University Placement Office reports the
following students registered for job placement
in the years 1967-68 and 1968-69:

Table G-2

PLACEMENT REGISTRATIONS WESTERN

Year Summer Bachelor's Master's Ph.D.

1968 65 43 7 0
1969 100 58 29 1
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Between 1968 and 1969 the total number of com-
panies recruiting on campus for science and
engineering students dropped from 109 to 101.
However, there was no noticeable decrease in
the availability of jobs for engineering students.

UNIVERSITY OF WINDSOR

The only relevant data available concerning
the engineering graduates are the following:

Year No. of graduates
No. placed through

Placement Office

1697 33 21
1968 46 27
1969 58 34

The balance of graduates either obtained em-
ployment on their own initiative or went on to
graduate work. A lack of statistics is due to the
fact that reporting is voluntary both from the
graduate and the hiring company.

In the past three years all bachelor's graduates
have been placed, but now there appears to be
some difficulty in finding suitable employment,
and graduates at the master's and Ph.D. levels
have t ,-)erienced considerable difficulty in secur-
ing jobs in industry. The bulk of the post-gradu-
ates find employment either in government or in
universities on post-doctoral research and teach-
ing assignments. There is more of a market for
doctoral graduates with several years in industry,
but there is considerable difficulty in arranging
this experience.



APPENDIX H

UNIT COSTS'

METHOD

The object of this part of the study was to estab-
lish the unit cost (annual cost per student) for
each engineering student in the system, for the
year 1969-70. Throughout this study the term
"cost" has been used rather indiscriminately. In
a corporate environment, the cost is what the pur-
chaser pays, and it covers all outlays including
profit. A more precise term in the university
context would be "expenditure" the amount
from income spent by each university on engi-
neering students. The word "cost" is adequate as
perceived internally by each university, but
viewed externally. costs should be considered as
expenditures. The study covers all ordinary oper-
ating costs including engineering department and
faculty budgets, and all university "overhead"
accounts including library, administration and
plant maintenance.

The basis for distributing costs was staff-contact
hours. Unit costs were developed as the product
of two factors: cost per staff-contact horn and staff-
contact hours per student.

DEFINITIONS

Throughout the study the following defini-
tions were used as guidelines:

Term For programming purposes, a
convenient division of the academic year, usually
thirteen weeks in Ontario.

Class One subject given under a
single title for a single term (lecture and/or
laboratory and/or tutorial).

Section The sub-division of a class
for teaching convenience.

Program A compilation of classes
and/or research and/or field work leading to a
specific degree.

Staff-contact Hour The time spent by a teacher
instructing a class. Thus, a class of 100 students
receiving instruction for two hours per week
generates 2 staff-contact hours and 200 student-
hours per week.

'A more detailed description of the cost study is given ,n Ivor W. Thomp-
son and Philip A. Lapp, A Method for Developing lir.4 Costs In Educa-

tion Programs, CPUO Report 70-3.

Engineering Faculty
Administrative Unit (referred to hereafter as
Engineering) A group of resources (faculty
and staff, equipment and supplies) fall ing within
an engineering faculty budget, under the admin-
istrative control of a dean or director, often
divided into departments or discipline groups.

SOURCES OF DATA

Data ivere extracted from the submission pro-
vided by each university (Tables I, 2, 3 and 4,
and responses to question 5) . Budgetary informa-
tion was provided in separate submissions by the
deans of engineering and the university business
officers.

STAFF-CONTACT HOURS PER STUDENT

All service teaching performed outside Engi-
neering for programs within the faculty or school
were grouped into a single classification. All
teaching services provided by Engineering but
not related to enginering programs (i.e. service
teaching to students from other programs or non-
degree students) also were considered as a sepa-
rate classification. Wherever possible, within
Engineering, distinctions were maintained be-
tween departments and years in a program.

The staff-contact hours for the lecture, labora-
tory and tutorial components of each class were
computed by multiplying the annual staff-contact
hours per section by the number of sections
required for each component. Then they were
prorated among students in each year of each
program. If several departments taught different
sections of the same class, the relevant staff-contact
hours were assigned to each department.

The result was a "staff-contact hour matrix" for
each university. Each vertical column corres-
ponded to a department, and listed staff-contact
hours for each program within Engineering, and
all programs for students from other faculties.
The horizontal rows contained, by year in pro-
gram, the number of staff-contact hours provided
by each department, or the group of outside facul-
ties. Two matrices were prepared for each univer-
sity: one for undergraduate engineering pro-
grams and one for class instruction in graduate
programs. No distinction was made between dif-
ferent levels in the graduate sector. Therefore
master's and doctoral candidates were considered
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under the single term "graduates". Graduate
thesis supervision time was treated separately.

COST PER STAFF-CONTAGT 1101'R

The first step in deriving this factor was
to divide each department or faculty budget
between formal instruction, represented by staff-
contact hours, and informal instruction, repre-
sented by graduate supervision. Traditionally,
such allocations had been made from surveys of
the distribution of each faculty member's time.
This proved to be unsatisfactory, and so in lieu of
such an approach, a technique was adapted from
the Committee of Vice-Chancellors and Prin-
cipals in the United Kingdom.

Under this modified scheme, an implicit rela-
tionship was assumed between the cost of one
staff-contact hour and the supervision of one grad-
uate student (excluding formal classroom instruc-
tion) . For the purposes of thesis supervision and
research, each graduate student was identified
with a particular department.2 It was assumed
that each graduate student required a fixed num-
ber (K) of hours of annual supervision excluding
formal instruction. Thus, the total teaching load
of any one department could be expressed as the
sum of its total annual staff-contact hours, plus
the product of the K factor and the number of
graduate students supervised in that department.
This sum is referred to as the number of "teach-
ing equivalents".

To find the value of K for Ontario engineering
schools, a linear regression was established be-
tween teaching equivalents and the teaching
salary component of the budget for each of the
thirty-seven departments involved in the study.
These components were established by analyzing
the response to question 5b3 on the approximate
time distribution of faculty members. It was con-
cluded that an average of 70% of a faculty mem-
ber's time is devoted to teaching and supervision,
with the balance being spent on administrative
duties (15%) , consulting (10%) and profes-
sional and public service (5%) . Therefore, 70%
of academic salaries was used in the K-value
determination.

The best linear regression for the thirty-seven
points yielded a correlation coefficient of 0.98,
and a final value of K equal to 150 staff hours per
graduate student. (This corresponds to a weekly
average of 3 hours per student, for a 50-week
year.) This value of K was used to divide
each department's total budget between formal
,Undergraduate programs are not associated with one particular depart-
ment, because of cross-departmental teaching.

,See Appendix I.
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instruction and graduate supervision in the same
proportion as its contribution to the total depart-
mental teaching equivalent. The cost per staff-
contact hour was set equal to the portion of the
total departmental budget devoted to formal
instruction (including the department's share of
faculty office costs prorated among all depart-
ments within Engineering) divided by the total
staff-contact hours taught by the department to
all students.

Also, it vas necessary to develop the cost per
staff-contact hour for classes taught by other
faculties. This cost was assumed to be equal to
the over-all cost per staff-contact hour for Engi-
neering (the total instruction cost of all depart-
ments within Engineering, divided by the total
number of staff-contact hours taught by these
departments) multiplied by the quotient ob-
tained by dividing the student/staff ratio
for Engineering by this ratio for the whole
university.

The above procedure yields a tabulation of
instruction cost per staff-contact hour for each
department within Engineering, and for outside
faculties, in each of the universities.

CosTs STI !DENT

The two factors developed above must be
combined to yield unit costs (excluding univer-
sity overhead) . For undergraduate programs
every element of the staff-contact hour matrix
was multiplied by the appropriate departmental
instruction cost per staff-contact hour. The unit
costs were computed by adding the costs along
each horizontal row, and dividing the result by
the corresponding number of F.T.E. (full-time
equivalent) students in each program and year.

The same procedure was followed for graduate
programs to generate 'the instruction portion of
unit costs, to which must be added the graduate
supervision costs that portion of the total
departmental budget devoted to graduate super-
vision divided by the corresponding number of
F.T.E. graduate students. This sum yields unit
cost for each graduate program in each univer-
sity (excluding research grants) .

A compilation of research grants for 1969-70
(designated assisted research) was provided on a
departmental basis. They were divided by the
appropriate number of graduate students and
added to the above cost per graduate student to
yield a unit cost including assisted research. (For
Engineering, this money is derived principally
from the National Research Council.)

Finally, it was necessary to apply university



overhead to arrive at total unit costs. The per-
centages to be applied as overhead to the aca-
demic and research cost figures developed above
were derived from the UA-4 forms submitted by
each university to the Department of University
Affairs.

SOURCES OF ERROR

This method of computing unit costs involved
certain assumptions whose validity is open to
question. The most important assumption is the
one used in prorating the departmental budget
between instruction and graduate supervision:
that each graduate student absorbs a fixed num-
ber of staff hours for annual graduate super-
vision. The validity of this assumption was
tested by the dispersion of the final K-value
regression for the thirty-seven departments in
Ontario. The correlation coefficient was 0.98,
and over 80% of the points fell within an 18%
band about the regression line. Anomalies will
occur in some departments because of the mix-
ture of thesis and course-work master's degree
students, and variations in thesis supervision
practice.

A second assumption used in the K-value
determination was the portion of academic
salaries devoted to either instruction or graduate
supervision, assumed to be 70%. The portion
will vary among departments, and this figure was
chosen on the basis of the submissions without a
detailed time distribution study of university
staff in all the universities.

These two assumptions result in a calculated
percentage split of the departmental budget
between instruction and graduate supervision,
which was compared with the estimated value
provided by some universities. In general, the
calculated percentage devoted to graduate super-
vision was slightly higher than university esti-
mates, the average difference being 8%.

A third assumption was the use of student/
staff ratios to compute the contact hour costs
for departments outside Engineering. There
would appear to be few alternatives until a
similar cost study is conducted for all other
faculties. On the one hand, student/staff ratios
are often used for cost comparisons and were
readily available, but on the other hand they
reflect relative costs only when policies in regard
to teaching are the same throughout the entire
tin iversity.

A fourth assumption was the uniform division
of assisted research money among all graduate
students within a department. There are specific
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instances where its validity may be questioned,
but no reasonable alternative was apparent from
available data.

The final assumption was the method used to
distribute university overhead. This was added
to costs derived from departmental budget data
to arrive at final unit costs. It included costs of
library, student services, scholarships, bursaries,
administration, plant maintenance, general ex-
penditures and net deficit on ancillary enter-
prises, all expressed as a percentage of the unit
cost derived from academic costs and research
grants. Furthermore, other errors of omission
could have affected this final calculation, since
some of the overhead items in the UA-4 forms
often are credited to the departmental budget.
Soul:: universities did provide data on these addi-
tional costs, and these were removed from the
departmental budget.

The above assumptions create possible errors
in the costs per contact hour. Also errors will
enter into compilation of the staff-contact hours
per student, because the tabulations from
Tables 1 and 2 of the submissions could con-
tain errors and omit complete classes. If classes
given by staff in Engineering were omitted,
then only the distribution of costs among pro-
grams would be altered, and not the total costs
for each university. For example, undergraduate
thesis contact hours were not reported by all
universities. Therefore it was decided to omit
these hours from the undergraduate contact
hour matrix, so that undergraduate thesis costs
were distributed evenly over all teaching equi-
valents in Engineering, and hence relative
fourth-year costs may have been slightly reduced.

Classes given by staff outside Engineering and
omitted from the tabulation could not be
included in the total, and therefore were lost.
In some cases, the classes taught to graduate
students by staff from other faculties were
omitted, so that these final unit cost figures are
low.

POLICY VARIABLES

A principal purpose of the cost study was to
identify specific quantities that could be mea-
sured and then used to advantage in establishing
administrative practices and policies. These
quantities, or policy variables, can be derived
from the unit cost computation as described
above.

There are eight policy variables, and each can
be controlled within a limited range. These
variables combine in a direct way to yield unit
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cost, so that it is theoretically possible to blend
them in an optimum fashion, consistent with
fixed standards of quality, so as to minimize unit
cost.

In the development of total unit
contribution of each department to
instruction cost of any program can be
as the product of two factors:

staff-contact hours
devoted to the program

by the department
number orstudents in

the program

departmental instruction departmental instruction
cost per student = cost per staff-contact hour x

The cost per student for any year of a program
is the sum of all such costs incurred by each
department that is teaching classes in the pro-
gram. The first factor on the right-hand side of
the above expression is a departmental cost, and
can be averaged for all departments within the
faculty by weighting the cost of each in accor-
dance with its total staff-contact hour teaching
load to yield an Engineering faculty cost. The
other factor is a program variable, and can be
added for all departments within the faculty and
all programs in any year to yield a total for all
such classes taught within Engineering. The
product of these two factors is the Engineering
portion of unit cost for all classes in a given year.
For classes taught in any year of a program by

total departmental
teaching equivalents

K x

costs, the
the total

expressed

other faculties, their instruction costs are multi-
plied by the appropriate staff-contact hours per
student, and the unit costs so derived must be
added to those computed for Engineering.

INSTRUCTION COST PER STAFF-CONTACT HOUR

The departmental instruction cost per staff-
contact hour is equal to the portion of the
departmental budget devoted to formal instruc-
tion divided by the total number of instructional
contact hours taught by the department. The
formal instruction portion was obtained from
the K-factor analysis, where it was assumed that
the departmental budget was divided between
formal instruction and graduate supervision.

total departmental number of graduate students
contact hours + K x assigned to the department

total departmental
staff-contact hours
total departmental

teaching equivalents

number of graduate students
assigned to the department

total departmental
teaching equivalents

departmental
instruction

factor

graduate student
factor

Note that:

departmental uraduate student;-,

instruction + factor
factor

Then:

departmental instruction
cost per staff-contact

hour
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1.0

departmental
departmental budget x instruction factor

total departmental staff-contact hours

departmental budget
per F.T.E. staff member

total departmental staff-contact
hours per F.T.E. staff member

departmental
instruction

factor



Three policy variables now emerge:

1. Departmental budget per F.T.E. staff mem-
ber departmental salary load. (This ter-
minology is used because the major pro-
portion of departmental budgets is salary.)

faculty instruction
cost per staff-contact hour

where: faculty salary load

faculty instruction work load

faculty
instruction

factor

STAFF-CONTACT HOURS PER STUDENT

Two additional policy variables now are
introduced:

4. Faculty student load = yearly hours de-
voted by students in any program to classes
taught within the faculty.

.5. Faculty average class size measured as the
ratio of the number of students in any sec-
tion to the number of staff teaching the

faculty average class size

so that
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2. Total departmental contact hours per
F.T.E. staff member =-- departmental
instruction work load.

3. The departmental instruction factor.
These variables can be averaged for all depart-
ments within the faculty to yield:

faculty salary load
faculty instruction

work load

faculty
X instruction

factor

faculty budget per F.T.E. staff member

=_ total faculty staff-contact hours
per F.T.E. staff member

total faculty
staff-contact hours

total faculty
teaching equivalents

section, but averaged over all classes given
within the faculty. For example, in a lec-
ture section of 100 students, the class size
would be 100; whereas in a iaboratory sec-
tion of 100 students with ten instructors,
the average class size would be ten. (The
average class size can be regarded as the
average student/staff ratio in all classes
taught in the faculty for any year of a
program.)

For faculty classes in any program:

average yearly class
hours per student X

faculty staff-contact hours

faculty
staff-contact hours

per student

This expression applies only to classes taught
within the faculty, but an identical equation can
be derived for classes taught by other faculties
where the student load and average class size
then would apply to the latter classes.

number of
students

faculty
student load

faculty average
class size

COST PER STUDENT

Within the faculty, the unit cost of a program
is:

faculty cost faculty instruction
per student = cost per staff-contact hour

faculty
x staff-contact

hours per student
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Since the unit costs of other faculties were a mul-
tiple of these costs for Engineering ( using rela-
tive student/staff ratios) , when the staff-contact

average cost per student 0C

where:

student load =

faculty salary
load

hours per student for all faculties are added to-
gether, the total cost per student is roughly pro-
portional4 to this expression. Thus

faculty
x instruction x student load

factor
faculty instruction

yearly hours devoted by stu-
dents to classes taught by all
faculties averaged over all en-
gineering programs in any
one year.

average class size = the ratio of the number of
students in any section to
the number of staff teach-
ing the section, for classes
taught by all faculties aver-
aged over all engineering
programs in any one year.

The expression employs five policy variables, and
can he used as a management tool to control the
costs of undergraduate programs. The definitions
for student load and average class size can be
restricted to specific programs, or expanded to
cover all years in all programs. Also, salary load,
instruction work load and the instruction factor
ran he examined at the departmental level.

For graduate programs, three components of
unit cost were computed: instruction, graduate
supervision and assisted research. The factors
affecting instruction costs are similar to those for
undergraduate programs, except that it is not pos-
sible to define a student load since both master's
and doctoral programs were combined, and
course work for these programs normally is not
structured. Instruction contact hours per student
vary directly with the number of instruction
hours taken by each student, and inversely with
the class size. Whereas class size can he measured
readily, it would take an immense amount of
effort to establish the instructional hours taken
by each student, because it would be necessary
to identify the classes taken by each graduate
student. For this reason, no attempt was made to
analyze graduate student instruction costs. Fur-
thermore, the instruction costs for graduate stu-
dents were only a small proportion of their total
costs (5.5% average in Ontario) .

Graduate supervision costs vary directly with
the graduate student factor defined above, and
130

x average class
work load size

on the average, represent 55% of total graduate
student costs in Ontario. The balance consists of
assisted research and university overhead.

In all programs, the final result was obtained
by adding university overhead costs, expressed
as a percentage of costs derived from faculty and
departmental operating budgets, and assisted
research. This is called the "university overhead
factor", and constitutes another policy variable.

Table H-1 is a summary of the policy varf-
ables affecting unit costs for both undergraduate
and graduate students. The total unit cost for
undergraduates, where programs were aggre-
gated by year in each university, varies over a
range of :7:1. Only the average class size has a
variation in this same range; all of the other
policy variables span a range of lesser magni-
tude. For this reason, a regression was attempted
in order to relate undergraduate total unit cost
and average class size. This is shown in Figure
H-1, where, as expected, the least-squares fit is
a hyperbola. The correlation coefficient of the
linear transform was 0.89, and a total of thirty-
nine points were used, corresponding to each
undergraduate year taught during 1969-70 in
the eleven universities. A multip1,- regression to
relate all of the policy variables to total unit
cost was not attempted.

The second most significant policy variable
was the faculty instruction factor, which varied
over a range of 4:1. This factor defines the rela-
tive emphasis placed on instruction as opposed
to graduate supervision, and becomes most
important when comparing the relative costs of
graduate and undergraduate studies in any
university.

Next were the faculty salary load and faculty
instruction work load variables, each spanning
a range of about 3:1. Both of these variables
depend on the number of F.T.E. staff within
Engineering, and errors could have been intro-
duced in the way they were reported by each
university and counted for the purposes of this
study. Fortunately, this counting does not affect
*The exact relationship is developed in CPUO Report 70-3.



unit cost calculations, since the number of
F.T.E. staff cancel in the division of these two
factors. The remaining policy variables, univer-
sity overhead factor and student load, swing
over a range of about 2:1, and so were the least
influential.

It should be noted that student load and
instruction work load are not entirely indepen-
dent. For example, if the academic year was
extended by an extra week, both policy variables
would increase in equal proportion. On the
other hand, should extra classes be added to the
student load, then the instruction work load
may or may not increase; the extra staff load
could be accommodated either by adding more
staff or by increasing the work load of the exist-
ing staff.

The dominant impact on graduate student
costs, excluding assisted research, was the gradu-
ate student factor. This resulted from the K-
factor analysis which concluded that each gradu-
ate student used 150 staff hours per yearan aver-
age for all the engineering schools in Ontario.
Where there is a relatively large number of
course-work master's students, compared to thesis
master's and doctoral students, unit costs would
be disproportionately high. The reverse may
be true where graduate thesis students pre-
dominate.

Assisted research accounts for about 40% of
the total unit costs for graduate students and
includes income from many sources. This addi-
tional cost would apply only to thesis students.
It is an external policy variable, principally
under the control of the National Research
Council, which provides the major source of
funds in response to proposals for research
grants from the universities.

Policy variables can be used as a tool to con-
trol unit costs. Such control may be exercised at
any or all of the three levels university, faculty
and department.

(1) Salary load Since the major portion of a
departmental budget is salaries, this quan-
tity reflects the mixture of senior and junior
staff in the department. Generally, it in-
creases with the age of the school as more
staff achieve the rank of associate or full
professor. However, within limits, a degree
of control can be applied that is consistent
with good instruction. For example, the use
of part-time teaching staff from the profes-
sion should influence the factor in a down-
ward direction.

(2) Instruction work load It is recognized
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that there is only limited control of this
variable because of tradition and normal
university practices. The use of junior and
part-time teaching staff, again as consistent
with good instruction, tends to increase this
variable, and thus to lower unit costs.

(3) Instruction factor This factor, with its
complement, the graduate student factor,
establishes the relative emphasis between
undergraduate and graduate studies. A low
instruction factor shifts the expenditure to
the graduate school, and requires a value
judgment to make such a split. The instruc-
tion factor decreases as the number of grad-
uate students increases, and the result is
that fewer hours can be devoted to instruc-
tion for a fixed total staff work load. This
creates a need to reduce the number of sec-
tions, and so the final result is larger class
sizes usually in the first and possibly the
second year. Again, the policy variables
reveal some interdependency.

(4) Student load This quantity exhibits the
least amount of variation. Each engineering
program would tend to involve students in
comparable class instruction times, because
of traditions and accreditation require-
ments. Some of the variation may he
accounted for by differences in the number
of weeks in the academic year among the
universities. Any adjustment of this variable
must result from a value judgment related
to the number of hours a student should
spend in class as opposed to other activities.

Average class size This is the most impor-
tant policy variable and is influenced by
two major factors: sectioning policy in the
first and second years, and class prolifera-
tion in the third and fourth years, result-
ing from program expansion and the
increasing number of elective classes. In
both instances, a value judgment is neces-
sary to establish reasonable upper and lower
limits. The use of the average class size
concept provides a quantitative basis for
assessing the impact of basic sectioning and
elective policies on unit costs.

University overhead factorIt was assumed
that this factor is beyond the direct control
of the engineering staff.

Graduate student factor This is the com-
plement of the instruction factor, and has
been covered under (3) above.

Assisted research load In general, assisted
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research makes graduate programs possible.
Therefore, this factor is of crucia; impor-
tance not for its effect on unit costs, but for
its influence on engineering graduate studies.
This matter is dealt with in some depth in
Chapters 4 and 5 of this report.

The above policy variables give some insight
into the influence of policies and practices on

costs. What they do not give is an indica-
tion of quality. It is always possible to minimize
unit costs, and the art of good management is to
do so without adversely affecting quality. Thus,
the elasticity of quality with each of these policy
variables becomes a value judgment for each

iversity.

COST AND SIZE

Table H-2 is a summary of average total unit
costs by discipline and year, weighted by the
appropriate number of students. For this reason,
these averages represent true costs as opposed to
the averages in Table H-1, Miele each univer-
sity was given equal weight for the purpose of
developing the policy variables.

In general, in any program unit, costs in-
creased with the year, principally because of the
decrease in average class size in the later years,
as illustrated in Table H-3. This reduction in
class size is caused by decreasing enrolments due
to attrition and the proliferation of optional
classes in many programs, particularly in the
third and fourth year.

Table 11-3
Undergraduate

Year
Average Class Size

(Ontario)

54.5

Number of
Students in Sample

2,621
2 34.3 2,450
3 21.3 1,709
4 19.9 1,446

All 32.0 8,226

One important product of the cost study was
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the effect of engineering school size on unit costs.
Figure H-2 is a cost-size comparison, and shows
how the unit cost varied with the number of
students in undergraduate programs (eleven
universities) It is difficult to draw firm conclu-
sions with such a small number of points, but
a trend appears to emerge: the curve exhibits a
minimum band between 600 and 1,300 under-
graduate students. Below this band, classes are
small because they are student-limited. Within
the band, classes reach a critical size, where sec-
tioning becomes necessary. Beyond the band,
sectioning policy is the main determinant, and
as the school becomes very large, there appears
to be a tendency to section into smaller classes.
In the larger schools, more elective classes are
offered in the third and fourth year and this
tends to keep average class size down even
though total student numbers are relatively
large.

From Table H-2, it is possible to estimate very
roughly the expenditure required for an engi-
neering degree. A crude attrition model is
assumed as follows: 75% second-year survival
from first year, 85% third-year survival from
second year, 90% fourth-year survival from
third year and 95% degree survival from fourth
year. A conditional probability calculation was
carried out using this model for the class of
1970. In round numbers, the expenditure to pro-
duce a graduate engineer in 1970 was about
$8,000. provided the structure developed in the
cost study did not alter appreciably over the
previous three years.

If attrition and discount are neglected for
graduate students, the additional expenditure
for a master's degree achieved in one year after
the bachelor's degree was $8,190 (a total of
about $16,000) . For a Ph.D. achieved in four
years after the bachelor's degree, there was an
additional expenditure of $33,000 (a total of
$41,000), excluding assisted research, or an addi-
tional expenditure of $54,000 (a total of
$62,000) , including assisted research.



Figure 11-1 AVERAGE CLASS SIZE COST REGRESSION
ONTARIO ENGINEERING UNDERGRADUATE CLASSES 1969-70
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Appendix II
Table 1-1.1

POLICY %/A It 'AISLES - N I VERS1TV A V ERAG ES

1969-70

No. Policy Variable
Affects

Unit Colts Unit,
Averaged

Over Year
°Mar io
Average Maximum Minimum

Maximum
lkiinimum

I. Faculty I)irectly per 11 All 25,845 39,040 15,000 2.6
Salary Logo) F.'F.F. staff Universities

2. Facility
Instrui lion

Inversely (;(cotta( t I lotus
per F.T.F stall

11 All
'niversities

293. :U1 495.89 157.71 3.1

11'ork Load

3. 1'u idly Directly '171 All 39 59 15 3.9Instrui don Dept mien ts
Fa( tor

4. Student !mad 1)itect(y Student flours 11 Univ.2 1 734 819 637 1.3
per Year 10 I Tniv. 11 652 736 514 1.4

9 Univ. III 673 7(19 583 1 3
9 Univ. IV (191 801 574 1.4

11 Univ. All 689 819 514 1.6
5. Average Inversely No. of Students I I Univ. 51 116.4 25.9 4.5

CLISS Sue per Instructor I I Univ. II 32.8 (13.8 7.5 8.5
in Class 9 I Tniv. III 21.3 3(1.5 12.9 2.8

0 Univ. IV 19.9 31.8 10 3.2
I I I Tniv. All 32.3 116.4 7.5 L5.5

6. University I)iret tly I I I 'niv. All 30 38 21 1.8()verbead Factor

Total Unit $ per 11 Univ. 1,110 1,960 360 5.4Cost I titter- Student 10 Univ. II 1,670 6,080 700 8.7
gradtta te 9 I Tniv. III 2,140 3,360 1,170 2.9

9 Univ. IV 2,450 4,020 1,080 :3.7
II Univ. All 1,820 6,080 360 16.9

7. Graduate 1)ire( tly 37 All 70 79 62 1.3Student Departments
Factor

Total Unit Instruction $ per 37 All 1,090 2,410 90 26.8
Graduate Graduate St it lent Departments All 9,460 14,860 3,860 3.8Excluding
Assisted

Super-
vision

Research Total All 10,550 17,000 4,370 3.9
8. Ai;ited Directly $ per 35 All (1,350 20,420 1,600 12.8

Research Student Departments
Total Unit $ per 35 All 16,900 35,290 8,100 4.4Cost- Student Departments
Graduate
Includim;
Assisted
Research

'37 departments had graduate students in 196940.
.0t II ur iveffilleb one offered years 1 and 11 only, and one offered /tat I only.
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Table H-2
UNIT COSTS BY DISCIPLINE, YEAR AND NUMBER OF STUDENTS

1969-70

Program Year
No of F.T.E.

Students
Ontario
Average Maximum Minimum

Maximum
Minimum

Chemical I 444 $ 920 $ 1,740 5 360 4.8
Engineering II 383 1,200 5,490 510 10.0

III 228 2,800 4,660 990 4.7
IV 237 2,100 8,840 1,230 7.2
All 1,292 1,550 8,840 360 24.6

Graduate - excluding All 9,190 14,730 5,760 2.6
assisted research 320
- including assisted
research

All 15,740 20,800 11,440 1.8

Civil I 495 1,090 1,740 360 4.8
Engineering II 505 1,500 5,980 980 6.1

III 339 1,450 2,780 750 3.7
IV 243 2,040 6,310 840 7.5
All 1,382 1,440 6,310 360 17.5

Graduate - excluding
assisted research All 376 8,850 14,350 6,680 2.1

- including
assisted research All 14,110 ':3,120 9,820 2.4

Electrical I 540 1,060 1,430 360 4.0
Engineering II 560 1,010 1,500 700 2.1

HI 392 1,380 4,029 1,200 3.4
IV 317 1,660 4,150 890 4.7

All 1,809 1,220 4,150 360 11.5

Graduate - excluding
assisted research All 8,150 13,700 4,370 3.1

- including 413
assisted research All 12,180 19,510 8,800 2.2

Mechanical I 529 1,050 1,430 360 4.0
Engineering II 549 1,250 1,700 530 3.2

III 366 2,010 3,320 940 3.5
IV 322 1,800 6,020 1,000 6.0
All 1,766 1,450 6,020 360 16.7

Graduate - excluding
assiited research All 9,410 15,270 6,400 2.4

- including 273
assisted research All 14,190 15,780 9,910 1.6

Metallurgical and I 61 930 1,430 360 4.0
Materials II 61 1,520 2,560 880 2.9
Engineering III 33 3,940 6,120 210 29.1

IV 38 6,850 14,460 4,470 3.2
All 193 2,800 14,460 210 68.9

Graduate - excluding
assisted research All 10,450 17,000 7,190 2.4

- including 100
assisted research All 21,780 35,290 15,180 2.3

All Engineering I 2,621 1,030 1,960 360 5.4
Programs II 2,450 1,270 18,760 530 35.4

III 1,709 1,850 6,120 210 29.1
IV 1,446 2,040 14,460 840 17.2
All 8,226 1,450 18,760 210 89.3

Graduate - excluding
assisted research All 8,190 17,000 4,370 3.9

- including 2,089
assisted research All 10,315 13,460 35,290 8,100 4.4
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APPENDIX I
QUESTIONNAIRE SENT TO ONTARIO

FACULTIES OF ENGINEERING
PART A FACTUAL DATA

1. GENERAL.

Please state as concisely as possible your major
goals and objectives in engineering education at
your university.

In addition, it would be helpful to include
your response to the CIJA request of October
1968 calling for goals and requirements to 1975
which was sent to all Ontario universities.

2. CURRICULUM DATA

For the purpose of this question, the follow-
ing definitions arc arbitrarily stated:

Class a subject given under a single title for
a single term. (Lectures and/or laboratory
and tutorial) . Classes may be divided into
Sections for teaching convenience.

Course or Undergraduate Program a com-
pilation of classes leading to the bachelor's
degree.

Graduate Program a body of work, includ-
ing classes leading to a postgraduate degree.
Option a prescribed group of classes within

an undergraduate program.

a) Undergraduate

i) Classes available and class sizes: this ques-
tion is intended to confirm data available from
the Calendar, together with quantitative data
needed for size considerations. Figure 1 is a
generalized layout for undergraduate courses.
Please create such a diagram for your faculty,
showing years and appropriate blocks corres-
ponding to the required and elective classes for
each undergraduate year. Each block should be
numbered or coded for use in filling out Table
I.

ii) Table I is intended to be a comprehensive
listing of undergraduate classes in which engi-
neering students are enrolled in your university.
It will reyeal data on class sizes, teaching load,
cross - faculty loading and enrolment trends. It
is designed in such a way that it should be uni-
versal, and the data should be in a form that is
immediately useful to this study.

Explanatory notes are appended to the Table,
and an example is presented for a rather com-
plex case to bring out most of the detail in a
form that is expected.

iii) Please list those engineering undergradu-
ate elective classes offered in your Calendar for
which there is zero enrolment for the 1969-70
academic year.

iv) Undergraduate Curriculum Committee
a) Please describe the organizatioal struc-

ture of this committee, its membership, and its
terms of reference.

b) What are the processes whereby changes
are ultimately introduced into your curriculum?

c) What resources does this committee have
at its disposal?

d) Have you developed a "product descrip-
tion" or specification for your curriculum? If so,
please include in your response.

e) Have you developed formal criteria for
evaluating proposed curriculum changes? If so,
please include in your response.

f) Please describe recent activities of this
committee and any planned future changes or de-
velopments in your undergraduate curriculum.

v) What influences have there been on your
curriculum of any recent changes in attitude of
other departments providing only service to
engineering students?

vi) How has the local community influenced
your engineering curriculum?

vii) Have the CAATS had any influence in
your recent curriculum planning? If so, please
state.

viii) Are you contemplating or currcntly
involved with any inter-university class or course
activity? If so, please state.

ix) Do you offer part-time studies, leading
to a bachelor's degree? If so, please state &tails
and number of such students in the 1969-70
academic year.

b) Graduate
i) Please list graduate programs and degree

offerings in engineering, including OCGS apprai-
sal status. Include any new graduate programs
being planned, or in development, that would be
subject to appraisal.

ii) Please construct Table 2, Graduate Classes
1969-70, using the same format as Table I but
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omitting Column 1. Include in this table all
classes given by staff of the Engineering Faculty
administrative unit, and those classes taken by
students enrolled for a graduate degree in engi-
neering outside of the Engineering Faculty admi-
nistrative unit.

For graduate theses, list degrees separately (i.e.
M.A.Sc., M.Eng., Ph.D., etc.) and use the Tuto-
rial heading in Columns (7) , (8) and (9) . It is
recognized that the contact and staff hours, in
Cohnuns (8) and (9) respectively will be esti-
mated averages only; an indication of the spread
in these columns should be included under Re-
marks, Column (11) .

iii) Please list those graduate elective classes
given by the staff of the Engineering Faculty
administrative unit, offered in your Calendar
for which there is zero enrolment for the 1969-70
academic year.

iv) In addition to the faculty loading related
to formal classes and theses shown in Table 2,
most graduate students consume further informal
contact time of the engineering faculty. Please
estimate this additional time ipterms of hours per
academic year (1969-70) per graduate student for
each engineering graduate degree offered.

v) Please describe any inter- and intra-faculty
and inter-university graduate programs in exis-
tence or planned, whether subject to OCGS
appraisal or not.

vi) Please state the residency requirements
in each of your engineering graduate programs.
Include in your response any off-campus or
cooperative programs.

vii) Please describe the formal and informal
relationships that exist between the Faculty

of Engineering and the Faculty of Graduate
Studies. Where and how do they intersect ad-
ministratively, and how is the control of specific
classes and programs effected? In graduate pro-
grams, how do Department Heads relate to:

a) The Dean of Engineering?

b) The Dean of Graduate Studies?

vii) Do you offer an engineering Master's
degree program which does not require a thesis
or design project? If so, what percentage of
students elect such a program in recent years?
Are these primarily part-time students?

3. ENROLMENT DATA

a) Please list undergraduate and graduate enrol-
ment figures by program on an academic
year-by-year basis, for the past ten years.
For each year the enrolment figures should
apply at the December 1st date. Please use
the format of Table 3. List special and inter-
disciplinary degrees separately in the first
column, where practical.

b) Please display your enrolment projections
both undergraduate and graduate, in the
form normally presented, and describe the
method used. How accurate have these pro-
jections been in the past? Could you indicate
this accuracy by comparing your past pro-
jections with the data in Table 3? What will
be the influence of the CAATs?

c) With respect to your enrolment for the 1969-
70 academic year specify the number of
additional students you could accommodate
in each undergraduate year and all graduate
years without adding either more staff, space
or equipment.

Table 1
UNDERGRADUATE CLASSES 1969-70

Given to
Block Given by Students
Codes Class Class Staff of No. of of the

(R or E) No. Title the Dept. of Sections Dept. of

Number Total
of students annual con- Total annual
from each tact hours staff hours

Department per student per section
Lect. Lab. Tut. Lect, Lab. Tut. Lect. Lab. Tut.

Trends in total
No. of stuuents
in recent years

Rising Stable Deer. Remarks

(1) (2) (3) (4) (73 (6) (7) (8) (9) (10) (11)

3 - R 101 Org. Chem. 2 Chem. 38 38 3 30 90 60 30 360 60 t« Physics students
7 - E Chem. Eng. Eng. 15 15 entering this

Chein. 3 3 class first time
Physics 10 10 this year as an
Mater. elective.
Eng.

Notes on example: Organic Chemistry 101 Is required in Chemical Engineering, but is an elective in Materials Engineering shown as Blocks 3 and 7 (for
example) ,n your diagram. Students from the Departments of Chemistry and Physics are also enrolled in this tours.: which is given
in two sections. The Physics students are also given a tutorial. On the assumption that the class is given for 30 weeks, each student
receives one hour lecture and three hours laboratory, with Physics students receiving an extra two hours tutorial per week. There is
one lecturer and one member of staff giving the tutorial, but four staff members supervise the laboratory.
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UNIVERSITY ENTRANCE

TIME (YEARS)

BACHELOR GRADUATION

ENGINEERING COMMON
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11 REQUIRED CLASSES

ELECTIVE COURSES

ELECTIVE OPTIONS

Figure 1-1 UNDERGRADUATE COURSE LAYOUT FOR
ENGINEERING STUDENTS
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NOTES ON TABLE 1

(1) In your undergraduate curriculum dia-
gram (Fig. 1) you have designated a code
for each block. Please enter the applicable
Block Codes for each class, and indicate
whether or not it is a required or elective
class (R or E) .

(2) Enter the Class Number you normally use
in your Calendar.

Enter the Class Title you normally use in
your Calendar.

(4) Include all Departments within the Engi-
neering Faculty administrative unit to-
gether with classes of other Departments
outside of the Engineering Faculty admin-
istrative unit in which engineering students
are enrolled for the 1969-70 academic
year. Classes should also be included that
are given by members of the Engineering
Faculty administrative unit where enrol-
ment is entirely composed of non-engi-
neering students.

Number of Sections is the number of sub-
divisions of the class irrespective of the
Department of origin of the students.
This column covers the Department
wherein the students are normally reps-
tc.red. For students not registered in a
specific Department (such as first year
students in most universities) state which
faculty only.

The number of students from each Depart-
ment (or Faculty) should be shown oppo-
site the relevant unit in column (6) ,
under lecture, laboratory or tutorial
whichever the case may be.

This can be obtained by multiplying the
number of hours per week for each stu-
dent by the total number of weeks that
the class is given for the academic year
1969-70.

This can be obtained by multiplying the
total annual contact hours per student
(Column (8)) by the number of staff
utilized per section from the Department
indicated in Column (4) .

(10) These columns are intended to give an
indication of enrolment trends and any

(11) unusual features related to 1969-70 enrol-
ments in each class. Also in Column (11) ,
state any unusual expense items that may
be associated with this class if they are
significant. In multiple-section classes, also

(3)

(5)

(6)

(7)

(8)

(9)

140

indicate when any section contains less
flan 10 students in Column (11) together
with any other remarks related to section-
ing policy.

Table 3
ENGINEERING ENROLMENTS

1960-61
PROGRAM F.T. TOT. F.T.E

CIVIL
ENGINEERING
Undergraduate Yr. 1

2
3
4

Graduate Yr. 1

2
3
4

Beyond 4

Total Bachelor's
B.A.Sc.

Degrees Awarded

Total Master's
M.A.Sc.

Degrees Awarded
M.Eng.

Total Doctoral
Degrees Awarded

Ph.D.

CHEMICAL
ENGINEERING

etc.

F.T. Full-time students
TOT. Total full-time plus part-time students
F.T.E. Full-time equivalent students

d) What are your admission requirements,
quota and other regulatory mechanisms for
entrance into engineering from:

i) Secondary schools (by province and
country) ,

ii) CAATs and CEGEPs,
iii) Other universities ( undergraduate and

graduate studies) ?

e) Please describe your guidance counselling
activities with 'the high schools, CAATs and
CEGEPs. How do these activities relate to
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guidance procedures of other faculties, and
how are they funded?

f) How many new CAAT and CEGEP gradu-
ates are enrolled this year (1969-70) ?

4. RESEARCH AND SPECIAL. GRADUATE
PROGRAMS

a) Describe the operation of any disciplinary or
interdisciplinary research institutes in which
members of the Engineering Faculty parti-
cipate. Please indicate history, size and
resources. Also include any such institutes
now in the planning stage.

b) Describe any research or special graduate
study programs with:
i) Other universities,
ii) Government departments (both federal

and provincial) ,

iii) Industry,
c) What is the influence of the local community

on research programs? More specifically, de-
fine the kinds of interaction between your
faculty and industry ( )r government) in
terms of:
i) Exchange of staff.
ii) Provision of consulting services,
iii) Entrepreneurial involvement,
iv) Other.

d) Define the areas of research in each depart-
ment (and interdepartmental) that represent
your major foci of effort. For each focus give
the following data:
i) The number and names of professorial

staff actively woi king together in the
focal area (no staff member should be
assigned to more than one focal area) .

ii) The F.T.E. number of graduate stu-
dents. post-doctoral fellows and techni-
cians associated with the focal area in
1969-70.

iii) The number of graduate degrees by cate-
gory (master's, doctorates, etc.) granted
in the focal area in 1967-68 and in 1968-
69.

iv) The number of refereed publications by
the group for the focal area in 1967-
68 and 1969-70. Give typical recent
examples.

v) The total research support in dollars per
annum for the focal area (exclusive of
university sources) for 1967-68, 1968-69
and 1969-70.

vi) The number of patent applications for
each focal area in 1967-68, 1968-69 and
1969-70.

vii) The intensity of involvement of the staff

Appendix I

group with industry and government in
the focal area (reference (c) above) . To
calibrate this, assume each staff member
has available one-half day a week out of
five days to engage in outside activities.
What fraction of this time resource of
the group is so committed?

e) Define the extent of the research activity of
your faculty which rests on the activity of
individuals not included above.

f) To what extent are engineering research pro-
grams in your faculty part of larger regional
or national projects?

5. TEACHING AND RESEARCH STAFF
DATA

a) Please complete Table 4 for all members of
staff included in the Engineering Faculty
administrative unit.

b) Please provide the results of any surveys con-
ducted on the time distribution of faculty
members.

c) What amount of time do you feel is appro-
priate for the time of staff involved in service
outside of university business under the
headings:
i) Professional?

ii) Conununity?

What amount of time is currently committed
by your staff in these areas?

d) What are your policies concerning the
consulting activities of staff and faculty
consulting groups? Describe your enforce-
ment techniques.

e) What are your sabbatical policies?

f) Please list details about staff who also hold
outside positions of responsibility in indus-
try and government.

For the past ten years, list for each year the
following ratios for the Engineering Faculty
administrative unit: (show both numerator,
denominator and ratio in your response) .
i) Total undergraduate teaching staff/total

number of bachelor's degrees awarded.
ii) Total undergraduate teaching staff/total

undergraduate enrolment as of Decem-
ber 1.

iii) Total graduate teaching staff/total num-
ber of master's degrees awarded.

iv) Total graduate teaching staff/total num-
ber of doctoral degrees awarded.

g)

ass
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Dept.

(1)

Number of Years Last Degree
M Name

Name of Field of Profess. Present of Year
Staff Member F.T.E. Title Specialization Practice Teaching P.D.F. Univ. DcgreeObtained Univ.

(2) (3) (4)

Notes on Table 4

(5) (6) (7) (8) (9) (1.0) (11) (12)

Table 4
TEACHING AND RESEARCH STAFE DATA 1969-70

Year
of

Birth

(13)

Birth-
place

(14)

Year
Obtained
Landed

Immigrant
Status P. Eng.

(15) (16)

The department to which staff member is attached at yodel. university 1969-70.
Surname, first name and initial of staff member.
Full-time equivalent of staff member use your own definition for this (e.g. for half-time mem-
ber, enter 0.50; for full -time member, enter 1.00) .

Title refers to Dean, Vice Dean, Professor, Assoc. Professor, Asst. Professor, Adjunct Professor,
Visiting Professor, Lecturer, Sessional Lecturer, Instructor, or other (please specify) .

Field of Specialization refers to specialty within his branch of engineering (e.g. "control sys-
tems" within Elect. Eng.) .

Number of Years of Professional Practice (industry or other) , not including academic or teaching
experience.
Number of Years of Academic Teaching, not including graduate study years unless these include
time as an instructor or lecturer where he was responsible for one or more classes.
Numnber of Years as a post-doctoral fellow where applicable.
Numnber of Years on staff of present university (irrespective of rank or title) .

Name of highest degree obtained.
The year in which this degree was obtained.
The university at which this degree was obtained if outside of Canada, include country.

, (14) are self-explanatory.
Where applicable, the year that the staff member obtained his landed immigrant status in Canada.
State whether or not the staff member is a P.Eng. (yes or no) .

h) What are your patent policies with respect to
inventions of university staff and students?

i) What are your policies in respect to the use of
university laboratories by staff for consulting
purposes?

6. STUDENTS DATA

a) Please complete Table 5 for the five years shown,
or for as many years as records are available.
(The last row in this Table is intended to give

an indication of the number of students whose
parents or guardians are taxpayers in Ontario) .

b) For the 1969-70 academic year students who are
landed immigrants, as shown in Table 5, how
many became landed immigrants after first regis-
tration with the university. Show this as the
number of such students in each undergraduate
year, and all years for graduate students.

c) Please provide any recent reports or statistics on
student placement services for engineers in your
university. Include any remarks you would care
to make concerning the placement of graduate
students, particularly Ph.D.'s.
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d) What techniques do you apply to trace the career
histories of your graduates? Please be specific,
and include any summary reports in your
response.

e) How do you guide students selecting their elec-
tive courses, options and classes? What form of
career counselling do you provide?

f) Describe the student engineering societies on
your campus; provide a list of such societies and
their major activities.

g) Please indicate the percentage of your full-time
engineering graduate students who receive sup-
port during the 1969-70 academic year as follows:

Federal government
Provincial government
(direct) :

University:
Other agency:
No support:

io

100.0%



Table 5
STUDENTS DATA

1965-66

Undergrad

1 2 3 4 Tot.

Male
Sex

Female

Canadian
Citizenship U.S.

Commonwealth
Other

Landed Immigrants

Ont.
Secondary Que.
School B.C.
Education Prairies

Maritimes
U.S.

Commonwealth
Other

Number Eligible for
Ontario Student Loan

All
Yrs.

7. CONTINUING EDUCATION

a) Do you offer classes in continuing engineering
education; if so, what are your basic policies,
goals and objectives? Are these classes offered
through the Extension Department; if so,
what are the formal and informal relation-
ships between that Department and the Fac-
ulty of Engineering?

b) Please list your class, course and pro-
gram offerings (including certificates and
diplomas) .

c) Enrollment statistics: Provide these in a form
most convenient for your university, for the
current year only but indicate any trends that
are significant.

d) How do you allocate resources to continuing
engineering education? Give an indication of
costs and sources of funds, and the percentage
of these costs covered by the normal faculty
operating budget.

e) How do you cooperate with industry, govern-
ment and the professional societies in continu-
ing engineering education?

f) What methods of programming do you use
(early morning, evening, weekends, etc.) ?

What methods of class presentation do youg)

/5?
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use (CCTV, CATV, talk-back TV, audio-
visual, etc.)

8. FACILITIES AND COSTS

a) Provide a brief description of major research
facilities used by engineering students and
staff ("Major facilities" is i*ended to mean
those facilities which you consider major
no specific dollar value is intended) .

b) What facilities do you currently share with
other universities?

c) Please provide equipment replacement costs
(Inventory as of January 1, 1970) under the
following headings:
i) Teaching,
ii) Research,
iii) Both teaching and research.

(Note: A separate cost study is being conducted,
so that further cost data are not being collected
here.)

PART B OPINION
The following questions are an open list calling

for expressions of opinion in certain key areas of
the Engineering Study. They are intended only as
a guide to manoeuvre the briefs from each Uni-
versity towards common problems. They are
based primarily on the original CODE document,
dated November 1, 1968.
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Please indicate whose opinion is being
presented.

c)

d)

e)

f)

g)

h)

What is your definition of engineering?
What responsibility should the engineer-
ing schools assume for continuing educa-
tion?

Do you have any facts or opinions on the
job-creating ability of engineers in the
economy? How can this be measured
quantitatively?

In your opinion, is there a meaningful way
to predict manapower demands for engi-
neers? How would you go about it? How
many years ahead is practical?

How should proper allowance be made for
business, applied arts and humanities in
engineering curricula? Indicate your opin-
ion as to their relative degree of impor-
tance in respect to engineering, science
and technical subjects.

Is the entrepreneur a product of an educa-
tional experience, or are other factors of
greater significance?

What role should women play in the
profession?

What is your feeling about the relative
importance and relevance of course-work
"professional" master's and doctoral
programs vs. research-oriented graduate
work?

i) What is your reaction to the heavy empha-
sis now growing in the U.S. on computer-
aided design? Should this be stressed more
in Canadian schools what are the pros
and cons?
Aside from the effects on enrolment,
CAAT graduates will likely alter the
future role of the engineer. Would you
estimate how these relative roles will
rationalize, and the impact this may have
on future engineering curricula?

k) It has been suggested that the output of a
university is far more sensitive to the
input than to the curriculum. If this is so,
then screening techniques on entrants to
university becomes a strong measure of
output quality, and possibly more im-
portant than curriculum considerations.
Would you comment on this statement?

2. ENGINEERING IN THE
UNIVERSITY

a) Should engineering schools be part of a

j)
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university, or are there good reasons to
establish separate polytechnical institutes?

b) Should engineering be altered to be closer
to a liberal education in undergraduate
years?

c) Should engineering subjects be offered to
liberal arts students?

d) In your opinion, is there a meaningful
way to predict manpower demands for
engineers? How would you go about it?
How many years ahead is practical?

e) Is there a case for using seasoned engineers
as laboratory assistants and demonstrators
instead of graduate students so that stu-
dents have a greater opportunity to "brush
with the real world"?

S. DEVELOPMENT OF ENGINEERING
EDUCATION SYSTEM IN ONTARIO

a) Do you believe the present APEO accredi-
tation system is meaningful?

b) Could you suggest possible alternative
means of accreditation which would en-
sure adequacy from a professional view-
point, and yet provide sufficient scope for
individuality, diversity and local com-
munity needs?

c) What are your views on the coopera-
tive system and its applicability to your
university?

d) Are there too many engineering schools
in Ontario?

e) What is the probable trend of engineering
enrolments and will the population of
Ontario schools remain fairly level?

f) In your opinion what is the minimum size
for an engineering school to be viable?
What are your criteria for setting this
minimum size?

Do you believe it is practical to collabo-
rate and rationalize engineering education
among the universities in Ontario?

h) How do you feel about sharing facilities,
staff and other resources with other uni-
versities is this really practical?

i) Is there merit in collaborating with the
CAATs in joint university/college pro-
grams (e.g. air pollution studies now
being developed by Western and Fan-
shawe) ?

g)



j) Do you believe that the classical subdivi-
sions of engineering are now relevant?
What alternatives would you propose?

k) Do you believe there is a case for a com-
mon undergraduate curriculum leading to
a general bachelor's degree in Engineer-
ing, with specialization during the gradu-
ate years? (As per ASEE Engineering
Goals Report current recommenda-
tions.)

1) What influence do you expect from the
growth of the CAATs on your enrolments

/5 ci
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and student flow patterns? Ruminate on
your answer to question 3 (b) in Part A.

m) Are we close to 5-year programs, particu-
larly if grade 13 is phased out?

n) If you were given the position of design-
ing a completely new Ontario engineer-
ing school, with the only constraint that
you accept students at the present grade 13
graduation level, what would you do?

o) What do you regard as your most vexing
problem?
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APPENDIX J

STUDY VISITS
Throughout the course of this study, visits

I :12 in all were made to a wide variety of organ-
izations in Canada, the United States and abroad.
We are indebted to many people who contributed
time and provided hospitality in the course of our
travels. For many of these institutions (for ex-
ample, the Ontario universities), several visits
and discussions were necessary. The following is
a list of institutions that were visited, or whose
personnel were interviewed in connection with
the study.

Universities
Ontario Brock ITniversity

Carleton University
University of Guelph
Lakehead University
Laurentian University
McMaster University
University of Ottawa
Queen's University at Kingston
University of Toronto
Trent University
University of Waterloo
I Tniversity of Western Ontario
I niversity of Windsor
York ITniversity
Royal Military College of Canada

Other Provinces University of British
Columbia

University of Alberta
Iiniversityof Saskatchewan
University of Manitoba
Ecole Polytechnique
University of New Brunswick
Nova Scotia Technical

College
Memorial University of

Newfoundland
United States Dartmouth College

Massachusetts Institute of
Technology

University of Buffalo
Stanford ITniversity
University of California at

Berkeley
University of California at

Irvine
University of California at

Los Angeles
Harvey Mudd College

0/b, Canadian Educational Instil ii lions
Ryerson Polytechnical Institute
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Seneca College of Applied Arts and
Technology

Mohawk College of Applied Arts and
Technology

Thorn lea Secondary School, Thornhill

University Organizations
Committee of Ontario Deans of Engineering
Ontario Council on.(;raduate Studies
Numerous other committees of the Committee

of Presidents of Universities of Ontario
Institute for Quantitative Analysis in Social

and Economic Planning
Ontario Institute for Studies in Education
Association of Universities and Colleges of

Canada
Committee of Presidents of the Colleges of

Applied Arts and Technology

Government
Federal Office of the Privy Council

Science Secretariat
Science Council
Senate Committee on Science Policy
Economic Council of Canada
Dominion Bureau of Statistics
National Research Council
Defence Research Board (including

establishments in Ottawa and
Valcartier

Department of Communications
Department of Manpower and

Immigration
Department of Energy, Mines and

Resources
Department of External Affairs
Department of Industry, Trade and

Commerce
Department of Transport
Department of Regional

Development
Canadian International

Development Agency

Provincial Department of University Affairs
Committee on ITniversity Affairs
Commission on Post-Secondary

Education
Department of EducationColleges

of Applied Arts and Technology
and Curriculum Section

Department of Trade and
Development

Industry H. G. Acres Limited.
Canadian General Electric Company

Ltd.



Canadian National Railways
Du Pont of Canada Limited,
The Foundation Company of Canada

Limited.
Garrett Manufacturing Limited.
General Motors of Canada Ltd.
The ilydro- Electric Power

Commission of Ontario.
Imperial Oil Limited.
International Nickel Company of

Canada, Limited.
Kates, Peat, Marwick & Co.
NIacNIillan Blocdcl Limited.
Noranda Mines Limited, Research

Centre.
Northern Electric Company Ltd.
RCA Limited.
Sinclair Radio Laboratories Ltd.
Spar Aerospace Products I .td.
Steel Company of Canada Limited.
Systems Research Group.
Canadian Chemical Producers

Association.
Canadian Pulp and Paper

Association.
Electronic Industries Association of

Canada.
Lakehead Industrial Advisory

Committee.
Laurentian Industrial Advisory

Committee.

Professional Associations
Canada Association of Professional

Engineers of Ontario (including
chapters in Thunder Bay and
Sudbury) .

Canadian Aeronautics and Space
Institute.

Canadian Council of Professional
Engineers.

Canadian Institute of Mining and
Metallurgy.

Canadian Organization for Joint
Research.

Canadian Society of Electrical
Engineers.

Canadian Society of Mechnical
Engineers.

Chemical Institute of Canada.
Engineering Institute of Canada.
Ontario Association of Certified

Engineering Technicians and
Technologists.

Ontario Engineering Advisory
Committee.

United States American Society for
Engineering Education

Appendix J

Engineering Conacil for
Professional Development

Engineers Joint Council
Engineering Manpower
Commission

National Academy of
Engineering

Other Organ izat ions and Individuals
Technical Service Council
Iranian Ministry of Education
U.S. Department of Commerce Science and

Technology
Sir Eric Ashby Cambridge University
Dr. Allen Rosenstein University of

California at Los Angeles

ENGINEERING EDUCATION IN EUROPE

The director of the study group visited Ger-
any, France, Sweden and Great Britain in order

to gain some perspective on the pattern of engi-
neering education overseas, and on whether or
not experience in Europe might be related to
Ontario. The structures in European techno-
logical education are changing rapidly, and con-
sequently the situation in these countries will
soon be different from what 1 as observed during
this tour in March 1970.

There is a complex web of pathways between
their various schools and programs and these have
mostly been omitted. Each system has its own
historic roots, and each institution has its own
flavour. We have attempted to compare techno-
logical and engineering educational systems in
these countries with that of Ontario (Fig.
J-1). The diagram has been greatly simplified
and illustrates only the main routes to a degree
or diploma, The top bar represents the main
stream leading either to a diploma in technology
or its equivalent; the bottom bar is the normal
direct route to a degree in engineering. The
various alternative paths or cross-flows between
the technological and engineering streams are
not shown.

FEDERAI REPUBLIC OF GERMANY

Education in 1Vest Germany is the responsibil-
ity of the provinces ((ander) of which there are
eleven (including the city-states of Berlin, Bre-
men and Hamburg) . A new Ministry of Educa-
tion and Science has been given the power to
establish national editca tiona I and research guide-
lines, even though each land still operates inde-
pendently. This development should mean new
patterns for German education, but it is too early
to speculate on these changes.
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All educational paths in %Vest Germany start
with four years at the Volksschule, commencing
at the age of six. Students entering an Ingenieur-
mimic (I.S.) usually attend Rea 'mimic for six
years, and then devote two years to practical train-
ing in an industrial firm (Praktikum) . Normally,
admission to a course of study at a Technische
floc hschule (T.I I.) follows after nine years at
Gymnasium, and a further half year of training
in industry (( ;rundpraktikum)

The program at the Ingenieurschule is of three
years' duration leading to the title Ingenieur
(( ;rading.). Instruction has a practical slant, in
order to fit students for professional work directly
associated with operations and construction. The
Technische 1 lochschtile is the university of the
technical sciences. The ciirriculum is 8.9 terms
in length and leads to the Diplom-Ingenieur
(Dipling.). However, in practice, it takes most
students 10.12 terms, owing to numerous exer-
cises and the extent of laboratory work. Advanced
study involves special courses of lectures follow-
ing the Dipiing. plus a thesis wi. ich leads to the
academic degree of Doktor-Ingcnieur.

lhe following establishments were visited:
Vercin Dcutscher Ingenieure (VDI) the Asso-

ciation of German Engineers and host for the
visit to Germany;

Staatliche Ingenicurschule fiir Maschincnwesen
in Krefeld;

Staatliche Ingenieurschule fur Maschinenwesen
in Diisseldorf;

August Thyssen-Hiitte A.C. in Duisburg-Ham-
born and their training school for I.S. and T.11.
students in Diisseldorl:

Technische Hochschule i t Aachen.

'Elie West Germans have developed a very close
relationship between industry and their technical
education system. Each I.S. has been established
to serve a specific local industry, and 140 of them
are located principally in industrial centres
spread throughout the eleven provinces and city-
states. 'These schools are dedicated to the training
of engineers for operations, as opposed to research
and development. Their curriculum lays stress on
technological subjects, with a strong emphasis on
basic mathematics and science. Approximately
two hours a week is devoted to humanities and
social sciences (8%), but both the students and
industry have been pressing for more concentra-
tion in these areas. Training courses in industry
are heavily strnctured. stressing artisan skills and
operations procedures. At Thyssen, certain pro-
duction and factory components are channelled
through the training school.

There are nine TA's and two universities
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(Regensburg and Bochum) offering programs
leading to the Dipl.Ing. Since these pi ograms
stress research and development, there is a heavy
emphasis on mathematics and science and vet y
little humanities or soy science content in the
curriculum. Eitel, major engineering discipline
is centred on a senior professor, cilten in the
form of an institute. Student/staff ratios are high
(typically 30-10:1), and professors must have had
industrial experience before their academic
appointment. At Aachen, with a faculty of ap-
proximately 300, there are 1(15 c hairs in engineer-
ing, while students number 11,000 of which
770 are doctoral candidates. Thus, there aid' more
engineering students at Aachen than in all of
Ontario's engineering schools. Contacts with
industry arc very close, being facilitated by regu-
lar symposia conducted through the industrial
and professional associations, and by the appoint-
ment to honorary pi ifessorships of engineers in
industry who devote one or two days a week to
teaching. Some doctoral theses are conducted in
industry. In a typical institute, the source of fund-
ing is divided equally among the 'Ministry of Edu-
cation (Lander) , the federal ministries in Bonn,
the research association Deutsche I:mm.111111gs-
gemeinschaft and industry.

The Association of German Engineers (VD!)
was founded in 185(1 and since that time has been
a potent force in engineering affairs. Present
membership is (10,000, and it admits not only
graduates from the I.S.'s and the T.II.'s, but also
affords membership to those who have gained
engineering status by meeting certain experience
and academic qualifications. Today there are
330,000 engineers in West Germany, consisting of
approximately 75% Grad.Ing.'s and 25% Dipl.
Ing.'s. Recent flows into the engineering pool are
of similar proportions: 20,000 Grad.Ing.'s and
7,000 Dipl.Ing.'s annually.

The VDI is attempting to develop equal sta-
tus between the Grading. and the Dipl.Ing., even
though the two spend different lengths of time in
school. The VD; claims their function in the eco-
nomy is a better basis for comparison, and that
many Grad,Ing.'s hold senior positions. In the
words of Dr. 1 . W. Lehmann of the German Asso-
ciation of Technological Societies (Deutsclier
Verband Technisch-Wissenschaftlicher Vereine)
"the Dipling. ensures that the wheels of tomor-
row turn, whereas the Grad.Ing. ensures that the
wheels of today turn." lhis has been a matter of
some concern in the Euroix.an Common Market
(ECM) where there is an attempt to permit engi-
neers qualified in one country to practise in an-
other. In February 1970, the F.CM stipulated that
this freedom of movement and practice for uni-



versity graduates (i.e. the T.1 I.'s) be extended to
Grading.'s and similar categoties in the other
menthe' «mimics.

It is hazardous to draw «miparisons between
the graduates of two educational systems lull, in
a general way, the Grading. falls between a di-
plema technologist and a baccalam vac engineer
in Ontario, while a Dipliu g. is reughly compar-
able to an Ontario engineer with a master's de-
wee. Thus. the I.S.'s arc the equivalent of our
CAATs and the T.II.'s of our degree-granting
engineering m hoots.

A lei ent development in Germany is the pro-
posal to integrate the present l..S.'s into one
university comprising all possible disciplines
((;esamthochm !mien), in order to give them
university charac ter. In the words of Dr. F.
Meyei , Chairman of the VD!, "the creation of a
unified prolessiiina I grade whether that of a
Diplom Ingenieur or that of a differently named
one is justified, without regard to the nature
and duration of the edncational route followed."
For both types of engineers ,the VDI is adocat-
ing a three-year common core program in funda-
Menials C011 :PII With practical experience and
technical training, to be followed by required and
(lei live studies in specific disciplines based on the
students' aptitudes and abilities. Whether or not
sue It proposals are au( eptable, the barriers which
base been created by the nature and duration of
education are being slowly dismantled as new
(Tit( via are developed for professional recogni-
tion in the Federal Republic Of Germany, the
most industrialized nation in Europe.

FR A N(

In Fiance, the ic-.pnsibility for public educa-
tion lies with the Ministry of National Education,
although a number of other ministries, such as
agriculture, industry, and defence, exercise edu-
cational power and functions. Students proceed-
ing to higher education take their baccalaureat
examination after attending a lycee (clssique or
moderne). This allows them to enter two years
of preparation classes (classes preparatoires aux
granites holes) during which discipline is severe
and competition keen for entrance into a grande
&Me.

The grandes ecoles are the engineering schools
of France. Some of them date back to the eigh-
teenth century and were founded by groups of
specific industries which felt the need for trained
engineers. One of the earliest was the Ecoles des
Mines founded in 1783. New schools were created
as iirlustry progressed, and engineering ednca-
tion i a France always has been closely coupled to
Indus ry even though today they are under a
Ministry of National Education.
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'1.1w program at a granite ecole is of three years'
dnation and leads to a DiplOme d'Ingenicur (the
school is always designated after this title) They
are often referred to as two-plus-three schools
two years' preparation (in a lycee) , and three
years at the school. 'Hie celebrated Ecole Poly-

Imique, established during the French resolu-
tion to form the main cadre of engineers, is a two-
plustwo school. It is an elitist school from which
most graduates enter the French civil service.
Some move on to a grande ecole to become engi-
neers, entering at the second year. Master's degree
students in science also may enter at the second
year. Attrition rates at the grandes &ides arc very
low because of the demanding entrance require-
ments. Advanced studies toward a doctorate can
be pursued either at a university or at certain
granites &ohs.

At the present time, there are 139 grandes
emits in France, with a total intake of approxi-
mately 8,500 a year, and the number is growing
at the rate of 3 to 4% each year. Graduate engi-
neers practising in France number 130,000, and
an additional 60,0(10 hold engineering jobs by
acquiring professional status through what the
French call "social promotion" they are exam-
ined and granted a Diplome par l'Etat (D.P.E.) .
Ministry officials claim that nearly 10% of all
science baccalaureate enter engineering. Where-
as ten years ago there was a shortage of engineers,
today a sufficient number are being turned out to
satisfy demand as measured by starting salary
increases and advertisemen) :. There are said to
be fewer than 500 unemployed engineers in
France, and this is consistent with the number
who would be changing jobs at any particular
time.

Technologists are designated by the title Di-
plinne Technicien Superienr, awarded after a
two-year program at a lye& technique following
the baccalaureat, or a four-year program at a lycee
technique. In 1965, the Institutes Universite de
Technologic (I.U.T.) were created to train more
technologists and to serve the tertiary sector with
specialists. Physically located in the universities,
they also provide part-time studies leading to
a DiplAme &Etudes Superieure Technique
(D.E.S.T.) to serve those seeking social promo-
tion. The 1.17.T.'s graduate 5,000 engineering
technologists annually to supplement the 12,000
coining from the lycees techniques. The ministry
claims the annual requirement for engineering
technologists is 40,000 (i.e. 4 technologists pea
engineer flowing into the labour force) .

The following establishments were visited:
Organization for Economic Cooperation and

Development:
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La Federation des Associations et Societes Fran-
caises d'Ingenieurs DiplOnies;

Ecole Centrale des Arts et Manufacture, Chate-
nay..Jalabry;

Ministry of National Education;
Eco le Nationale Superieure Industries Agricoles

et Alimentaires, Massy-Palaiseau, Le Noyez
Lambert;bert

Ecole des MinesFontainebleau.

In the grande ecoles, the usual curriculum is
organized in the following manner:

50% science and technology,
15% laboratory,
20% humanities and economics,
15% industrial experience (stage) .

Industrial experience varies from school to
school, but in most of them it is gained during
the months of February and March. Over a three-
year period, most students receive five months of
industrial training: the first year as an ordinary
worker, the second as a supervisor and the third
as an engineering assistant. Each school requires
a short thesis which must be related to a specific
industrial problem. in the words of the director
of one school, "the basic theme in the curriculum
is a mixture of practice and theory so as to mobil-
ize their knowledge, and use what they have
learned."

The student/staff ratio of a typical grande
ecole is low 6:1. The staff consists of full-time
civil service professors, assistants and demonstra-
tors, and part-time industrial professors. A typical
teaching load amounts to 120 hours a year. Many
civil service professors increase their income by
industrial consulting.

Nlost schools have a Conseil de Perfectionment
made up of members from industry, the univer-
sity staff and the appropriate ministries. This
group usually meets annually to review curricula
and other educational matters, and to ensure that
teaching programs are related to the needs of the
industries served by the school.

Three types of doctorate degrees are awarded.
The DoctJrat d'Etat is a prerequisite to teaching
in a French university. Many years of preparation
and the contribution of two significant theses are
requir.^d for this degree. The Doctorat ding&
nieur usually requires a mininnun of two years
after the diploma and a thesis. A third degree
known as the doctorate of the third cycle involves
a shorter dissertation and can be earned in one
year after the diploma.

In 19(16, France passed an act taxing industries
in proportion to their employment of highly qua-
lified manpower in order to help cover the costs
associated 1% ith continuing and adult education,
refresher courses and re-training. Each company
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so taxed is granted relief on the basis of its own
contributions to these areas. Again, while it is
dangerous to draw comparisons, the Diploma
Technicien Superieuriwould appear to be equiv-
alent to a diploma technologist in Ontario, with
the I.U.T. being an institution similar to a
CAAT. There are wide variations in the Diplome
d'Ingenieur from school to school, but it would be
roughly equivalent to an NI.Eng. degree in
Ontario.

The democratization of higher education in
France has resulted in over 600,000 students
attending university. Of the 139 grandes ecoles,
48 have been established since the end of World
War II. The growth of professional faculties has
been very rapid and now they appear to be in
trouble since there are insufficient jobs for their
graduates. There is concern that France is over-
producing engineers with its present annual flow
of 8,500 into the labour force estimated to be
twice what is necessary to maintain the present
pool of 130,000 graduate engineers at a constant
size. On the other hand, the flow of technologists
is thought to be only about one-half what it
should be to meet current needs, and in some sec-
tors of industry initial salaries for technologists
arc higher than for engineers the average start-
ing salary for an engineer is 1,700 francs a month,
while a technologist to begin with will receive
from 1,300 to 2,000 francs. This apparent imbal-
ance in the production of engineers and technol-
ogists probably will require adjustment, and it is
expected that changes in the present pattern will
occur in the near future.

SWEDEN

Sweden is a country of 8,000,000 peopleonly
slightly larger in population than Ontario. Stand-
ards of living are comparable, and so it should
be of interest to compare respective education
and manpower statistics. In this connection, it
must be borne in mind that Ontario imports
engineers to meet its needs, while Sweden has
been more or less self-sufficient.

The Swedish educational system is state-con-
trolled, with compulsory education in the grund-
skola extending for nine years up to age 16. The
upper-level secondary school (gymnasium) gives
each student access to higher education. It is
divided into five streams: liberal arts, social sci-
ences, economics, natural sciences and technol-
ogy. Each stream takes three years except
technology, which has an extra year and leads to
a technology degree. Students preparing for engi-
neering by way of the natural science and tech-
nology streams must take advanced courses in
mathematics, physics and chemistry. Each student



must develop a working knowledge of at least
three foreign languages, with English being com-
pulsory. At the secondary level, 50% of a stu-
dent's time will be spent in humanities -lid social
science subjects. (There are no so-called liberal
learning subjects in the Swedish engineering
schools.)

Post-secondary education consists of traditional
university-level institutions: five universities, two
institutes of technology, two independent schools
of commerce and one independent school of
medicine and dentistry. With the exception of the
school of commerce, all are financed by the gov-
ernment. The central authority is the Office of
Chancellor the Swedish Universities. It is
responsible to the Ministry of Education for the
over-all plann ing and development of the nation's
university :,ystem, as well is the educational con-
tent of the different courses of study so as to guar-
antee that universities provide education of an
equal standard. In 19(39-70 approximately 120,-
000 students were attending these institutions.

There are four engineering schools in Sweden
that offer both undergraduate and graduate
programs:
The Royal Institute of Technology in Stockholm,
The Chalmers Institute of Technology in

Gothenburg,
The Faculty of Technology at the University of

Lund, and
The School of Engineering at the .Linkoping

InAitute of Higher Education.
In addition, there is a school of engineering at
the University of Uppsala and engineering
education at this university's branch in Orebro.
Recently, it was proposed that some form of engi-
neering education be provided in northern Swe-
den, possibly connected with the University of
Uinea.

An engineering degree is awarded after the
successful completion of a four-year program of
study at one of the above schools. The degrees are
civil ingenjor, !:ergsingenjor (mining and metal-
lurgy only) and orkitekt. Up until 1969, tlere
were two higher degrees: the teknisk licentiatxa-
men, earned after a further five or six semesters of
study, and a doctoral degree in technology. Now,
there is to be only one doctoral degree, earned
after a four-year period of study and exclusively
research-oriented.

The institutions visited were as follows:
Svenska Teknologforeningen the Swedish Asso-

ciation of Engineers and Architects;
The Royal Institute of Technology in Stock-

holm;
The Swedish Society of College Engineers

nasium Engineers);
(Gym-
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The Office of the Chancellor of Swedish Univer-
sities.
There were 9,326 undergraduate engineering

students and 700 doctoral candidates in Sweden
in 19691 (compared to 8,500 and 660 respectively
in Ontario) , with a freshman intake of 2,687 stu-
dents. In 1968, 1.343 first degrees wcre awarded.
At the present t 'me, approximately 20,000 engi-
neers are practi,Ang in Sweden, and this number
is expected to almost double over the 'resent
decade. These figures are comparable to those for
Ontario.

The number of student places at each institu-
tion, and for each program, is established by
government The number of places available for
new entrants in 1970 is shown in Table J-1. En-
rolments in engineering experienced a sEght
decline in 1967-68, but were up again in 1969,
when there were almost twice as many appli-
cants as there were places (four times as many in
technical physics and architecture) . Admission is
handled centrally, and the individual institute or
school has no control over the admission of its
particular students. An average of the secondary
school record is used as the basi:, for entrance,
with no extra weight being given to either Iliadic-
majcs or the natural sciences. This selection pro-
cess is completely computerized.

Table J -1

FRESHMAN PLACES FOR SWEDISH ENGINEER'NG
SCHOOLS 197C71

Technical Physics 270
Technical Physics (fourth-year entry) 30
Technical Physics and Electrical

Engineering 170
Mechanical Er-;ineering 617
Aeronautics 45
Electrical Engineering 495
Civil Engineering 490
Chemical Engineering 288
Chemical Engineering (third-year entry) 42
Mining 30
Metallurgy 80
Architecture k.:10

Surveying 70
Engineering Economy and

Industrial Organization 110
Teacher training (Electrical

Engineering) 80
Teacher training (Mechanical

Engineering) 60

TOTAL 3,087

'Hans Larsson, Development 01 Universities ol Technology in Sweden,
Office of the Chancellor of Swedish Universities, January 1970.
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Student/staff ratios are in order of 10-12:1.
Professorial staff devote approximately 116 hours
a year to lecturing. At one time the relationship
with industry was very important, but today it is
less so, since more professors come from the
academic environment and new faculties of tech-
nology are developing within the universities.
There are few dual posts where professors hold
industrial appointments. Each professor super-
vises an averap.e of 4.3 doctoral candidates, so that
"productivity- is approximately one doctor per
professor per year. Now there is concern that they
may be overproducing doctorates in view of the
number of available research positions another
situation comparable to Ontario.

At the Royal Institute, there are 80 separate
institmes developed along lines similar to those
observed in Germany. They are linked together
by the academic curriculum, but separated for
purposes of research and research grants. It is
not unusual for staff within an institute or depart-
ment to form a company within the confines of
the university to undertake consulting, research
and development. One such operation presently
is exploiting a new product developed in univer-
sity la borator:es.

Technology education in Sweden, conducted
principally in the technical gymnasia, is a four-
year program leading to the Gymnasium Engi-
neer. There are no examinations, but each stu-
dent does receive a grade so that he may enter an
engineering school if he wants to. Although 6,000
gymnasium engineers entered the labour force in
1968, the numbers have been increasing rapidly
since then. Now, there are five gymnasium engi-
neers entering the labour force for every graduate
from an engineering school. As in Germany, the
number of gymnasium engineers in senior posi-
tions is surprising. A survey conducted in 1967
indicates that over 10% of the gymnasium engi-
neers held leading positions in industry, as com-
pared to 43% for the engineering graduates
covered by that study.

A Swedish educational commission, known as
1168, was appointed in 1968 with the task
developing an over-all plan for post-secondary
education. The report is to be issued in 1970,
and its preliminary analysis leads to the idea that
a period of work should follow immediately upon
the conclusion of secondary 'school. The whole
structure of post-secondary education would be
based on the principle of recurrent education.
1168 is expected to recommend that entrance
requirements for engineering schools be relaxed
considerably, only those requirements deemed
absolutely necessary being retained. In the future,
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the concept of engineering education as a sepa-
rate entity may disappear, to be replaced by an
integrated university system having no formal
boundaries between the different departments or
faculties. Swedish industrialists have not reacted
favourably to such a proposal, but many do claim
that the exact content of education, especially
in advanced technological subjects, is of little
account in an age of rapid technological change.
They are not in favour of lengthening the process
beyond four years, preferring to acquire their
engineers early and then devote time to in-plant
training. Thus the academic community is faced
with the problem of retaining a four-year pro-
gram possessing a high degree of "age-resistance"
to quote the term used by U68.

One way of attempting a solution to the prob-
lem of age-resistance is to increase steadily the
number of basic subjects such as mathematics,
physics and fundamental engineering in the pro-
gram. Mathematics does give methodical training
and is age-resistant, but such an approach has
been attacked on the grounds that the future engi-
neer will use it less and less in his career, and the
age-resistance is of the wrong kind. Such subjec s
as basic physics are too well structured, train the
engineer in wrong methods and become poten-
tially dangerous when he encounters highly
unstructured situations in the real world of engi-
neering. A proposed alternative is to insist that
after the student receives methodical training in
depth in one area of engineering, Iv: should take
part in all aspects of real engineering problems
and so assist in their solution, while obtaining
the beneficial experience of working as a member
of a team within a complex organization.

The conclusions of 1168 have not been an-
nounced, but its major aim world appear to be
the restructuring of post-secondary studies as a
life-long educational process. This would result
in Swedish education shifting from an approach
where the teacher provides the student with some
skills and knowledge, to a plan whereby the goal
is to give the student an intelligent and efficient
way of teaching himself.

GREAT BRITAIN
Much has been written about the present tech-

nical and engineering educational systems in
Great Britain, and what follows is only a rough
outline of some salient features. Secondary educa-
tion begins at age 11 in a public, secondary mod-
ern, grammar or technical school. Students sit for
examinations after five years and receive a Gen-
eral Certificate of Education at the Ordinary level
(G.C.E - 0 level) . Two years of further study
normally are required for examinations at the



Advanced level (G.C.E. - A level) . For entrance
into a degree program, the student must pass at
least two A-level examinations in addition to
three or more at the 0 level, or have acquired
an appropriate Ordinary National Certificate or
Diploma "at a good standard".

In 1963, the report of the Robbins Commission
on Higher Education recommended a thorough
reorgan:zation of British higher education. For
many years, colleges of technology and commerce
had been providing courses at the degree level
which led to a Diploma in Technology, a London
University external degree, or a college diploma.
Following the Robbins Report, the Council for
National Academic Awards (CNAA) was set up
as an independent institution to grant awards to
students who successfully complete approved
courses in colleges of led mology and commerce,
and other non-university institutes which did not
have degree - granting powers.

In 1966 there were about fifty colleges in Eng-
land and Wales with students on programs lead-
ing to degrees in scientific and/or technological
st.. )jects, three-quarters of them preparing stu-
dents for the B.Sc. degree of the CNAA, and over
half of them offering courses leading to an
external degree front the University of London.
A White Paper in that year (A Plan for Poi)
technics and Other Colleges) recommended the
establishment of thirty major institutions of
higher education from the large number of tech-
nical oit;ges, colleges o: commerce and colleges
of art. One of their principal functions is the fur-
ther development of courses in scientific and/or
technological subjects at the degree level. These
polytechnics have moved into the university sys-
tem and are being funded by government on the
advice of the University Grants Committee. At
the present time, there are nearly 2,000 students
at each polytechnic, a number expected to double
by 1976 and to treble in the early 1980s, to reach
a total of 200,000 students.

Both the universities and the polytechnics offer
three-year programs leading to a bachelor's de-
gree in engineering. (Scotland is an exception,
with its bachelor degree programs being the tradi-
tional four years.) Also, there are the "sandwich"
courses a "thin" sandivic't in which, over four
years, students spend alternate periods of six
months in industry and in school, and a "thick"
sandwich involving periods of a year in industry
before and after three years at university.

The training of technologists usually starts at
the ag,, of 15 in a local or area college while the
indiviuual is working part-time. At the end of one
year, the student can transfer to a City and Guilds
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of the !minion Institute technician course, which
requires a further four to six years; or at the end
of the second year he can take an examination
leading to a program for the National Certificate.
There, he is joined by students with G.C.E.-0
level standings in at least four subjects, including
mathematics and science, and together, they triII
begin a part-time program terminating with the
Ordinary National Certificate (0.1.C.) after
two years, or the Higher National Certificate
(H.N.C.) after four years. The H.N.C. is approx-
imately equivalent to the technology diploma in
Ontario.

The National Certificate system has been in
operation in the United Kingdom for more than
forty years and has attracted large numbers of
students. Its principal drawback has been the time
factor a minimum of six years and often longer.
Consequently, new programs are being developed
to shorten the time involved the Ordinary and
Higher National Diploma which usually are sand-
wich courses at a local or area college with a
higher entrance standard.

The following organizations were visited in
Great Britain:
Ministry of Technology,
Institution of Electrical Engineers,
University of London, King's College,
Department of Education and Science.
City University,
I in iversity of Sussex, Brighton

Institute of Manpower Studies.

Prior to 1967, City University was a college of
advanced technology, but it became a technical
university in that year. It operates on the thin
sandwich system admitting students in September
and February. The program is of four years' dura-
tion. There are 2,300 undergraduate and 200
graduate students, with a student/staff ratio of
approximately IP: I. Work in the humanities and
social sciences makes tip about 10% of the
curriculum.

British engineers are organized professionally
in separate institutions, each concerned with a
particular engineering specialty. A federal body
was formed in 1962 which led to the establish-
ment of the Council of Engineering Institutions.
Its Charter provides for the designation of Char-
tered Engineer, and the initials C. Eng. may be
used by fully qualified members of the fourteen
constituent institutions. University and CNAA
degrees in engineering normally are accepted as
satisfying the academic standards for entry into
the profession, but practical training and expe-
rience in a post of responsibility are further
requirements. Many colleges offer courses for
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non-degree students which lead to the examina-
tions of a professional institution, and holders of
National Certificates are no longer exempt from
these examinations.

There are approximately 200,000 engineers
and technologists in the 'United Kingdom, com-
prising graduates and graduate equivalents
(those u.ho have satisfied the examination re-

quirements of the professional institutions). Uni-
versitKdegrees awarded in engineering and tech-
nology are now in the order of 8,000 a year, and
the number is rising rapidly, being supplemented
by the CNAA degrees which should attain a rate
of 2,000 a year in the early 1970s. A flow of tech-
nicians into the labour force has been maintained
in the order of five O.N.C. /O.N.D. and Certifi-
cate Techniians to every graduate, but the stock
of technical supporting staff (approximately
700,000) is low in proportion to the stock of
graduates and graduate equivalents. In the
words of Lord Jackson: "... our annual output of
qualified technical supporting staff . . . is inade-
quate...."2
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The Industrial Training Act of 1964 made
provision for the establishment of industrial
training boards, whose responsibility it is to see
that amount and quality of training are adequate
to meet needs at all levels of employment.
They impose a levy on employers and have the
power to pay grants to those who provide or
secure training to meet the requirements of the
Board, A firm that fails to provide for training
nmst pay a levy but rt.ceives no grant from its
Board. A firm which does more than its fair shark.
of training may receive more hack in grants than
it pays in levies, For example, the Engineering
Board imposes a 2.5% -on-payroll levy which
raised £75 million in the first year. Originally,
this Act was intended to cover non-degree train-
ing at the technical support level, but now it is
moving into degree-level training. It is too early
to predict its effect on the universities, but it may
have an impact on the future of the sandwich-type
programs.

2Lord Jackson of Burnley. Manpower for Engineering and Technology,
First Annual Willis Jackson Lecture. British Associxion for Commercial
and Industrial Education.
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