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This report deals with a planning study of doctoral work in engineering,
which was conducted in several portions corresponding to the various
disciplines within engineering. The report is in six volumes. Volume A
deals with chemical engineering, B with electrical engineering, C with
metallurgical and materials engineering, D with mechanical engineering,

L with industrial engineering, and F with civil engineering. Each volume
contains the COU and ACAP reports for engineering as a whole together with
the consultants' report and other material appropriate to one of the

disciplines. The COU report will be in three parts: Part I dealing with

recommendations approved in June 1974 and dealing with most of the fields,
Part 11 approved in September 1974 and dealing with mechanical and

industrial engineering, and Part III to appear later dealing with civil
engineering. This volume printed in the fall of 1974 contains Parts
1 and II.




FOREWOQORD

As a consequence of a study of engineering education in Ontario (described
in more detail in the subsequent ACAF teport) the Council of Ontario
Universities called for a planning assessment of PhD prograrmes in
engineering to be carried out by ACAP in cooperation with CODE.

The Advisory Committeé on Academic Planning (ACAP), as presently
constituted, was established by the Ontarie Council on Graduate Studies
at thc request of the Council. of Ontario Universities in January, 1971.
The Advisory Committee's terms of reference were directed broadly toward
the effective planning and rationalization of long-temrm graduate
development in Ontario's universities both at the level of ipndividual
disciplines and at a more general level. The Advisory Con-.ttee's
activities are based on the premise that graduate work is t?e one area
of university activity in which specialization among univer:  :ies,
cooperative arrangements and comprehensive planning are most necessary.

' The disciplinary planning process involves a discipline group
composed of one representative from each university with an interest in
graduate work in the planning area. TIn the case of engincering, CODE

- was also. involved in a vay described in the ACAP report. The.discipline

fgroup assists in defining the precise academic boundaries of each study,
and prepares a commentary on the consultants' report.

The final decision on consultants for the planning study is made
bv ACAP. The consultants are requested to make recommendations on
programmes to he offered in Antario, desirable and/or likely errolments,
the division of responsibility for programmes among universities, and the
desirable extent of collaboration with related disciplines.

While the consultants' report is the single largest element in the
final report on the planning study, ACAP considers the statement of each
university's forward plans to be most significant. These forward plans
are usually outlined prior to the planning study, and are used as a basis
for comments from the universities concerned on the consultants’ report.

On recefipt of the consultants' report, and comments on it from the
disicpline group and the universities, ACAP hegins work on its own recom-
mendations for submission directly to the Council of Ontario Universities.
COU considers thr input from all sources, and prepares the position of the
Ontario university community.

The following report is one of a series of disciplinary planning
studies carried out by the Advisory Committee on Academic Planning and
to be published by the Council of Ontario Universities, The emphasis
of the report is on forward planning, and it is hoped that the
implementation of COU's recommendations will help to ensure the more
ordered growth and development of graduate studies in Ontario's universities.



Council of Ontario Universities
Conseil des Universités de 1'Ontirio

Report and Recommendations
concerning Doctoral Studies
in Engineering - rart I

On the instruction of the Council of Ontario Universities, the Advisory Committee

on Academic rlanning, in cooperation with the Committee of Ontario Deans of Engin-
eering, has conducted a planning assessment for doctoral work in engineering.. This
arose from the need to re-examine the recommendations concerning fhD work which
appeared in Ring of Iron. The background to the study, the procedures followed

and the planning techniques used are described in the ACAP report and are not repeated
here, The resultant report from ACA? is attached together with the consultants'
reports, the comments by the discipline groups, the comments of the individual
universities, and the comments of CODE. It is important for the reader to read the
attachments in order to undgrstand the recommendations in this Report from COU. Cou
will issue subsequent parts Yo this report dealing with mechanical, industrial and
civil engineering. - C

The Council received the ACAY report and supporting documentation on April 11, 1974,
The content of the ACAr document was debated on April 11, on May 3, and on June 7,
1974. As a result of these discussions this Report and Recommendations was prepared
and approved by the Council on June 7, 1974, The report is addressed to the Ontario
Council on Umiversity Affairs and the universities of Ontario.

The following principles have been adopted and will apply to this and all other COU
Reports arising out of assessments.

1. wviscipline assessments by ACAP should form the basis for planning by
the universities of their development of graduate studies, particularly
’hD programmes. On the basis of these assessments, COU should make its
own recommendations on currently embargoed programmes. Each university
must retain the freedom and responsibility to plan and implement its
own academic development., However, the universities in embarking on
a cooperative planning process have signalled their intentions of
cooperating with the COU recommendations.

2. Universities generally plan their emphases in graduate study on the
bases of related departments, not of single departments. Initially -
the sequential nature of the discipline planning assessments makes
this difficult. However, by the summer of 1974 there will have been
assessments of most of the social sciences, all of the physical sciences,
engineering doctoral work, and a number of professional areas. On the
information and recommendations then available, each university should be
able to make decisions concerning its support of graduate programmes
in these areas. Amendments to university responses to the individual
discipline planning assessments may then be made in the wider context of
a group of related disciplines and amendments to (OU's original Reports
on an individual discipline may be required.
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The first concern in planning is to review the quality of graduate
opportunities and of students in Ontario universities and to make
judgements about how to proceed or not proceed based on quality
considerations. The procedures have made use of highly qualified
independent consultants who have no direct interest in the universities
in Ontario. Accordingly, COU feels bound to accept their judgéments
about quality where they are stated clearly unless unconvinced that.
their conclusions about quality are consistent with their evidence.
CoU's recommendations in the case of programmes which are of unsatis-
factory or questionable quality will call for discontinuation or the
carrying out of an appraisal, if the continvation of the programme

is not crucial to ‘the province's offerings. In some cases, however,
there may be a particular need for the programme and the appropriate
recommendation will be to strengthem it, with an appraisal following
that action. It is also possible that if there were found to be

too large a number of broadly-based programmes there could be a recom-
mendation to discontinue the weakest; in this case, an appraisal for

a more limited programme might be relevant.

A second consideration is the scope of opportunities for graduate
work in the discipline. Do the Ontario programmes together offer -
a satisfactory coverage of the main divisions of the discipline?

Numbers of students to be planned for will depend on the likely

number of applicants of high quality and in some cases may relate to an
estimate of society's needs. Such estimates may be reasonably reliable
in some cases and not in others. If the plans of the universities
appear to be consistent with the likely number of well-qualified
applicants and there is either no satisfactory basis for estimating -
needs or there is no inconsistency between a reasonable estimate of

need and the universities® plans, then COU will take note of the facts

~ without making recommendations on the subject of numbers.

1f the numbers being planned for by the universities are grossly out
of line with the anticipated total of well-qualified students, or a
reliable estimate of needs, COU will make appropriate corrective
recommendations. Depending on the circumstances, these may call for
a change in the ¢otal numbers to be planned. for and indications of
which institutions should increase, decrease, or discontinue. The
recommendations in serious cases may need to specify departmental
figures for each university for a time. If the numbers being planned
for are insufficient, the recommendations may call for expansion, or
new programmes, and may have implications for both operating and
capital costs.

Unless there are exceptional circumstances, the recommendations
concerning enrolment will not call for a university to refuse
admission to any well-qualified student who wishes to work in a
field in which that university offers a programme and in which it
has the capacity to accommodate the student. "

-
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6. The quality of graduate programmes is partly dependent on size, and
for each programme, depending on how it is designed andi{its scope,
there is a minimum size of enrolment below which quality may suffer.
That number cannot be expressed for the discipline as a whole but ..
only for individual programmes depending on their purpose, their
resources and their design.

7. Universities will be expected to notify COU if they intend to depart
from the COU Report in any way which they believe might have a signi-
ficant bearing on the provincial plan.

8. Appraisals arising as the result of ésséssments are to be based on the

standards but not necessarily the scope ae acceptable programmes
. in the province.

General observations concerning engineering doctoral work

1. Ontario is unlikely to over-produce engiheérihg FhD's in the next five
years. However, the student body contains too large a proportion of non-
Lanadians. Qualifiéd Canadians should be encouraged to seek the engineering
s hiy,

2. Doctoral students should be selected on the basis of high academic gtanding
~ and research potential. '

3. "Inbreeding" is a problem, with many students obtaining three degrees from
one university,

4.  Faculty members, whether or not engaged with doctoral students, should have
the facilities and opportunities to engage in research and in work with
industry. :

5. 'The scope for jinter-university and university-industry cooperation is
considerable and should be exploited.

6. The quality and state of development of the Ontario doctoral programmes are
variable. Some are very good and have gained international recognition.

7. Some universities are organizing (or reorganizing) doctoral study on a
division of specialization other than that provided by the "traditional"
engineering departments. In two of the smaller faculties this is a central
factor in the planning, but increasing cross—-departmental actiwity is also in

evidence elsewhere.

“Actions by ol

1. COU has abandoned a planning number of 450 doctoral students and advises
ﬁ%c unjversities to plan on the assumption that the doctoral enrolment will
sremain roughly constant for the next five years. Although there is a need
for engineers with doctorates in Ontario, graduate student enrolment will
level off due to a lack of top quality students. Canadians must be attracted
¢ in increasing numbers in order to maintain enrolment at the present level.

ERIC
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COU requests that CODE report annually to COU on enrolment and employment
opportunities.

COU requests that ACAF arrange for each engineering discipline group:
(1) to monitor annually the admissions experience of each programme (post
facto) and report on the quality of the admitted students (to ACAP for

Attt —

transmission to COU);

it

(2) to report annually to ACAY on the universities previously attended by
the newly admitted graduate students of each department. :

COU requests CODE, after consultation with the disciplige groups, teo develop
proposals. for collective methods of making information on graduate work in
all Ontario universities readily available to the engineering students, and
to inform ACAP of the action taken.

COU requests OCGS to examine existing university guidelines on part-time

doctoral work and its supervision.

COU request :hé: ACAF arrange for an annual report to OCGS from each university
on the time taken for each graduating student to complete his doctoral studies.

COU requests ACAP to examine the available documentation on civil engineering,
to reach its own judgements on the basis for a report, after soliciting assist-
ance from the discipline group and the universities, and to prepare its report
to COU containing recommendations for the future of civil engineering doctoral
work. This should be submitted by December 31, 1974.

COU requests that ACAy arrange for the metallurgical and materials engineering
discipline group to present a report to ACAY on university actions taken to
correct identified weakness in certain fields of study.

-

Recommendaticns

1t is recommended that:

l.

Universities, CODE and discipline groups take steps to inform potential
candidates of the value of a PhD in many phases of govermment and industry,

not only in research and development. The universities, individually and
collectively, through agencies such as CODE, should discuss with the industrial

"and governmental employers steps to be taken jointly in order to overcome the

shortage of Canadian students.
. _ .
The universities attempt to maintain the situation where Canadians and landed

- immigrants constitute at least 70Z of the doctoral enrolment in agy programme,

at any one time, even though the number of landed immigrants may decrease.
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3. rheAuniversities, the provincial government, and granting agencies examine
the extent to which the limit to student income deters Canadians from entering
graduate work. Means of supplementing the income of professionally experienced —

students should be examined.

4. All doctoral thesis examining committees have an examiner external to the
university.

5. At present, there not be any specific enginesring doctoral part-time programmes
but rather that part-time or non-resident doctoral work be done by individual
arrangement. Experimentation in methods of carrying on part-time work is to
be encouraged and might lead in future to the creation of specific part-time
programmes. It is also recommendgd that the research topic of any student
accepted on a part-time basis be in a field in which the professors in the
department have expertise.

University Recommendations -

Engineering was split into five separate assessments, one for eack of the five
traditional fields of engineering. 1wo universities, Western Ontario and Windsor,
do not administer :their doctoral engineering work along these lines but rather on
an interdisciplinary basis that cuts horizontally across engineering. For this
reason, these two:universities are being dealt with separately and not as part of
the more standard approach evident in the five assessment reports. Similarly,
Guelph also is included in this section.

It 1b recommended Lhat'

6. The University of Western Ontario continue its examination of its FhD
programme in engineering science, and put forward the resulting programme for
appraisal, in particular delineating carefully the areas of research in which
it feels it appropriate to accept students. If a favourable appraisal
is not obtained by the end of October, 1976, admission of new studeuts should
then be suspended.

7. The University.of Windsor continue the reorganization of its doctoral work in
engineering and submit all programmes for appraisal when the new system has
been in operation sufficiently long to permit a valid appraisal. Enrolment
of new students should cease after October, 1977, if a favourable appraisal
has, not been obtained.

8. The involvement of the School of Engineering in the hydrology doctoral programme
at the University of Guelph continue and that the university begin doctoral
work in agricultural engineering at a time in accordance with the university's
plans, subject to normal appraisal procedures. . '

*

Chemical Engineering

This section deals with dectoral work in chemical cngincuring at McMaster, Ottawa,'
Queen's, Toronto and Waterloo.




1t is recommehded that: .

9. The departments consider grouping their research activities in well-defined
areas so as to establish or reinforce teams, thus providing a more stimulating
environment for students.

10. McMaster University continue its doctoral work in chemical engineering accord-
ing to its plans. : : :

11. The University of Ottawa continue its doctoral programme in chemical engineering
according to its plans.

12. - Queen's University re-evaluate its doctoral programme in chemical engineering
in the light of comments made by the consultants concerning research activity
of the faculty, the grouping of research areas, the awareness of new trends
in the discipline, and the mobility of its bachelor's graduates, and submit
the programme for appraisal at the time that the university considers appro-
priate. If a favourable appraisal has not been received by October, 1976,
enrolment of new students then be suspended.

13. The University of Toronto continue its doctoral programme in chemical engineer-
ing according to its plans, paying particular attention to the desirable

! mobility of its bachelor's graduates for graduate work elsewhere and to the
desirability of grouping of research areas. The University of Toronto is
requested to report to COU through ACAY by June, 1975, on action taken in regard
to this Recommendation. : '

14. The University of Waterloo continue its doctoral prog?&mme_in chemical .
engineering according to its plans.

Civil Engineerigg- ',_‘

v -
-

The dbnsultants'_repurt is unfortunately inadequate for planning purposes.
It is recommended that:

15. The embargo on the funding of any new programmes in civil engineering
continue until COU has accepted a report from ACAI' dealing adequately
with the future role of ‘each department in respect to the different fields of
doctoral research, paying particular attention to the relative strengths and
weaknesses of cach department and the change in emphasis on fields recommend-
ed by the g¢unsultants. The report should be submitted by ACAI' by December 31,
1974.

Electrical Enéjneéring

This section deals with ddetoral work in electrical engineering at larleton,
McMaster, Oftawa, Queen's, Toronto.and Waterloo.

It is recommended that:

16. The discipline group annually identify those areas of electrical engincering
Q which they consider relevant to .tha present and future needs of Caqada and

LRIC
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17.

18.

19.

2.

22.

make their findings available to the granting agencies and various assoclations
of"industry in order to stimulate a continuing dialogue with industry.

Carleton University continue its ddéctoral work im éleetrical engineering
according to its plans.

McMaster University continue its doctoral work in electrical engineering

according to its plans. -

et : ~
The University of Ottawa plan the reorganization of its doctoral programme
in electrical engineering and put forward the programme for appraisal. If
a favourable appraisal has not been obtained by the end of the fall term 1976,
admission of new sticents should cease. In the meantime, enrolment of new
students should be restricted to the digital communications systems and large-
scale systems fields.

-

Queen'’s University continue its programme in electrical engineering concentrating
in the communications and systems fields, with occasionally a student in cognate
areas of electronics and energy processing. Any proposed substantial develop~
ments in these latter two fields should be submitted for appraisal. It is also
recommended that the department maintair enrolinent at its present level.

The University of Toronto continue its doctoral work in electrical engineering

according to its plans. '
: -

The Universihy of Waterloo continue its doctoral work in electrical engineering
according to its plans.

Metallurgical and Materials Engineering

This section deals with doctoral work in metallurgical and materials engineering
at McMaster, Queen's, Toronto and Waterloo.

It is recommended that:

23.

24.

25.

The universities take steps to increase the activity in the ceramics, glasses,
and polymer fields of study in the province.

McMaster University continue- its doctoral p:ogrammes in materials science
and extractive metallurgy, and make & report to COU through ACAI in the fall
of 1975 on the follawing suggestions for improvement:

a) recruitment of students with physics and chemistry backgrounds
b) strengthening of the extractive metallurgy faculty
¢) collaboragion with the University of Toronto

Yueen's University continue its doctoral work in physical metallurgy

and discontinue the doctoral programme in extractive metallurgy and mineral
engineering as it now exists and replaceeit by an enlarged programme involving
professors from other departments. This new programme should be appraised

and this should be completed by December 31, 1976. 1f Queen's does not wish



to enlarge its programme in extractive metallurgy and mineral engineering,
the present programme should be put forward immedjately for appraisal,
ceasing to enrol new students by June 30, 1975, if a favourable appraisal
- is not obtained. -

26. The University of Toronto continue its-doctoral programmes in its Department
of Metallurgy and Materials Science. It is suggested that Toronto consigder
bioadening the programmes and it is requested that the university report to
COU. through ACAP by September, 1975, on any progress made in this direction.

27. ‘The.University of Waterloo coatinue its doctoral work in extractive and pro-
cess metallurgy and in metallurgical engineering and materials science
according to its plans.

% Mining ingineering

.

it is reccmmended that:

28. Queen's University continue its doctoral work in accordance with its plans.

N
General

1t is recommended that:

29. 1n view of the acceptance of these recommendations by the Council of
Ontario Universities and the completion of Part I of this planning
assessment, the Ontaric Council on University Affairs request the
Minister to remove the embargo on doctoral work in Engineering (except
for Mechanical, Industrial and Civil Engineering at Carleton, McMaster,
Ottawa, Queen’'s, Toronto and Waterloo), in accordance with the original
announcement of the Minister that new graduate programmes would be embargoed
until, for each discipline, a planning study has been conducted.

Notes concerning the recommendations

-

Re: Recommendations 1, 2, and 3

The background to these important recommendations dppears on pages 13 and 14 of
the ACAP Report.

Re: Recommendation 7

Presumably the programmes submitted for appraisal will be the three
divisional programmes which are replacing the departmental programmes.

Re: Recomméndat{gq 16

Other engineering discipline groups may also find this a vaiuahlv suggestion,
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Re: Recommendation 19

This differs from the recommendation in the ACAP Report because the University
subsequently decided to carry out a re-assessment of the future diréction
of the department. :

Re: Recommendation 25

~Queen's has reported ro COU its intention to enlarge its programme in extractive
metallurgy. ” “ )

June 7, 1974.

“/\\
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Report and Recommendations
) . concerriing Doctoral Studies
y , . ‘ :in Engineering - Part II

vy

As Part I of this repdft,indicated it would, this paf: deals uith mechanical
engineering and industrial engineering and systems design. Civil engineering
will be dealt with in Part III.

The ACAP reports on mechanical and industrial ‘engineering were debated by -
: COU on June 7, 1974. As a result of these discussions, Part II of the Report
and Recommendations was prepared and. approved by Council o ‘September 6 1974.

The principles, general observations, actions by COU and recommendations 1 ~ %
given in Part 1 apply generally and therefore have application to. mechanical

and industrial engineering. Similarly Recommendations 6,7 and.B deal with '
doctoral work in engineering at Western Ontario, Windsop ang Guelph, and, although
the consultants' reports in mechanical and industrial engindering will be of

value to these universities, no recommendations for them follow. .

Mechanical Engineering . .

' This section deals with doctoral work in mechanical engineering at Carleton,
McMaster, Ottawa, Queen's, Toronto and Waterloo.

It is recommended that:

29, " Carleton, McMaster and Queen's Universities continue their doctoral
programmes in mechanical engineering and during the coming year
give careful consideration to the feasibility of a stromger -
development of foci of interest in the special areas of strengths
suggested by the consultants. The Universities are requested to
report to COU and OCGS, through ACAP, during the Fall of 1975. on
the results of these considerations. ,

30. If the University of Ottawa wishes to reactivate a doctoral programme
in mechanical engineering, it give careful consideration to the
need for the department to hdve suitable industrial and research
experience before applying for aporaisal.

31. The University of Toronto continue ité doctoral programmes in
mechanical engineering in its Department of Mechanical Engineering
and the Department of Aerospace Studies and Engineering. The

, University should consider the consultants’' recommendation
of a greater concentration of research activities of the Department
of Mechanical Engineering on major problems of national concern.
It is recommended that the University inform COU and OCGS through
ACAP, during the Fall of 1975, of any decisions taken.

™
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32. The Universityv of Waterloo continue its doctoral programme
in mechanical engineering. The Universitv should .
consider the consultants' recommendation of a greater concentration.
of research activities on major problems of national concern. It
is recommended that the University inform COU and OCGS through
ACAP, during the Fall of 1975, of any.decisions taken.

.

Industrial Engineering and Systems Design.

This section deals with industrial engineering at Toronto and systemsrdesign
at Waterloo.

it %s recomnpended that:

33. The University of Toronto continue its doctoral work in human factors.
engineering, management information systems and operations research.

»

34, The University of Waterloo continue its doctoral programme in
svstems design. | :

Noies:‘ Re Recommendation 33

The Univeraﬁty of Toronto is.adﬁised to expect about the same enrolment in
dogtoral work in industrial engineering as it now has, at least until qych
time -as some new field of specialization may be approved.

Re Recommendation 34

¥
The University of Waterloo is advised to give careful attention to the
consultants' recommendations for strengthening its systems design doctoral
programme before allowing the enrolment to grow.

August 27,~lq7&.
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I. RECOMMENDATIONS

General Recommendations

¢l

It is recommended that CoOU abandon the quota of 450 doctoral student
enrolment in 1974-75, and plan on roughly the present enrolment for the
next five years, assuming greater interest by Canadian students in
engineering graduate work. I1f this interest does not materialize, the
enrolment will undoubtedly drop. In any case, 1t 1s recommended that
CODE be asked to report annually to COU on enrolment and employment
opportunities. ‘

2 | '

It is recommended that steps be taken to inform potential candidates of

the value of a PhD in many phases of government and industry, not.only in
research and development. The universities, individually and collectively,
through agencies such as CODE, should discuss with the industrial and
governmental employers steps to be taken jointly in order to overcome the
shortage of (anadian students.

€3

1t is recommended that the universities maintain the situation where
Canadians and landed immigrants constitute at least 70% of the doctoral

enrolment in-any programme, at any one time, even though the number of
landed immigrants may decrease.

ca

It is recommended that the universities, the provincial government, and
granting agencies consider the remarks of the consultants and examine

the extent to which the limit to student income deters Canadians from
entering graduate work. Means of supplementing the income of professionally
experienced students should be examined; increased contacts between faculty
and industry could lead to increased industrial support.

. t

o] .

It is recommended that each Discipline Group monitor annually the admissions
~experience of each programme (post facto) and report on the quality of the
adnitted students to ACAP for transmission to CUU.

c6

1t is recommended that all doctoral thesis examining committecs should

have an examiner external to the university.




o

It is recommended that each Discipline Group and CODE develop proposals
for making information on graduate work in all Oatario universities
readily available to the engineering students, in some collective way

and Inform ACAP of the action taken. Each Discipline Group should report
annually on the university last attended by the graduate students in
each department.

8

It is recommended that at the present any'part-fime or non-resident
Joctoral work should be by individual s¢rrangement and that experimentation
in this type of programme be encouraged. It is also recommended that

the research topic of the student accepted on a part—time basis be in a
ficld in which the professors in the department have expertise. It is
recommended that OCGS examine existing university guidelines in this area.
)

It is recommended that the universities report to ACAP (for 0CGS) each

vear on the time taken by each graduating student to complete his
doctoral studies.

University Recommendations

c1 .,
1t is recommended that the University of Western Ontario continue its
examination of its PhD programme in engineering science, and put forward
the resulting programme for appraisal, in particular delineating
carefully the areas of research in which it feels it aprropriate to
accept students. In case a favourable appraisal is not obtained by
October, 1976, admission of new students should then be suspended.

1

.
—

|

It is recommended that the University of Windsor continue the reorganization
of its Jdoetoral work in engineering and submit all programmes (presumably
these will be the three divisional programmes which are replacing the
departmental programmes), for appraisal when the new system has been in
operation sufficiently long to permit a valid appraisal. Enrolment of

new students should cease after Uctober, 1977, if a favourable appraisal

his not been obtained by that date.

[

'y
-

=

|

It is recommended that the involvement of the School of Engineering in

the hvdrology doctoral programme at the University of Guelph continue and
that the University begin doctoral work in agricultural, engineering at a
time in accordance with the University's plans, subject to normal appraisal
procedures. "

[
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Chemical' Engineering

13

It is recommended rhat the departments take note of the consultants'
recommendation 10 to group research activities in well-defined areas

so as to establish or reinforce teams, thus providing a more stimulating
environment for students.

Clé

‘ " o :

It is recommended that McMaster University continue its doctoral work
in chemical engineering according to its plans.

Cl5

It is recommended that.the University of Ottawa continue its doctoral
programme in chemical engineering according to its planms.

c16

It is recommended that Queen's University reevaluate its doctoral
programme in chemical engineering in the light of comments made by the
consultants concerning research activity of the faculty, the grouping
of research areas, the awareness of new trends in the discipline, and
the mobility of its bachelor's graduates, and submit the programme for
appraisal at the time that the University considers appropriate. If a
favourable appraisal has not been received by October 1976, enrolment of
new students should be suspended at that date.

c1r ,

Tt is recommended that the University of Toronto continue iis doctoral
programme in chemical engineering according to its plans, paying particular
attention to Recommendation C7 regarding mobility of its graduates and to
Recommendation C13 concerning grouping of research areas. It is recommended
that the University of Toronto report to COU through ACAP by June, 1975,

on action takep in regard to this Recommendation.

-’

C18

e,

It is recommended that the University of Waterloo continue its doctoral
programme in chemical engineering according to its plans.

Civil Engineering

C19

o et

It is recommended that CUU recommend the continuance of the embargo on the
funding of any new programmes in civil enginecering until COU has accepted
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Wa Dchipline Group repurt dealing adequately viah the future role of . S
each department in vespect to the different fieids of doctoral- :esearch, C
.. paying. particular attention to. the . :alative strengths and weaknesses of
*  ‘each department and. the: ‘change in emphasis on flelds recommended by the "
| uonsultauts., The report should be submitted to ACAP by December 31,
1974 e

_ Electrical Engineering .
.]ggg;hfﬁ

It is recommended that the Discipline Group annually identify :hose
'areas of eleédtrical engineering which they considei relevant ta the .
‘present and future needs of Canada and make their findings' available.
“to the granting agencies and wvarious associations of iadustry in order -
to stimulace a continuing dialogue with industry
c

It is recemmended that Carleton University con:inue its doctoral wurk '
in egactrical euginee:iwg according to i;s plans.

L:F‘)" (22
It is recommended that McMaster University continue its doctoral work in
electrical engineering according to its plans.

€23

It is recommended that the University of Ottawa continue to offer a

doctoral programme in electrical engineering restricted to theses in
digital communication systems and large-scale systems. This limited
programme is to be appraised as soon as possible. Enrolment of new studencs
should cease as of December, 1975 if a favourable appraisal has not been
obtained. ' '

e

It is recommended that Queen's University continue its programme in electrical
engineering concentrating in ‘the communications and systems fields, with

. occasionally a student in cognate areas of electronics and energy processing.
Any proposed substantial developments in these latter two fields would be
submitted for appraisal. - It is also recommended that the depdrtment maintain
enrelment: at {tg present level.

€25

it is recommended that the. University of Toronto COﬂtiﬂuL its doctoral work
in eiectrical engineerxng according to 1ts plans.




€26

it is recommended that,the-Uﬁiversity of Waterloo continue its doctoral
work in electrical engineering according to its plans. o o

Mechanical Engineering

&32

'It_is recommended that Carletén, McMaster and Queen's Universities continue-

- their doctoral programmes in mechanical engineering and during the coming
vear give-careful .consideration to the feasibility of a stroager -development
of foei of {interest in the special areas of strengths suggested by the
consultants. -The Universities are requested to report to COU and oCUS, -
through ACAP, during the Fall of 1975, oh the results of these considerations,

v28

It is rocommcndud-that, if the Univérsity of Ottawa wlshes to reactivate

" doctoral programme in mechanical engineering, it give careful consideration
to allowing some further maturing of the department before applving for
appraijsal.

€29

It is recommended that tine University of Toronto continue its doctoral
programmes, in meohanical_engineeriyg,in_its Department of Mechanical
Engzineering and the Department of Avrospace Studies and Engincering.

- AUAP suggests that the University consider the consultants’ recommendation
ot a greater concentration of research activities of the Department of
Mechanical Engineering on major problems of national concern. it 1is
recommended that the University inform COU and 0OCGS through ACAP, during
the Fall of 1975, of any decisions taken.

(30

It is recommended that the University of Waterloo continue its doctoral
prograsme in mechanical engineering., ACAP suggests that the Unlversity
consider &he consultants' recommendation of a greater concentration of
research activities on najor problems of nacional concern./ It is
recommended that the University inform COU and OCGS throug& ACAP, during
the Fall of 1975, of anv decisions taken.

Mutallurgical and Miterials LnginueriQE

3]

It is recommended that the ‘universities take note of the consultants'
recommenddtions 1, 2, 3b and 3¢, dealing with the weakness in certain
ficlds of studv in the province and that the Discipline Group report
EOACAR o ane aetion taken Tin consequénce of these redormendat ions.

PR TR WALy % 1 S



c32

1t is recommended that McMaster University continue its doctoral
programmes in materials science and extractive metallurgy, and noting
the strength attributed to these programmes by the consultants, make
4 report in the fail of 1975 on - the following suggestians for
imptovemgnt' :

A, ccruitmen: pf students with physics and chemistty backgrounds
b atrengthening of the ex:raccive mctallurgy faculny .
S : . ; s
e Lollabora:ion with Toronto. o L . .

a3
It is recommended that deen S Universigg»continue 1its doctnral work
in physical metallurgy and discontinue the doctoral programme - in S
extractive metallurgy and miperal engineering as it now exists and teplace
it by ‘an enlarged programme involving professors .in other departments as

. suggested in the consultants' report. This new programme should be
appraised and this should be completed by December 31, 1976. I1f Queen's
does not wish to enlarge its programme in extractive metallurgy ‘and mineral
engineering, the present programme should be put forward immediately for
appraisal, ceasing to enrol new students by June 30, 1975, if a favourable
appraisal s not obtained.

34

it is recommended that the University of Toronte continue its doctoral
programmes in its Department of Metallurgy and Materials Science. It is
suggested that Toronto give careful consideration to the consultants'
recommendat ions concerning broadening the programmes and it is recommended
that the University report to COU through ACAP by September, 1975, on any
‘progress made in this direction.

33

e -

\../

It is recommended that the University of Waterloo‘continue its enginéering
doctoral work in extractive and process metallurgy and in metallurgical
cnrineering and materials science according to its plans. '

Mining Lngineering

/

)

>

1_

-

It is IOLommendeduLhat Queen's Upiversity continue its doctoral work in
mining engineering in accordance with its plans.
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épiﬂw; Industrial Engineering and Systemé'Design

A~

————

It is recummended chat the University of Toronto conninue its.dcc:oral

“work in human factors engineering, management 1nformation ‘systems and
'Tzz ations research. )

e

. . . . ~
- ) . S

1t is _recommended that | the Univarsity of Waterloo centinue its do?torai‘-

» programme in systems design.



1I. BACKGROUND AND PROCEDURE

CIn June, 1968 che-Cemmittee of Presidents nf :he Universities of
Ontarioy after a meeting with the chairman of the Committee on - -
University Affairs, decided that a comprehensive review of engineering
education in Ontarie should be undertaken. The Committee of Ontario
Deans ‘of Engineering (CODE) was requested to draw up plans for such

" ’a.study, and this proposal.was. appruved by . the Committee. of Presidents -

" on November 15, 1968. The objective was to create a master plan which

could be used as a guide for rational growth of engineering education
during the 1970's. ,Suagta plan should endeavour to provide for .the
highest attainmable quallty, the best use.of resources, opportunity
for innovation, and maximnm freedom of choice for students.

This s:ud; culminated in the reporc ing of Irog prepared by a commission
- ¢haired by Philip Lapp. . _ _ '

The report was received‘by the Commit;eg of Presidents in January, 1971.
A process of review of the report's recommendatiouns was established,

CODE prepared a brief based on statements of views submitted by

“each university concerned and by each Faculty of Engineering. - Briefs

were prepared also by the Ontario Council on Graduate Studies (OCGS) )

“and the Association of Professional Engineers of Ontario. On

October 5, 1971, the Council of Ontario Universities (COU). considered

Ring of Iron and the briefs and prepared a statement of reCommendations
to the universities and to CUA.

COU accepted a number of the Lapp recommendations without change, others
with amendments and rejected some. . Broadly speaking, the recommendations
to do with undergraduate matters were accepted or modified slightly. ~f
The graduate area of the report was more controversial, but here also '

some recommendations were accepted. The most significant of the

.recommendations concerning graduate study, as approved by COU, are:

"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 vstablishment of a new degree at the docterate leVel.

"Both universities and industries should recognize joint appoint-
ments as part of the career structure of their senior staff;
these appointments should be increased as far as possible.....
Bv this we understand a system of part-time appointments.

"Over -the next two years the estimated graduate enrolment of
2,000 full-time equivalent students for 1970-71 be reduced
by 174, after which graduate enrolment should be limiteéd to
a number equal to the previous year's bachelor graduations.
. The enrolment figure applies to the engineering departmentq‘_-
- as identifed in King of Iron". '
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"The recommendation that the number of PhD students enrolled
be reduced to 450 per year is fully supported by all groups
inciuding COU.- ‘However, COU, along with CODE .and 0CGS, o
recommends that the figure of 450 be the target for 19?4 75,
“rather:than for 1973-74, for reasons-related to avoiding
- large fluctuatians 1n enr- Lment as explained in :he OCGS T
i:crigiqne_“.*” T . : , FUR L s

. "The Lapp report re;ommends specific numbers of ‘PhD enrollees
- for-eart-of the-universities including discontinuance of the
PhD enrolment In certain universities.. COU feels that the
reasons for the numbers chosen or -for the eliminatian of
‘cercain doctarate prOgrammes are not fully documented in the _
Lapp report. ' COU also agrees with CODE and OCGS that
attention must be given to the r.mbers of doctorate
" enrollees by discipline -as well as by- university.. For
these reasons COU recommends that for the year 1972-73
doctorate enrolment. be reduced in each university below
. the projected figure for 1971~72 by a pro rata percentage
"¢ in order to provide 612 doctoral candidates (the number
required to achieve the target of 450 in 1974-75)., Pre-
liminary acceptance of. the OCGS method for reducing. PhD
enrolment (by limiting new PhD enrolments to achieve a
total system number of 450 by 1974-75) is based on plans for .
discipline .planning assessments respecting PhD programs to
be initiated immediately and completed as rapidly as
_possible. Such assessments will bhe carried out by. ACAP .
in cooperation with CODE; they are to incorporate capabilit},
~demand and quality correlates, and are to -be used to provide
specific recommendations on changes for the total PhD -
enrnlment, and for the division of the enrolment amongst
un‘ 2rsities and amongst disciplines. The assessments are
to incorporate a review of the effects of the pro rata
; reductions ir. 1972-73, and to recommend a mechanism for
o : continuing rev.ew of PhD enrelments.”

Un receipt of this instruction from LOU, ACAP and €ODE LQtabiishcd
liadion committee (Ayers, Dillon, Ham, Jolmson, Shemilt, Melntosh, PresLun)
which drafted procedures for the assessments. It mav be noted that

the committee considered a model in which the assessments were based,

not on the five traditional departments found in engineering facultices,

but rather en Interdepartmental arcas of research; the practical
difficulties of conducting the assessments led the committoee to

recommend the five-fold subdivxsion actually used.

The procedure developed in this wav was approwvid by ACAP on March 17, 1472,
and by -COU on April 7. The procedurc (except for minor data amendment s)
is that in Appendix D to this report, In writing to indirate its
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-approvnl CODE expresseé cheif understanding that two obj“ctiveS‘wuuld
be met: )
"1, To nrovide a- rational basis for doctoral work In engineering
.- amde for cenfirming ar modifving the limitation on enralmentbn_'_
= ~=u5gested by Lipp : . :

ﬁ“é{“‘To conduct a really effeccive assessment of the quality of
- oour current doctoral programmes. : .

[EYS-N

'FLGBh went on to emphasize the né}Q of adequate tesources to obtain the
best consultants. : : : R

 In order to bagin thu planning assessments; the ACAP/CODE liasion
comm?ttee called a meeting of members of the five Discipline Groups _
" (Chemical, Civil, Eleccrical Mechanical, and Metallurgical Engineering)..”
This meeting on April 12, 1972 indicated a good deal of faculty
resistance to the conduct of the planning assessments and - uneasiness
about some perceptions of some aspects of the approVed procedures.
This resulted in a delay in mounting the assessment. CODE suggested-
~ a Coordinating Task Force, consisting of two ‘members of CODE, the
_Lhairman of each Discipline Group, and a member of ACAP could review
the procedures. ACAP advised COU to agree to this request and the
COU executive did so on June 9, 1972. This Task Force held meetings
on June 29, July 27, September 1, L=ptember 25, November 29,4972 and
March 19, 1973. It suggested two slight additiens te the\procedures
as approved earlier by COU, These were appreved by COU en\September 25, 1972
The Task Force also produced a document clarifying some aspacts of the-
' procedure -in detail, and a statement of some educational philosophies
A concerning doctoral study. These documents are referred to in the
=~ . . terms of reference of the consultants. - The Task Force also advised
‘ ACAP (and so did universities) on how to take into account fpr planning
SR purposes those doctoral programmes in Faculties of Engineering which
‘ did not fall obviously into the fields covered\gz\ini“gf e five
- - consulting teams. It was eventually decided that:

a) both the metallurgy and the mechanical engineering consultants
would be asked to consider the metallurgical work within the
Department of Mechanical Ffigineering at Waterloo

b)Y no advice from external consultants would be sought on the dontoral
programme in mining engineering at Queen's

¢} a small-scale "planning assessment” involving two consultants would
- be carried out Iin industrial cngincering and systems design

d) in view of the fact that.all current doctoral students at Guelph are
in hvdrology and that the field of agricultural engineering is also
proposed, the civil engineering consultants would be asked to consider
the Guelph doctoral work, with the understanding that if they so wished
'ACAP would facilitate  a consultation for them with someone in a :
dcpartment of dgriLulturdl LngLnLuring

i,
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-e@) - the-mechanical engineering ‘consultants be’ asked to-:onsider the  ° °
~ doctoral work at the University of Toronto Institute of Aerospace
Studies and in aeronautical engineering at Carleton, with the . )
' request that they consult also with .another of the ACAP. consultanCs '
. (on the Electrical Engineering team} who h expgrtise in some of "
" ‘the UTIAS work outside mechanical engineering and also with an
”‘;durUSPace specialist L _H‘H,,b.‘ﬁv_¢__;h
£ advice on che faCure plans of the oepartment of Management Science
" at-Waterloo would be sought. from the consultants -in the planning -
‘ Jaqsessmenc in Administration.-susiness and Management’ Science,
‘with a comment also provided by che consultants on industrial
» engineeting. . : ‘
g) no Special arrangements were needed 1n cannection with bzomedical
engineering at Toronto since the corresponding institute has no
'graduate programme of its own, and the future doctoral \plans are’
covered in the statements from each of the assaeiated departments.

Inem f will be dealt with in a 1ater report. The“remainder are
- covered in this report. The mechanical engineering consultants informed_
'ACAP'thac they did not require the aésistance sugges:ed in item e,

ln dctober, 1972, CODE proposed ‘that a s;udy be carried out, under the
- aegis of the newly established Canadian Engineering. Hanpower Council,
- . _".and with financial support from a number’ of dgencies, in order to make
- recommendations about "supply :nd demand" for engineering doctorates.
This -would-be expected to be of great vglue to the planning assessmenté.
ACAPR agreed to this suggestion, provided funds towards the costs, and
“incorporated reference to the study into the insttuctions for the
consultants. In the event, the study provad rather disappointing; it

L _”“" is discussed later in this report.

As a result of suggestions from the Discipline Groups and after receiving
comments from the Coordinating Task Force and from CODE, ACAP agreed on
consultants at its meetings of September 7-8, October 13 and December 18,
1972, The consultants who finally acted were:

chemical Engineering: Dean P. Grenier of Université Laval,
Dean W. R« Marshall of the University of Wisconsin,
Professor L. Yaffe of McGill University

vivil bngineering: Professor W.W . Eckenfelder of Vanderbilt University
Mr. B. V. Martin of aAlan M. Voorhees and ’
Associates Ltd., Professor G. G. Meyerhof of ; .
Nova Scotia Technical College, Dr. .J. L. Boulct
of Hydro-Quebec.

Llectrical Engineering: Professor A. D. Moore of the University of British
Columbia, Professor M. E. Van Valkenberg of
Princeton University, Dr. M. P. -Bachynski ot
RCA Research Laboratories

-
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Mechanical Engineering:| __ Professor H.W. Emmons of Harvard University,
: . Dean G. Ford of the University of Alberta, L
" Dr..R. D. Hiscocks of the National Research .-~ . (. °

Council of Canada, Professor $.G. Mason of o

 McGill Untversity - o o - PR

Metallurgical Engineering: Professor J:J. Jomas of McGill University, . ... ..
~ - Professor T.B. King of -the Massachusetts
s . ‘Institute of Technology, Professor W.S. Owen
Y 1 1 Northwestern University and M.I.T., - -~ =

.. .

Dr, W.B. Lewis of Atomic Energy of Canada Led.

Brief curricula vitarum appear in Appendix G. ‘In each case, the last named
person played the role of a senior Canadian from outside the discipline. ‘
The_consultants'held:their-firsc'meetings:aﬁ-varipus dates in April.and . .. ... .
May, 1973 and in each case met with the appropriate Discipline Group,
arranged. the schedule of visits, discussed their character snd had
_general discussion with the Discipline Group about the. task before them.
. The visits took place in the two or three months following these meetings.

The consultant teams each submitted a draft report in September, which was = -
the subject of oral discussion with the Discipline Group at a meeting within -

. a few days of the receipt of the draft. Each consultant team then sub-

~mitted its report. These reports were sent for comments to the universities,
to the Discipline‘Grou%s and to CODE, each of which sent comments to ACAP

" ‘at various dates’in November, December and January.

" & subcommittee of ACAP began consideration of the report to COU, before all .

" the comments were in hand and continued its work through March, 1974, reporting
regularly to ACAP and receiving instructions. Early in its meetings the

7 committee identified some points on which further information and reactions

- were required. In -particular, the need for fuller advice from the consultants.
was felt in the cases of civil and mechanical engineering. Such further
advice was sought, with resuits discussed in the relevant sections of this
report.. ACAP also thought some further information would be helpful in
connection with three of the universities and arranged meetings with~efficials
of . these universities and members of ACAP.

Th's report is based on the consultants' reports, the data collected for tie
studv, the universities' comment's and supplementary material from some of
them, the Discipline Grou responses, and the other documentation referrcd

to in the procedures and terms of reference. The report sets out recommendations
for COU on doctoral work in engineering in Ontario for the next few years.

As ls required, ACAP presents this report directly to COU. 1t has also béen
transmitted for information to OCGS, CODE, and the Discipline Groups.
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III.. . GENERAL Rsc;ommm'rxbsé

This section of the - ALAP Teport contains recommendations chat are

ot &cnsral concern to all of engineering. = Some of these recommendatxons
have “been’ m;ntioned consistently in all the reports while others, :
11t“nngh uund in, only one reporc, are applxcable to all doctoral )

pru;..r mmesy :

Enrolment and Mangpwer Forecasts_j

In the summer of 19?3, ‘the Canadian £ngineering Manpower Council

“released its reéport Lntitled _Supply and Demand for Engineering Doctoratus

in Canada. . This repert was partly financed by ACAP and was given to all
the L>nqu1tane teams. prior to their writing of their reports. It

”hgnerallv states. that the supply of engineers in the next five years will

excéeed the demand.

A summary of the éommgnts~made by the engineering consultants concerning
this report . shows that they all independently disagree with the
projections made in the CEMC report. They believe there has been no
overproduction of PhDs to date and, in fact, there appears to be a
shortage of metallurgical Phis. Each team believes that the need for
sngineers will not decline, as predicted by CEMC but that the overall
demand will continue and in actual faet, all but the civil engineering

~consultants believe it will increase.

ACAP. had originally intendeé to publish a eritique of the CEMC report.-

"ﬁnuthr, C€ODE in its repsonse to the engineering reports, Appendix H,
has included a statement on this report covering all the points ACAP

wished to make. ACAP's critique will not he reproduced, but we feel

";hat the CEMC report is not an adequate basis for manpower plamning in

cagineering. Siace all the consultants agree that supply will not exceed
demand but perhaps rather the reverse, the question of supply of qualificd
students must be studied. The main problem will be attracting Canadians
into engineering graduate work. In 1972-73, of -the 518 F.T. iengineering
Phids, 18.6. were Canadian, 53.3% werce lancded immigrants and ghe remaining
13.17 were on student visas. ; s

Chanses in the immigration regulations make it harder to become a landed
immigrant. $Since one can no longer apply for landed immigrant status
while {n Canada, those that come on student visas will presumably return
to their homelands. Coupled with this is another new regulation that

1 teaching assistantship is no longer classified as a job, thus making

it harder to obtain landed immigrant status, Consequently, ACAP

feels that the percentage of landed immigrants in graduate work
will-drop while the number of students visas will increase. Financial
support for people on student visas is scarce. There are very fow
ascholarsiiips or bursaries open to them but in engineering they may be

S
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supported from contract funds. ~In any case, there wild be funds for=: - i -
oniy a few. Although Canada-has a role to play in providing advanced
tevhnical wducation for the underpriviledged countries of the.world,
¢ © tuis should be kept to a reasorable level and should not’ exceed 307 -~
- of engineering doctoral vnrolments, AR

VoD, on. page H-9. of its requnse*vstates.;hat‘?unless,the-?foPQFtion-"“ﬂ
of Canadian bachelor degree graduates choosing to undertake PhD ‘studies
changes. drastically, the numbers -of qualified applicants coming forward
: will certainly decline". There are suggestions that student stipends
- ~be increased.  We remain unconvinced‘thgt'SEipeﬁﬁs"nééd75é7anylhighef"‘”
‘ ‘in engineering than in agy other .field, but there is onme exception .
and this is that people with substantial professional experience
rerurning to graduate study should be supported at a higher ‘level,

ACAP is inclined to agree with the University of Waterloo's comment, -
page G-29 in its response to the chemical engineering report, that the =
best way of attracting Casadian students is a 'change in the general
atmosphere surrounding éoctoral,work~in»engineering‘in this country
and to c0nvince,the'brigh:estfydung'Canadian students that-there are
~ _«hallenging opportunities for advanced work in Canadian industry".
increased dialogue with industry as well as up~to~date information on
jobs available would make the employment picture brighter and more
" alluring to prospective Canadian graduate students especlally if the
‘number of industrial scholarships were increased and more interaction
were seen to be taking place between industry and university.

“This dialogude with inddstry is needed tu ensure that more-Canadians

. . - - continue in graduate work. 1f industry indeed has a_ place for the
master’s or doctorate in engineering, more must be done to encourage

_wood students to stay in university instead of taking a job after the
bachelor's degree.  Industry in its hiring policies can encourage this,

'he chemical engiocering consultants recommend that the universitics
should endeavour to develop entreprencurship in students. They feel
“rhis is a quality so badlv needed at present in Canada®.

It dous not scem as though untarie will uvarprod&he'éﬁg{ﬁeefing PhDs in

tie next five years. The question is rather whether there will be cnough

qualified students. In view of this possible shortage, the following
recommendations are made by ACAP.

wecommemtation Ol

1t is recommended that COU abandon the quota of . 450 doctoral
student enrolment in 1474-75, and plan on roughly the present
enrolment for the pext {ive vears, assumipg greater interest

bv Canadian students in ¢ngincering graduate work., If this
interest does not materialize, the enrolment will undoubtedly
drop. 1o any case, it 1s recommended that CODE be asked to report
annually to COU on enrolment and . employvment opportunitics.
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i is reuommended that stepa be taken to inform potential
 candidates of -the value of a PhD in many phases of government
.. and. induetrv, not only in research .and development. .The. o
_universities,* individually and LOllECCiVely, through agencies S
“such ;as CODE, 'should discuss with the industrial ‘and governmental
. meloyers steps to be taken jointly in order to overcome the
. shortage of Lanadian students. . L -

xechmendaticn C3

It is recommended that the universities maintain the situatien
where Canadians and landed immigrants constitute at least

/0% of the doctoral earclment in any programme, at any one time,
even though the number of landed immigrants may dect&ase.»-

hcxommendation Cé

ST It is reLommendEd that the universi:ies, the provincial goverﬁmen:,

- and granting agencies consider the remarks of the consultants and
examine the extent to which the limit to student income deters
Canadians from entering graduate work. Means of supplementing the
income of professionally experienced students should be examined:
increased contacts between faculty and industry could lead to

. Increased industrial support. e

Admissions

ACAP does not support the view held by the electrical engineering

consultants, namely that admitted doctoral candidates should have first

class standing and proven research ability, Many students who graduate

with high second class honours have become excellent research enginecrs.

lhe usual minimum standard of the better departments is a high B and all -
the consultants agree that high standardq cf admissions prevail gencrallv

accomendation €5 - -

1t is recommended that each Discipline Croup monitor anmually the
adaissions experience of each programme (post facto) and report on
the quality of the admitted students to ACAP for transmission to Coil.

CODE agrees with ACAP on the annual post facto andlvsxs of admission

- px ractices (page H-3). The chenical engineering -consultants have sugpestod

“that should it be found that students have been acecepted who, in the

vpinion of the committec, do not -fulfill the minimum requirements, the
comuittee advise COU that a recommendation be made to the requisite ‘
authority suggesting no BIU be -awarded for that student'. ACAP does not .
feel this te be necessary at the present since regular reporting by the ’
Diseipline Croup should exert considerable pressure if an institution .




repeatedliy admitsﬂﬁcudents‘of‘a41§w‘staﬁdaf&.

Undergfdduatn*hradudtL Relationship

. Some consultants agsert that ‘eaéh: deparment Should ptovide all

levels of studves bachelor's, master's and doctoral. .Some go so far
as. to sav that a doctoral programme in each department is essential.
CODE, on the other -hand, feels that what is important for a good
undergraduste programme is research and professional- activity by the
faculty, and that:this can be carried forward without ‘graduate. Stﬁdents.~

“although at present the research activity is most easily carried on

through graduate programmes™{page H-3). ACAP agrees with the positi
stated by CODE and indeed applies it to all subjects, not only engin
but with the comment that im many flelds it is not. difficult for a .
professor to be active in research without having graduate students. »
We would point out that the other position would imply that no department
should exist unless it can operate an effective doctoral programme,
a view which we find: impossible to accept. The ahsence of sufficlent

" research and professional activity by professors would raise questions
about the quality of a department and hence of 1its undergraduate
offerinns, whether or npot {t offered doctoral work.

e:i

Thesis Quality

.. Recommendation Cé

it is recummcnded Lhat all doctoral thesis examining committees
should bave an examiner external to the university.

Since some of the consultants the made reference to the make-up of
esamining committees ACAP would wish to endorse this practice of
including an external examiner.

Critical Size

hu aprec with LODL that there must be suf ficient range of interaction for
the student and that the judgement as to the presence of this interacrion
wmust include consideration of the involvement of persons outside the
student's department and should include post-doctoral fellows and research
assvciates as well as students. Although these planning assessments

were vertical, as CODE suggests, each department was asked to state the
extent of this interaction in its university., We agree that there is

no a priori reason why a small scheol cannot provide as satisfactory an
environment as can a large school. The question is not one of principle,
‘but one of fact: doos university A in fact provide the requisite environment
for interaction for the average student in its department X? :

Most of the Lonsulaﬂntq LUﬁRldLrLd this quebtion carcfully and mado vpecific
corments but others provide no evidence that they examiped the matter in




-17-

any of the universities. While most agree that successful programmes

can exist in small as well as large. departments, the consultants still
expect. a wide range of courses to be offered.. This in turn requires a .
certain pumber of students to make the ceurses econamically feasible and

, 1c\demxcalﬂv qtimulﬁting. : -

Mobiii;ylef Stﬁdents

"Ihn chemical enginuering consulcants are concerned. about . the lack of
mebility of engineering students.. They do not consider it a good
cdu;ational experience .to study for all ‘three degrees. the bachelat 8,

the master's and the doctorate, at the same university. Such a pragramme,'
~lvads to inbreeding and. sameness and precludes any chance for the student
_tn come in contact with different faculty, students, milieu and methods.

Une sume:imes hears a professor accept this in theory, but thea say that
in pragtico the student must not. be prevented from going to the university .

" of his choice. That view appears to us to be correct, provided the student's

choice is made on sound academic grounds, based on good information of
the opportunities that are available to him, and taking account, of
course, of the undesirable aspects of remaining in one university.

¢

Recommendation C7

It is recommended.that-each Discipline Group and CODE develop
propesals for making information on graduate work in all Umtaric
unfversitles readily available to the engineering students, in some
collective way and inform ACAP of the action taken. .Each Discipline
Group should report annually on the university last attended by the
graduate students in each departmeat.

- Part-time Prggrammes

in 1972-73, 187 of the docroral students studving engincering were doing
s¢oon a part-time basis. 651 of these students were Canadians and
Aictier 32,50 were landed immigrants. It would appear that these part-
timue programmes are being used by the profession to upgrade the skills
aul knowledge of {ts practising engineers,

s «unsultdnts seem divided on the issuc of part-time programmes, sore
«i‘ing ‘such undertakings should be varelv encouraged" and others,
“rfull cncouragement should be piven to part-time doctoral programmes,”
WA fecls that there is a place forithe piart-time programme and that
sareful attention should be devoted to designing part-time prugrammes,
b«%rxng in mind the strengths of the departments. One of the dangers

5 metimes noted “is that students become involved, under a part—time
superviSUr,_in a project in an area in which the full-time staff has
limited vaxpertise; this is not recommended.
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Recommendatioh‘cs

It is recommended-that at the present any. part-time or non-resident
doctoral work sheuld be by indiyvidual arrangement and that experi-
mentation in this type of programme be encouraged. - It is also
recommended that the research topic of the student accepted on

a part-time basis be in a field in which the professors in the
department have expertise. It is recommended that OCGS examine
existing university guidelines-in this area.. :

Cooperaft fon

One of the main points that all the consultants agree upon is the need
for increased cooperation both within and between universities. The
. chemical engineering consultants found a need for increased inter-
action dbetween the engineers and the pure science faculties. Some of
the other consultants felt the need for more communication and cooperation
between the universities and industry and govermment. Lastly, more
effective use could be made of the resources in the province if the
universities themselves joined together in some form of cooperative
endeavour. CODE endorses this last point quite strongly in its
response, page H-4. Sharing of equipment, discipline meetings and an
o interchange of credits for graduate courses are A few of the methods
T listed by CODE that are to be encouraged on the way to making this
cooperation a meaningful and workable venture. ACAP concurs with the
o  statements made by the consultants and CODE and strongly supports their
B implementation.

ACAP intends to request that each Discipline Group report regularly
to ACAP on interuniversity cooperative arrangements.

»

Faculty

‘ Two sets of consultants faund enough disquieting evidence in the engineering
faculties of the province e _suggest that the requirements for a faculty
member, eligible to supervisé~graduate students, should he reviewed and
enforced. ACAP takes no posigxcn on whether or not there should be a
separate Graduvate Taculty, but there must be a mechanism to ensure that
only those faculty with proven research ability and productivity

_supervise pradumte students.

Since this concern has been mentLoned in other assessments, ACAP feels |
It is time that OCGS conduct_a review of this area..
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Time to Reach Degree

The electrical engineering consultants were concerned about the

~ length of time taken to obtain the PhD.  As they pointed out, the’

average student at one university tock 13-20 months longer to complété
his doctorate than -his counterpart at another university. As a
whole, they found the average time of study to be excessive.

' RecommendaciOn'CQ

»

' It is recommended that che universities report to. ACAP (for
OCGS) each year. on the.time taken by each graduating studeant -
to complete his doctoral studies.
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1V, UNIVERSITY RECOMMENDATIONS
: -*’. ’

Lngincer;ng was spli: ingn five separate assessments, ane for each of. 7
the five traditional fields of engineering. Two universities, Western

. Ontario and Windsor, do not administer their doctoral engineering work . .
Calene taese lines but rather on an incerdlsciplinary basis that cuts N

“horzoatally across engineering. For this reasori, these two universi:ies _
are. beIng. dca&t~ui;h sepatately and not as part of the more standard . N
appreasch evident in the five assessment tepotcs. gimilarly,‘ruelph also
is included in this section.”“_7  E . S

: Universichof Western Ontario . | o | :

 ‘xh& Unxversity of weqtgrn Ontario began to offer docto:al wnrk in

eapincering in 1965. Since cheﬁ. twenty PhDs in Engineering Science
have been ‘granted. From the beginning effort has been made to emphasise
its 1ncerdisgipl1nary nature and there has been a limited number of
aredas in which the student may do his graduate training. At no point. .
has 4 doctoral degree been given In the so called traditiopal fields of

Cenginecring. -

?h@re are seven main rgseérch afeaé in'whidﬁ a student ﬁay_obfain a
PhD in Engineering Science. They are 1. Geotechnical 2. Boundary lavyer
wind Tunnel 3. Chemical and Biochemical Process Development and Design

4. Material Science 5. Systems 6. Applied Thermodynamics and 7. Applied

Electrostatics, Environmental engineertng aspects can be studied in
411 these, research areas except Material Science.

_&estvrn s response to the collective engineering plcture gives the 1973-74 .
cnrolment as 29 F.T. and 15 P.T. doctoral students, In the additional

_data given to ACAP, 18 of the 37 current students' programme of study

cut Nined were in the chemical engineering fleld, 8 were civil, 5 mechanical
and Ngach in electrical and material science.

*

Thy-hemical engineering cansultants have provided evidence of that programme'é
;Epéng of sood qualityv. The systems‘research’ area depends heavily on

“hemical engineering. ACAP, therefore, concludes that ‘the research areas

c¢hemical and Biochemical Process Development and Design, and Systems are
2f satisfactory quality. :

The metallurgical engineering consultants have recommended that the Material
¢rience programme boecome a part of an interdisciplinary programme rather, s

- than an exclusively material science one. This was in part based on the

:act that the group is small~and spends most of its time teaching at the
sndergraduate level. Thev are Mearrying a large programme for a group which
ix subcritical in size." From the additional material supplied by Western,
there is little evidence of ipterdisciplinary activity for students who
saeht be Juing research in this area.  ACAP ceoncludes that this area should
ael- be aperating at the doctoral lewel.

. 4



L The areas of mcvh&nigdi engineering doctoral. research work are subsumed

- ) . . .

-~ under the maln research area, Applied Thermodypamics. The consultants
“a-indlcate that the doctoral research connected with heawy water is of -

© omood: quality but they raise very serious guestioms about the doctoral. v
;fﬁ_wark in acoustivs, They feel this area should be restricted to work at /
 7tﬁb istcr s luvvl. - ' o ' ' . - '

_‘Thu LiVil engineeriug consulcants -did not- make comparacive judgements,
but from some of the phrases used to describe the Boundary Laver Wind

';&{Tunn;l Laboratory such as "internationally known", ACAP has no reservations o
T In recommend ing cont inuance of doctoral wotk in chib research area, even
" though it appears to have little interaction with other groups. The

ivil enginecering consultants told us nothing about the GeOQ§fhnica1
~area and we, therefore, had dif€iculty in tecommendiag a position to be

‘”iljﬁfken thh rhgdrd to this ficld..

':;Thu Last ruscarch area, Applied Electrostatics, is the most difficulr te

assuss.  The electrical englneering consultants have recommended dis-

continuance of the doctoral programme. They feel the students -are s
getiing too narrow a training in electrical engineering, We observe,

"‘huwevur. that the students are not considered to be studving for a PhD

in clectrical vngineering, but rather for a general degree in engineering
sefence, Althuughaahgrg are only a few faculty members in this area, they arc
- Internationally known. The main problem would, therefore, seem to be

the extent to which the doctoral training in this area is of an inter-
disciplinary nature. From the data available to ACAP, we are unsure.

In the course Bf discussions with representatives of the University of
Western Ontario, it became clear that the Faculty is involved {n a
thorough re-examination of its doctoral programme., It is committed

to the concept of an engineering science PhD but is ‘reconsidering the
appropriate areus of research.. While it is not entirely accepted by

ACAP that all the activity is noticeably different from that in engineering
departments elsewhere, we nevertheless believe that this intention of

the Faculty should be encouraged. A corollary is that it must be very
cvaretul about the research areas in which {t accepts PhD candidates; we
have dlreadv commented on these and note the standard of -quality seems *
variliable. '

These considerations have led us te formulate the €oiluw}ng recommendat ion.

Recommendat ion €10 “_j" o

It is rcuommended‘thac‘the-UnQVersity-nf estern Ontario continue
its examination of its PhD programme in ¢ppgineering science, and .
put forward the resulting programme for appraisal, in garticular
delincating carefully the areas of research in which it feels it
appropriate to accept students.- ln cuse a‘favourable-appraisal
is not obtained by October, 1976, admission of new students
should then be suspended. —
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University of Wipdsor

: ﬁ#riy in\kQ?i, chc'Faculﬁy‘bfAApplied.Science at the University of WindsorS

bugan to examine the structure of graduate programmes within thie Faculty

in urder to improve their operatiom, avoid needless and costly duplication
- of graduate course offerings and to attempt Lo create a greater cross-

fortilization of research by involving faculty members from different-
enginevring departments in various facets of a larger research plan. This

7 akswination led to the recommendation that Craduate Studies Be operated on

a.divisional basis, with the seven undergraduate departments being
consolidated under three gradvate divisions, namely Engineering Procuys
fesfgn, Structures and Systems. The three divisions would each elect i
chairman who would decide on éourse offerings and emrolment levels. The
three chairmen, one elected member from sach division, one graduate studeat”
and the Dean of Applied Science form a Coordinating Committee ro overs:ze
and coordinate the wishes of the Divisions. This plan was apprévud in
Spring 1972 and is wow being implemented.

" Some of the traditional departments such as chemical and electrical fall’
completely in one division. All the rest are aplit between two as c¢an be
seen fn the attached Table 1. ' . -

* : ) 1 ‘ \‘“ A
fhere are nine identifiable research areas, each of which have participating
faculty from at least two 9f the old departments and these nine ardas are’

" in turn divided fairly equally among the three divisions. -

The degrees awarded will retain the old~titles, for example, a PhD in
{hemical Engineering, but the interaction of the individual student with
othiers in the Faculty will be greatly enhanced, Depending on his rescarchs
topic, the student might take as many as half' his courses from professors
in ‘other “departments’. - U T T S “
_the consultants' comments concerning Windsor vary, but a number of their

reports imply some doubt! or uncertainty concerning the relevant departmental

programme, either with respect to the situatios at the time of their visit,

or in connéction with its future dérection. The, chemical engineering

consultants soggest - that Windsor be reviewed in greater depth., The metallurpgival

engineering consultants recommend the integfation of engineering materials ‘

faculty in the new divisional system. The mechanical engineering consultants

¢all for more emphasis on master's work. ‘In the case of elsctrical enginceriny

the consultants indicate that good worl is now being dome in doctoral educution
“in two fields, agree with the presemt plans for no significant growth in
Qnrolment and for mo expansion of fields, and go on to recommend 2 review

after five yvears. I \ - o

ln view of these considerations ACAP “feels the University of Windsor should

be given time to produce a viable interdisciplinary system of doctoral .

engineering studies beforeé that system Is brought férward for appraisal. lhis

appraisal would determine the level of quality in the new divisional system T

and whiether or'not significant interaction has been achieved botween the

staff and students of the various departments.

.
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Recommendation €11

It is recommended that the University of Windsor continue the
.. veorganization of its doctoral work in engineering and submit
" all programmes (presumably these will be the tliree divisional
programmes which are replaciag Cheuéeparzmental,pragrammes},
for appraisal when the new system hds been.in operation =
sufficiently long to permit a valid gppraisal. Enrelment of
gyew students should cease after Octoher, 1877 if a favourable
appraisal has not been obtained by that date. T

University of Guelph

The University of Guelph has for sometime offered an interdepartmental
PhD programme in Hydrology in which its Engineering School plays a part.
1t alse plans to develop doctoral work in agricultural engineering, '
which it already offers at the master's level. There are no other

- programmes in agricultural engineering in the province.

he matter of the interdepartmental programme would appear not to be
central to this assessment. It would not be inappropriate for the

¢ivil Engineering Discipline Group to keep' this programme in mind

when carrving out the study called for An Recommendation C19. Nevertheless,

{t seems unnecessary to await the Discipline Group report to make the

recommendation which follows.*®

From the planning viewpoint, there seems no reason to do other than

“accept the University's intention to begin doctoral work in agricultural
- engineering, whenever it feels the time.is ripe and .the .proposal has

passed appraisal.

Recommendation €12

"1t is recommended’ that theéinvolvement of the School of Engineering

~in the bydrology doctoral grogramme at the University of Guelph
continue and that the University begin docteral work in agricultural
engineering at a time in accordance with the University's plans, '
subject to normal appraisal procedures. R

* Lt may be moted that COU did‘nht aceept Recommendat fon €19.

(T8 @
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. cnmx'c;u ENGINEERING

"fluia athLun aaf thc ACAY . :Lpura will d;&l with the recommenda:iuna found
TTln the chemical engineering consultants' report. There will be no .
-reference made to Western or Windser since these two universities were
Lomentivned inoa previous section, It is impurtant that the consultants'
v;rcpart and the university and discipiine group responses be r;ad at the

Halie tiowe ax this ACAP report.

 ;ﬁ9pommand3£iun (13

it is recommended that the departments take note of the consultants'
recommendation 10 to group rescarch activities in well-defined arcas
s s to aestablish or reinforce teams, thus providing a more
stimulating covironment for stodents.

Recommendat fon (13

It is recomsendad that MeMaster University continue its doctoral
work in chemical enginecring according to its plans.

McMaster sperializes in process simulation, waste-water treatment, polymer
virineering, chemical reaction enginecring and catalysis, and transport

~and separation processes, with stronger emphasis on the first two areas;-
The consultants feel that McMaster's goals for the future are “realistic®

amd appear ta be "achievable and productive’.

gyvummendation Cis o

It is re&omm;nded that thL UniVthity of Ottawa cenfinue its
doctoral programme in chewical engineering according to its plans.

The Universiry of Ottawa specializes in three main areas including .
thermodvnamics and transport properties; kinetics, catalysis and reactor”
enginecering; and transport processes. There has recently been a shift
towards a greater environmental emphasis. The consultants encouraged
rtrawa te keep.up with chanpes. in the areas of research.and graduste
teacning and move into these new areas whenever possible. .

secompendat ton C16

it is recommonded that Queen's University reevaluate its doctoral-
programme in chemical enginecring In the Light of comments made by
thoe consultants concerning research activ1ty of the faculty, the
psrouplog-of research areas, the awareness of new trends in the
discipline, and the mobility of its bachelor's graduates, and submit
the programme for appraisal at the time that the University
counsiders appropriate, 1f 2 favourable appraisal has not been
received by Uctober 1976, enrolment of new students should be
snspended at that date. . . .
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arvast biochemical and environment eugincering, chemical kinuticS‘ﬁn&_ S
Creactor design, process control and simulation, thermodynamics, and e
trunspurt phencmena. These areas cover most of chemical~engineeripg&u:g

making @ rather uniform distribution of uffort. Ihe_publicationggetpgds;n‘Hg o

e of only tweo professors are very goed, all the rest being averdge ‘or low, «
00T this ralses questions as o the activities of the faculty s%peé their .~
S connections with professional and scientific societies can be® described . -
e 38 "only mildly active'. The consultants feel alarm at the number of e
- Quecen's bacholor's gradustes who undertake graduate work at the same

iust{rution. | » . : o o

Queen“’rnivcrsit gpaclalizes in the following five doctoral res&éﬁch*.
ZKS ¥ , S

cr the optimistic side, rhe cunsultants note that "the very ¢xcellent

duvelopment planning and programme forecasting suggests that the

department ‘s goals and {utuve research activities will be relevant and
" responsive to the prevalling needs of the province”.

ACAP suggests that Queen's might consider strengthening its ptesené
faculty, or alternatively,eit might*consider consolidating its existing e
vide scope of research areas. As to inbreeding of students, AGAP draws
qucnﬂﬁ attention to Recommendation C7. y N

(7

3
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Revommundation C17 : Vi W% g

, PR

It is recommended that the University of Toronto continue its
doctoral programme in chemical engineering according to its plans,
paying pﬁrs1sglar attention to Recommendation €7 regarding
mobility of Its graduates and to Recommendation Cl3 concerning
grouplng of research areas. It is recommended that the University
of Toronto report to COU through ACAP by June, 1975 on action taken
in regard to this Recommendation. o S
5 - The Eniversity- of Toronto.lists eight areas of specialization, all of which o
| show a rather uniform distribution of facvlty effort. ‘The exception is a =
marked emphasis on applied .chemistry. The consultants would like to see an
effort to group the staff in given areas of research instead of the present i
poliev of allowing a staff member “to select his own path'. The consultunts ’
did not find Toronte's statement on its plans particularly helpful and they ~ .
affered no comment on it, other than to say that “it is doubtful whethex o
any Llnerease above the present enrolment would be beneficial to these new
students or to the student body as a whole'. The University of Toronto should
alse encourage mobility of its graduates to the -benefit of other department s
anmd of the students alike. T ‘
. , R . A . af g
Recommendation CI8 T e
It is recommended that the University of Waterloo continue its ! K
doctoral programme in chemical engineering according to its plans.
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Yhe tni\or~ity uf therloo has greuped its reSuarch ac:ivity 1n§a five
“areas iocluding biochemical and food 3ng£neering, extractive and procesa

_“ncadllurgv, polymer science and engineering, mathematical analysis and
“control,-and transport processes and kinetpcs. The scope is wide, -
"gnvcrins a large part of chemical engineering but, there are defined

Tgroups, to.coordinate the programmes.. . Although the consultants considered

j the: statement of goals and objectives "less positive and- defini;ive"

tnan gthers, they were pleased to nota Waterlpo's intention "to . .ensure
~Festardh activities by the use of more post-doctoral fellows and. hired

rq&uirgh assistantq {nan-degree candidates) if this should become necessarv”

. \
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VI CIVIL-ERGfNEERING»

T

’ihe rcPort of the Livil engineering consultants contains ‘a numbar of o

o mxmportdnt tecommendatinns of a gene:ai character. : - B "f:lujﬂjf‘

;"Q}lhcir discussion of the manpower situation Supports our. Recommandaticn Cl.o-
f*5Th¢v-suggesc that it would be ‘wise to expect rather fewer students than
o the totality of the stated . -university plans. Lonsidering the uncertainty
. of the manpower analysis and the size of the numbers invelved, ACAP does
~ gt feeél-it desirable to formulate any. recommendations. about individual
. - enrolment. | ACAP does advise each’ university to consider the likelihood
. that the doctdral enrolment. in. civil engineering may fall still further
.~ .unless the fraction of Canmadian students increases substantiallv from
= its pfesent level of about 25Z.

 ;Fhu£r comment s that the "$Cudv of a civil Qﬁginécring speciality in dgpth
... necessitates increasingly...some graduate work", reinforces our Recommendation
Cvee 03 concerning publzcizing ‘the value of graduate work. : S e

Thewv ar&ue for more part -time work and closer lidison with induscridl Jﬂd
" governmental laboratories. Recommendations €2 and C8 touch on this point.

The consultants on pages A-18 and A-35 express their concern that students
tend to remain for graduate study at their undergraduste universities,
often being unaware of offerings elsewhere. We make recommendations on
thiis problem in Recommendation C7.

The consultants perceive a.need for "more consistent requirements of
acceptance....between universities”. Although we do not recommend the
particular remedy they suggest we do make Recommendation C4 in this
connection.

on matters specif1c to civil engineering, the consultanﬁs stress tie nced
for more emphasis on flelds other than structures. They call for less
stress on “traditional areas, particularly structural engineering, and more
stress om multidisciplinary education, environmental engineering, and”
transportation, They suggest that '‘change of programme emphasis in civil
engineering (will) lead to some growth im faculty when generally universities
are expecting a fairly static pericd”. On pages A-49 and A-50, they quantify

tliis shift by asking for a 20% reduction in doctoral enrolment in structures
(i.e. a drop of about 15 students) together with a corresponding increasc,
roughly equally in transportation and water resources. Perhaps rather
surprisingly they then suggest that no university should offer a news { beld
at the dUCEBfal level. (Un page A-532 they also suggest that no. uniVersxty
reduce "the range of its doctoral programmes” but on page A-31 they add ‘
“"unlcss that university desires o herwise”.

The consequence of this stance, based on pages A-25 to A-29, is summarizoed
in Table 2. ' ‘
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Possible Consequennes of the Lonsultan:s Recommendacions f
on Enrclment and Fiel.d Emphasls

'NOTE:

S - static enrolment
I - increase enrolment

Guelph; Western Ontario and Windsdr are not
included in the chart as they are dealt with
elsewhere. (See section on University Recommendations.)

' Fields v
o _. a2k Grder of R

U"i"er sities - Sz;nical ' _-'S.tris"ct:hféé‘:' .’ g:ﬁiﬁms ’Tfas{ép&ft.:;tiaﬁ' :-'-ﬁggxﬁ:eﬂ
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'_M£Wascer - s 1 ] 10
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LEGEND: R -~ reduce enrolment
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ﬁiﬁcrc‘Agu*difficultiQS;in‘accepting-these recommeﬁdatienst”ﬁFég,examplg;.J

> if ‘une “asks what' the shifts of enrolment »from structures would be, to .

tutal. around. 15, one comesgup\with‘sqmephing_lixe:;Car}exon.zg‘ucﬂastgr 0, f

©uttawa 3, Queen' s 2, Toronto 4y Waterloo 4. .. Looking then at. transportation
one -f inds docteral pxpgrammes‘at.ﬁarietgn,‘ancntn,,andwﬁatetioa‘which:mig&:,
“{uvrease by.2 or.3 at. each-place, Ope-has to ask if this is the best way. . ...

-ty develop more high-qualityﬂdQccoxal,work;ﬁuwauld,it‘bema,bet:ar.Sitategyf_ o

to encourage Carleton, for example, to build a somewhat larger.group than

“3.or 4 students? There is another concern. Are all the transportation
groups of equal promise as places'to do doctoral work? If mot, should.
© some be-strepgthened more than others?. 1f we really believe in penny—""
 packet enrolments, could a fourth university perhaps enter this field?
" The comsultants' report provides fio satisfactory discussion of these
© quéstions to Justify its proposals. . |

‘;i“ﬁﬁﬂaliy,unsatisfaétury, and pe:h$p$_mqre~basically distufbing; is the-
Cvonsultants' failure to give any discussion whatseever  {with- three small

‘"-ngcptibns}loﬁﬂghgffactsfnnd“geqscning‘which led them to coanclude that all
YUumisting programmes are satisfactory. This may be so, but the rationale is
JUfar from elesr.  As the appended correspondence (Appendix 1 -to-this section)
shows, the consultants decline to discharge their terms of reference, in

Cpartivular C3e and the paragraph following C3d. (See Appendix D).

'In particular, although the matter of critical academic enrolment size is

- discussed in generally acceptable terms,. in that the proposition is stated
.. .that there is no a_priori reason to assume a small school cannot provide

- as% satisfactory an enviromment for a Phb student as a big schoel, the

consultants neither state the characteristics of

uch an environment nor

do they make any effort to show that it exists i the several small .
programmes they examined. Although it is no doupt possible to make the
justification in several cases, nevertheles question must still loom
unscttled as to the academic stremgth (from the potential students'

viewpnint) of several of the programmes, namely Carleton, Guelph, McMaster,
and perhaps Ottawa and Queen's. (None has been appraised.) Of course the
consultants’ report, due to the lack of rationale in it, gives no reason to
suppose that the larger departwments are necessarily of suitable quality either.

AUCAP cannot justify to itself recommending the acceptance of the consultants'
plan, calling as it dees for static enrolment, small shifts of cmphasis

in fivlds, and no sew developments in any department.  We feel that tha
question of the best way to develop doctoral work in transportation and
water frasources must be more carefully canvassed and that whatever the
answer be it must be adequately justified. Some evaluation of the quality

of the programme in each broad field at cach university must be dvailable
hefore wi can make anv: credible recommendation. ' : '

ACAT would like, at this point, to draw attention to tue Discipline Group's
rusponse, Appendix B, The members of the group feel the consultants did
not “seize their unique opportunity to make qualicty judgements’ and failed

Lot Maddress themselves to the guestion of quality In the planning fuﬁctiun
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iﬂ“in their conalusions and recummenda:ions. The group thinks that N
statemenc that “documents the suné:y strensths and uesknesses 1f . they

”~ Jexist.ceu1d.we11 increase the value ‘to those:on whom the- responsihility

.. for planning ultimately rests'. ACAP therefore- makes the following
5'xr¢cammendatiaa. ‘ .

ﬁ*'Recommendation 619

It is. reeamm@nded chau Cqﬂ tecammend the canuinuance-qf :he
“embargo on'the funding of any new. programmes in eivil engineering
~until COU has accepted-a Discipline Group .report dealing .

 adequately with the future role of each department in respect :

to the different fields of doctoral research, paying.partieular |

attention to the relative strengths and wesknesses of each o

department and the change in emphasis on fields recommended
' by the consultants, The report should be submitted to ACAP

by December 31, 1974. ‘

 we regret that this recommendation is necessary.‘ We note (page A-5)
‘that the Discipline Group had not prepared for the consultants the
. report called for by the agreed procedure (page D-6). We note also that tbe
“vonsultants state that they "have formed (their) own judgement abour
- the strengths of different civil engineering departments and the areas

"‘w in which they are likely to be able to attract high quality students' -
. .we regret that the consultants are not willing to share these judgements

with the Ontario university community which employed them.
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csgs’;inmu_'n_mﬂc‘- ’ o . -+ - 21 Fabruary 1974
e Y ,
. Professor M.A. Preston
-Executive Vice-Chairman - -
Advisory Committee on Academic
Planning - ~ e
Council of Ontario Usiversities
102 Bloor Street West
. Toronto M55 1M8, Ontario

3
&

Dear Professor Preston: | .

DU Further to our recent telephone conversations, I have
~ ... . now heard from all my cclleagues who fully agree with my
S letter to you of 4 December 1973. .

. As mentioped in this letter, we did not discuss the
question of quality in our Report since none of .the civil
engineering doctoral programs were found to fall below
minimum acceptable standards.

Moreover, we did not feel the need, nor were we
‘reguired by our terms of reference, to make relative qual-
ity judgements regarding the strengths or weaknesses of
individual areas or departments, because in our Report we
did not recommend any change in the number or the range
of doctoral programs offered by any school, including the
various areas of specialization of the smaller universit-
ies. R ) , _ -

since .the civil engineering discipline group, as
well as most universities, find our Report on the whole
acceptable, we think that little is gained by getting
inteo an area which might be interpreted as an appraisal
or accreditation assessnent. .

~ Yours sincerely,

a %»;i.ﬂ&% o

. G..G. Meyerhof, Head

© Dept. of Civil Engineering
1b o
c.¢c. J.L. Boulet

“ERIC W.W. Eckenfelder .
WE - B Martin
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CIViL ENGINELHING

NOVA scom TECHN!CRL COLLEGE ‘
P P, 0./80K 1000 a
. MALIFAX. N. 8.

4 December 1?73

. professor M.A. -Preston
+  BExecutive Vice—Chairman =
o Advisory Commzttee on Academlc
- Planning o
- Council of Qntarlo Universxtles
- 302 Bloor Street West )
. Toronto HSS 1M8, Ontario

Dear Professar Preston:

After returning from thé west ceaét, I found yéur let;
ter of 29 November and enclosures, which T read with inter-
est.

In reply and following our terms of reference, we had
not discussed the question of quality in our report since,
in our opinion, none of the civil enagineering deocteral pro-
arams were found to fall below minimum acceptable standards,

I am looking forward to the comments of my colleaques,
in this regard. :

Yours sincerely,

ké&i~~~}&(ﬁv€
6. G. Keyerhof; Head
Dept. of Civil Fngineering

1b

c.e. J.L. Boulet

W.w. Fckenfelder
- R,V. Martin
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Anwsunv COMM!TI‘EE ON ACADFM[C PLAN\HNG
Ontunu Councitl on Graduate Studics

- ¥, CACHENCHE OF DNTARIO UNIVERSERIEN.
. muh‘“‘“ “ ‘ ‘ f‘ ‘wn - - 102 Hlvor Street Wost, hmmm iﬁi ntais
F \um.«u Ane ~( luummu C e S I HMLARGY .

" Postal Code: M55 ms-h

' VQG;ﬁbe >g§“§9?3

Mr. B. \’.’Mtin :

CProf. G. G. Meyerhof- - e
SPeafL WLH, k:kenfelder, Jr.

i ”Dr. R L- Boulot

"TG&ﬁfIbmcnz

: »; am unclesing all the uniWLrsity comments we have recelved on your planning
' awsessment report and the formal response from the Discipline Group. You will

- f.recall that it is intended to publish these statements.

Yéu will see frum the comments that there is considerable dissatisfacéian in

o the-universities and in the discipline group with your failure to come to terms.
. with your task of giving us your findings on the relative quality of the doctoral
.+ work in the differcnt areas of civil engineering in the different departments,
“We_on. ACAP have to agree that one of the most important aspects of the terms of

ruforence you undertook is “h: statement of strengths and weaknesses of departments,
“and that without it the report lacks credibility. Xf you are asserting that all

- -ficlds offered for doctoral work are competently dealt with wherever they are

offered, it will follow that civil engineering is a paragon amongst disciplines.
Even i true, it does not help the universities to decide which areas to strengthen.

In one of the fcw specific comments, you do suggest that McMaster should emphasize
earthquake engineering. Do you think its work in water resources is strong enough
that. it should seek to <xpand or maintain that, or, when you recommend greater
¢mphasis on water resources, do you expect this to be achieved at Ottawa, Toronto,
Waterloo and Windsor for example? McMaster (and the others, would like to know.

You tell the University of Western Ontario to emphasize boundary layer wind tunnel
work; but what about their geotechnique? Since Guelph now has 5 students in its
‘hvdrulogy programme, how can it be exploiting 1ts unique facilities for agricultural
engineering 1f its enrolment becomes &4 to 77 1s it expected to cut back on hydrology?
To comsider this, it would be necessary to know how valuable Guelph's hydrology work
is and how subbcantiai is the potential of its agricultural enginpeting pragramme.

P

S men&ion thuq; paints only as examples of the kind of question on which your adivce _
-~ would be helpful. The general point is that your judgements of quality by depar:menc
' and by area are important.  You recommend that transportation be stréngthened; we

ask, where? If all the departments say "here"”, how are decisions about resource
allocdtion to be made without the quality judgements you were expected to give?

“.;1.2}

’s
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‘Owc uf the asppcas of JLaﬁemiL qualiay has to do wlth the size-of tha studgnt

Cengolment.  You will see from the university responses that there is some
ditfwrentv'of upinion. Tia of ficial position of COD, recently adopted, s as ’
&alluws. N tRAe CRREER R (RREENRESY JREERE 5o

"'"Thg quaiity of graduate programmes is p&rtly ﬁ;pendent on size and far each

‘propriume, depending on how it is designed and its scope, there is a3 minimum: L
eostzeeaf enrolment below whkgh quality oAy - suffer. .That number cannot be expressLd -
~ for.the discipline as a whole but only for fadividual progrdmmes depending on

thelr purpmm, their resoutces and their design. B :

\\

ﬁRv(amandaticn Q.GQVpagg'SB of ynur tepcrt is.ant-inqunsisteut'w{gh-aha above

_fst;tumeu: but you do not indicate what eriteria determine the Ysatisfactory
environm&nc. In ACAP we have identilled two areas which we bealieve should be -

examined in this connection. Ome is the opportunity for the students' development
'{hrough informal intellectual discussion with a peer group with common engtnnering

Cor scieatific interests. This peer group. need not consisc only of students; it way
o idso dnclude post-doctoral fellows: It need not be confined to one department, S

hut mav include students in other departments if there is a real sharing of research

.. iaterests.  The second main area for cdnsiderarion has, we feel, po do with graduate .
o wourses.  Assuming that a course with, say, 5 or 6 students who interact is a |
O omuch more satisfdactory experience than one with 1 or 2 students, we see that the

“Jdoegirable enrolment size is a function of course structure. I1f there were a -

- programme which did not require coprses, this second criterion of size would not
Capply. But if it is felt that students should take a substantial number of
~ceourses ( as appears to be the case in all the Ontario departments), then the

consideration is valid and the situation needs examination.

It appears that some of our departments plan enrolments as small as 6 to 12.

It may be that some of these departments, because of specialization, course
structure, post-~doctoral and master’s population and interdepartmental collaboration,
offer an academically sound experienc; for the student, while uvther departments

with the same enrolment may not. Each case needs evaluation separately.

This brings us back again to the desirability of your giving a detailed analysis
of cach university. We request evaluation of quality by area of study of each
department, including an analysis of the kind of intellectual milieu established
for a student by the enrolment size.
L hope vou realize that we have a problem of reconciling the reports of the
consultants on the various engineering disciplines. One report of which there
seetis to be pretty general approval is that dealing with electrical engineering.
Ut course not all its details are accepted by everyone, but the style and coverage
ol the report has not been attacked. .1 enclose a copy, since it may make vleazer
Twiat 1 h4vc been trying to say in this letter.

After vou huiive had a short interval to considor'thﬁ letter, 1 shall telephone

Prufv« ar ﬂe,erhnf to discuss tho mechanisn of your rosponsc. We neaed your assistance.
. x ‘

“Yours sincerely,

~~ ( ¢

o

M. A, VFreston

- MAP fcew » _
‘Enclosures.  ” A " : ’
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V1L *sxscrkxcsx~ﬁﬂcxnszxixn
av,iuis ae;tiun at the ALAP repar: will aeal witb the recommendacions fonnd
{n. the'electrical engineering consultants' feport.: There will be no
references -te Western Ontario or Windsor since these two universities -
- were meatfoned in-a previous section. It is important that the consultants®
Creport and the university and disciplisie group responses be read at the
'same time as th/§wA§AP r&port.

Regammnnda:ion L*O .  7' .“.,“_ T P
, ,5“"Ic is ragommended thab che Diseipline«&roup auuually identify e
W Tir . those aress of electrical engineering whiech they consider relevant L aw e
e to the -present and future needs of Canada and make their. findings
"available to the granting agencies snd various associations of |
industry in order teo stimulate a continuing dialogue vith induatry.

B ff[ﬁtﬁér ngscipiine Groups‘might also consider this recommendation.

ﬂ_h‘tammendatlan ¢21

1t is recommended that Carleton University continue its doccaral ‘
work in electrical engineering according to its plans. - -

o _rhe work in electrical engineering at Carleton is divided into two departments,
- Electragics and Materials Engineering ‘which includes solid state device

RaRrg, circuits and circuit theory, microwave electronics and electron

s and prfpesses and the Systems Engineering programme which
concentrates on information systems such as communications and signal
processing, decision and control, digital systems design and software .
engineering. The coverage wichin these two areas is well iategrated, - R
coordinated and appropriate for PhD training. The enrolment increase prOposed
by Carleton is within the competence and capability of the present staff.

L2 3

" Recommendat fon 022

It is recommended that McMaster University continue its doctoral
wurk in electrical engineering according to its plans.

Master has outstanding strength in chree areas of graduate research and has .
pldns to strengthen a fourth., These are communications and data processing, L
modelling and design, materials and devices and, lastly, medical electronics.

Tiwe electrical engineering programme st McMaster is of high quality, with a
‘prvdu&tiVe and dynamic faculty. - : .

_ heunmmzdac im’t ¢23

- 1t . is recommended that the University of Ottawa continue to offer a
i doctoral programme in electrical engineering rastricted to theses in
S digital communication systems and large-scale systems. This
limited programme is to be appraised as soon as possible.
Enrolment of new students should cease as of December, 1975 if a
favourable appraisal has not been obtained.
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The dcparttcut 4: u:tawa spec&dli:c% in three areas, communicvation: bVHtCmH.

: -‘antrut and systems, and computer LnblneLring._mWiLh a faculty of ll, the
0 cansultants telp thar they were spread over a rather large arca of electrical
S ;vnhtncering, A small department with a small gumber of staff and studenty

Ceanoperate an offedtive doctoral programme anly with competent profudsars,’

“”“nmpleﬂentgrv fields of study” ané an. adequate rvheareh enviropment. The .

7 Tdonsultants recommend discentinuing the programme. ACAP has considered both
L tha Consultants’ report and the uniugrsitv 5 Cothiments dnd hds cend luded  that
fTOLtAwa has. a. contribution to make to roduate electrical engineering study |

in oprrating a spovialized programme of limitud seope and earolment.

HRecommendation €24

t is re.ommended that Queen's University continue its programm
}evtrfodl engineering concentvating in the vommunfcations and
R syatums ficlds, with cccasionally a student in cognate areas of
e electronics and endrgy processing. Any proposed substantial
IR developments in these latter two {felds would be submittod for
appradisal. It is also recoomended that th; dgplrtment maintain.
enrolment at its prdsent level. '

L)
P‘",M

-

Tie arcas of specialization at Queen’s arc vommunirutiunsiQsttcmﬁ,
o electronics, and energy processing.  The consultants state thiat the work
cy - in communications is goed but is only fair in systems, and that the
B ”n&parhment should not offer a programme in the latter two fields on o
epular basis. However, we suggest that an occasional student be allowed
to de a thesis in one of these fields. AUAP accepts the consultants® view
about enrolment which was made on academic pgrounds, nnt for planning

Credinons.g

.

Hecommendation €29

1t is recommended that Lhefﬁnivcrsicy_ot Toronte continue its
doctoral work in electrical engincering according to irs plans.

Graduate work at the University of Toronto covers seven arcis including
communications, computers, control, power devices and systems, solid state
electronics, wave sciences, and biomedical vlectronics. The coverage of
those fields {s more than adequate and Toronte's “star-studded” faculty
are spread over the seven areas indicating significant breadth . acress the
department, "The consultants conclude that the Toranto . department compares
tavourabliy with dny of the major institutions in Sorth America.
Rowsmmendation « 0
It ix* t'L)Hxnndud Lha: the LniVUrsxty ot hatarinn cont inue its
doctoral wary in electrical thxneurxn" e ardxng tu It pl)n,.

Fie {nxverthv of Wxterluu concentrates in five major areas xncludinb
Gomputers and communications: controly Systemns and networks: devices, Piraults
and ngtnrlilu' pover engineeriq; and, antennas and electromagmetic
‘aninecrxnh.. There are two minor fields, hioengineering and electroacoustics,
awd - thoese fivldq should be limitad fn size to the present level of activity,
“ith Waterloa' s highly competent faculty and wedl-equipped facilities, there
ls no quuhtxon that the varolment level planned by Waterloo .can be accomuvdated.

T
ORI A v 7ex: provided by ERic
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VITI.. MECHANICAL f:ncmsam;_

R . . A
‘There are a number uf ganeral necummendacxans and camments made in the
mechaniaal engineering consultants’ report that are aimed at the system.
©" as“a whole. Recommendations for the individual univarsicina fallow this
"muﬁu general section. - o
lhe methanieal cngineering cunsultauts do not anticipate any oversupply -of
mechanical enginewrs, ‘They believe no Martificial .edict" is-necessary to
. control the number of. Phi's.  Un the contrary; they suggest the problem .. . .
will beone of- Jvaxlabillty of good studentis. - The consultants think
that Untarie might, in fact, haVe a shertage of mechanical gngineers.

;g.ﬁ;

 '1 "Frhdx:iuual classical™ versus “applied" research prajects and a shift in
”i-gmphasis ‘of study-are the next problems attacked by the consultants.. They
feel that the doctoral education of today should shift more towards project

and desigp activity, -To this end, they advocate increased dialogue and .
&ooperatxon with outside agencies such as industry and government. "If

- we look at the problems before us today in the fields of energy, transportation,
-or the environmenmt, it is apparent that there are msny gaps in the knowledge
‘which should be attacked systematically to provide the basic design data
‘which is evssential to advances in engineering and advances generally in

” 'teuhnelcgy on the broad front”. The cossultants also recommend a change in

e ciopliasis in flelds of study. Sume areas of research that need to be developed

L o are listed on page A-14.

The consultants do not condone départments that attempt to he good ia all
ficlds. They feel specialization is the key and that "considerable selectivity
. is required in the choice of a particular area of concentrated effort”. This
Lt choice of areas of comcentration should be left up to the universities. ACAP

' agrees with this outleok but notes that the initiatives of each department in
Ontario are matters for collective consideration and advice. -ACAP advises

the departments to consider the consultants' suggestions noted in the addendum
and asks that they report on progress made after a year of mature comsiderationm.
After this time, the Discipline Group, in its normal role, would continue to
caoitsider the Jdevelopment of new areas of graduate study and the possible entry
foto neglected fields in mechanical engineering in Ontario and would make
recanmendations to ACAP where change is-desirable.- S

Anvther problem the mechanical engineering consultants addressed was the one

ot faculty age. Since the Untarie universities have becn through an expansionary
“period in the sixties, a large proportion of the faculty is Lelow 43 years oid,
consequently lacking something in maturity and industrial experience. The
consultants feel that although the retirements {n the next several years will

be fow, the universities should take these opportunities to introduce new blood
bx xppuintxng faculty with industrial experience.

It is important that the consultantq rveport and the university And
-discipline group responses be read at the same time as this ACAP report. .
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 Recommendationg

%1Re‘ommgndﬁtian i??

{: is rgcommendcd that Larletan, MCMJster and Quean s Universitiés
Ceontinue their doctoral programmes -in mechanical englneering and -

-4 _during the coming year give careful consideration to the feasibility

of a stronger development of foci of interest in the special areas
of strengths suggested by the comsultants.  The Universities are
fequested Lo report ‘to COU and OCGS, through ACAP duting the Fall
'of 19?5, en :he resulcs of these canside:atians. o

he ﬂechaniLaL Lngineering consultants, in thair addendum, give valuablc

suggestions for focussing research activities ia each department. These

m?}suggestions appear to be based on both planning graunds and grounds of
sooacademic quality, but alternative: research foci may not be ruled out.

Consequently, ACAP recommends that the three doctoral programmes continue
but that each univeraiay note the consultants' comments and report on

.progress in a year's time.

. Kescommendation C28

It is recommended that, if the University of Ottawa wishes -o
redetivate a docteral programme in mechanical engineering, it
pive careful consideration to allowing some further maturing of
the dupartmuﬁt before applying for appraisal..

thu xonsuicxnts, in their remarks concerning the University of ottawa,

piage A-17, recommend that the work in the Mechanical Engineering Department
he incorporated in an interdisciplinary programme leading to an undesignated
PUD degree. A(AP notes the university response, page (-14, which states that
they wish to "reactivate” the doctoral programme, before discussion of this
new propusdl, We do not at this time make a recommendation on the future
furm of engineering PhD work at the University of Ottawa. There appear to
be no planning reasons why there should not be a programme at Ottawa in
mechanical engineering, but the consultants have serious reservatiens about
the suitability of ‘a number of the research projects of the department sand
atwout the limited industrial expcri;nc; of its staff memhers.

vawnmmndutiun CEQ

It i=s reaommended that the Universitv vf lurunto continue its doctoral
programmes in mechanical engineering in its Depsartment of Mechanical
fogineering and the JgpdftmLﬂt of Agrcqpace Studi~s and bngxnecring
AUAP suggests that the University consider the consultants' recommendation
~ of a grvater concentration of ‘research activities of the Depurtment of
- Mechanical Engineering on major problems of national cqueern. It is
recommended that the Unlversity inform COU and 0048 throygh ACAP, during
the Fall of 1975, of anv decisions. taken.
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. ‘mﬁWe draw the attention of the Universicy of Turan;o to the consultants

s ffaﬂ»suggestion that the Department of Mechanical hngineering coucentrate “f'

' research on problems of major; national ceacern. UT1AS should nete the -
 consultants' commeénts on the need for selectivity within the'broad
_spectrum of the expertise of the staff, In such sreas as plasma science,
.. low density gas dynamlcs, subsenic aeradynamics,,flight dynanics, -

... sliockwave. .phenomena and noise. The consultants also favour increased

- ninceractioa with work in related fields on the main campus.

‘ Recommendatian CSB

It is-recommended that tha Universiay of uaterlue consinue its
doctoral programme in mechanical eagineering. ACAP suggests
that the‘University consider the consultants' recommendation of .

. a greater concentration of research activities on major problems
of mational concern. It is recommended that the University
inform COU and OCGS through ACAP, during. the Fall of 1975, of
any’ dec1siuns taken. -

TUAUAR noteﬁ'thc‘consulnanss‘ suggestion that the department concemtrate ot
" in Production and Automation. We also take note of Waterloo's response :
-which lists strengths in other areas. We recommend that Waterloo consider
the consultants' idea of developing foci of research interest and report |
‘on any action thought desirable.

" The Unfversity of Western Ontario and the University of Windsor have not
heen discussed here, since there is no need for any recommendations in
caddition to those in the section on University Recommendations, page 20.
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v

ihis sguzfen of the ACAP rgport'will deai wi:h the recommendations fuund

in the metallurgical engineering cﬁnsultants report. There will-be no
referennea to Western Ontario or Windsor since ‘these two universi:ies _
~were mentiopned in a previous section. It is important ‘that the consultants’®
report and the university and discipline group responses be read at the

‘wc_ “sama sime as this &LAP Teport., .

5
Rgcommendation 31

It is racummendgd thau thg universities caka notﬁ af the cunbultant&
recommendations 1, 2, 3b and 3¢, dealing with the weakness in. certain
fields of study in the provinmce and that the Discipline Group- réport
to ACAP on any action taken in consequence of these reommendations.

;ﬁ?ﬁe censultaﬁts fihd it»surprising,&hat_there_is sd_iitgle gffort in the
“ceramics and glasses fields of study. Even more striking to them is the

absence of any work in polymers io the Departments of Metallurgy and Materials
Engineering. In their first few recommendations, they consider it very

<;1mportant to rectify these neglected areas and ACAP feels this is a job for

the 915;1p11ne_0roup. They also feal it is important to strengthen already._

Cexisting aréas of study and in particular create at least one {nternationally-
T known centre of materlals science activity.

Recommenda%ion c32

1t is recommended that McMaster University continue its doctoral
programmes in materials science and extractive metallurgy, and

foting the strength attributed to these programmes by the consultants,
make a report in the fall of 1975 on the following suggestions for
improvement s .

a. recruitment of students wich physicq and chemistrv
dekngUﬂdb

b. stgcngthening of the extractive metsllurgy faculty
¢. collaboration with Toronto

fbe materials science programme at MeMaster is considered by the consultants
to be the best pyogramme of this kind in Untario and probably in Canada. It
is the only programme that covers adequately the basic science related to
all ¢lasses of materials. including polymers. The enrolment could be easily
dvnbled without developing the need for any significant increase in resources
allocated to the programme, but enrolment, here, is limited as in 50 many
othetr areas of engineering, by the number of qualified studeiits.

- The extrqctive meta Luggy programme, although not as s&reng as the materials

sclence one, provide$ very suitable rescarch for the doctoral thesis.  The

Crange of the programme is, however, inadequate but cooperation with other

MeMaster: Departments and with the Univgrbity of Toronto will greatly enbance
the operdation of this programme. ‘
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~J$ ?@=A¢§§'sﬁg§ests that McMaster considér the goints put farwérd‘hy,the,;-
. _coosultants and that the university report to ACAP on any action taken

. with regard to these recommendatiens.- - .7 e

... Recommendation €33

It is recommended that Queen's University continue its doctoral
work in,phyaical\ma&allurgyuand,diééeﬁ;ih@e,thgfdoctoralﬂﬁtogtamme'
- fn axtractive metallurgy and mineral engineering as it now exists
and replace Lt by an enlarged programme involving professors inm
. " other <departments as suggested io the consultants' report. This
.= -.. . ...mew programme should be appraised and this should be completed by
o7 pecember 31, 1976. . If Queen's does not wish to enlarge its -
programme in extractive metallurgy. and miheral engineering, the
present programme should be put forward immediately for appraisal,
ceasing to enrol new students by June 30, 1975 if a favourable
appraisal is not obtaimed.

The consultants consider the programme In physical metallurgy at Queen's -
: "a.good, traditional type of programme taught by young and talented faculty.
... Although it would make a suitable base on which to build a programme in
. .materials engineering, the consultants do not recommend that Queen's do so.

" The programme in extractive metallurgy, on the other hand, is not so well
" off, It is seen by the consultants to be inadequate in its present form,
. with too small a range of courses, too limited an amount of research
. activity, and ineffective intera®tions with other departments and programmes.
"But the consultants feel it is necessary to strengthen and develop this field,
to provide the needed PhD graduates and maintain Queen's part in a history
of ldadership in Canada in mineral engineering, geology and related fields.

‘The enlarged programme of extractive metallurgy is envisaged by the consultants
to consist of support from the Departments of Metallurgical Engineering,
Chemical Engineering, Mining Engineering and Geology. ACAP realizes that -
cooperation cannot be legislated, but it must have some formal structure in
~order to make the various professors aware of their part in a cooperative
venture and secure the recognition of their departments for the effort
devoted to the venture,

Recomnendation C34

It is recommended that the University of Toronto continue its
doctoral prograMmes in its Department of Metallurgy and Materisals
Science. 1t is suggested that Toronto give careful consideration
to the consultants' recommendations concerning broadening the
programmes and it is recommended that the University report to
COU through ACAP by September, 1975 on any progress made in this '
direction. . A o ‘ :

Toronte has an international reputation for its graduate work in extractlive
motallorgy.  However, the range of courses is limited; this situation could
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-~f$e.improvéd through cooperation with Mc“&ster. The consultants feel this

would provide a good base from which te develon a programme in mineral

. epgineering and excractive meCallurgv and thev advise the universfty to SRR
*_-do s0.

g ;:Iu addition to those who work in extractive metallurgy there-is another
- -ikreup ‘of ‘prafessors in’ the department who describe their work as physical
qj“metallurgy and ma:erials research, These people. wwrking with added
~specialists in polymers and electrical and optical properties of. materials
‘would .farm a group. canahle of mounting a suhqtantial prcgramme in mareriqlq
.eng;neering. ey

i j__"{e mmmonda t {on (‘ 3 3

It is recommended that the University of Waterloo centinue its
engineering doctoral work in extractive and process metallurpy
and in metallutgical engineering and materials science accordinp
to its plans. . : S -

'n,matetion‘has‘no specific praogramme in materials and does not offer a PuD

.. .labelled as metallurgical engineering or any allied field. Lnstead, students
~are trained in extractive metallurgy in the Department of Chemical Fngineering
- and there-is a group of megallurgists and materials scientists in the

- Mechanical Engineering department. The consultants felt thelr effort was

of such high quality that {f this group were constituted as an administrative
unit, they would he the stronpgest and most comprehensive graduate programme
in materials engineerin: in the province. The consultants recommend setting
up A separate administrative structure. However, the unit (all in one
department)} appears to function well without separate administra: fon and

ACAP does not feel that such a structure is imperative. Waterloo will,

no doubt, consider the consultants’ suggestion.

ng e



X. ’kmme ENGINEERING

‘”'Queen ] University otfers the an 1n mining engineerins‘ This is unique”;‘by_ B
_in :he provinee. Al:hough the. enrolment is- small, the ptogramme appears .

to £111 a distinct need. ' The Bniversity Projects no enrolment increase,‘jfa:ﬂ“_fﬁ;;:-“‘

-:shnwing anly 4 students in 19?7-?8. ;

| fnn the basis of the saa:ement of future nlans made by the Universitv, waw‘ﬁfi
”ﬁ”recommend.

e Sacommenaation 036

{: is recommeuded that Queen s University continne its docto:al
work in mining engineering In accordance with its plans.

*

et



#1.  INDUSTRIAL ENGINEERING AND SYSTEMS DESIGN

. Ihis section of the ACAP report will deal with the recommendations. found -

. in°the industrial engineering and systems design consultadts' report. :
Skt will centain recommendations on the Universities of Torente and Waterlce.d
LLUUAUAP suggests dhat the Undversity of Windsor take:careful note of the

7 reLommendat£0ns made in this consultants' report but at this time ACAP -

" makes no specific recommendations on doctoral work in-industrial engineering-
'at hindsar since it is part of the earlier Recommendation C11.

‘..The gene:al recammendacicns ih this report echo many qf those found in the
" ".'darlier consultants® reports.- -These consultants' estimates of manpower
- supply and demand clesely follow those made by the other consultants and
“tare discussed more fully im the second part of this ACAP report. Related
.. to this Is the need to increase the Canadian content in engineering
L 'prngrammes. Recommendations Cl and €3 refer specifically to these two
,_v:puintq ' :

. ACAP notes that the universities do not consider the establistiment of
4 co-ordipating committee to be very Important. . We hope that talks are
“purmally taking place between the three departments and that they will
‘continue. ACAP feels there is no need to set up a formal Discipline Group
"'tn ensure discussions but if those concerned wish to do so it can be arranged.

Y. Again, as in the other consultants' reports there is seen te be a need to
. eirculate information to the student concerning the various programmes in
order to ensure he selects the programme best suited to his objectives.
This problem has been addressed by Recommendation C7. '

ACAP endorses the consultants' recommendations 6,7,8,9 and 11 and does not
wish to make any particular comments on these recommendations.

Recommendation €37

It is recommended that the University of Toronto continue its doctoral
work in human factors engineering, management information systems and
operations research.

in its response to the consultants report, the University of Toronto seems

in general agreement with the recommendations made concerning its programme.
AAP notes that the Department has already made the appointment suggested in
recommendation 3.

As far as future enrolment is concerned, ACAP suggests the university continue
to expect approkximately the same enrolment as it now enjoys. In accordance
with standard. appraisal procedures, a shift in fields of specialization to
"programmes In health systems and energy systems would require referral to the
Appraisals Committee to determine whether or not an appraisal is necessary.
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U & review of the enrolment expectations would be made at that -time..

S For the present, a continued output of 3 or"é'2hﬂs'a'year'sﬁeuld"be'"'“"“'”’
 expected by the university. This should not be regarded as a quota but' - - -

" rather -as the outcome of the present. situation of fewer qualified

Jf_étuaeq:s and falling enrolments. ;It\shonld;be'nétedﬂth&tfthégﬁhivérsiﬁ&' |
. of ‘Toronte has;maih:&ingd“a@high’pércentagg,QﬁfcanadianS‘in,itsxinﬁuStrial -

- -engineering programme in comparison to other engineering programmes both
"“1§}the University of Toromntd and elsewhere. - .

‘Recommendation €38

m'fif'rgiig_géggmménaed”that_;he Gnkvgrs£§y'afwatetlaocahéinué its
~. ¢ - doctoral programme in systems design.

.. ACAP takes note of the response of the University of Waterloo to the |
‘consultants' various recommendations concerning the Department's isolation,
“.{ts "soft" course content and the quality of recent staff appointees.
- flespite the possibility that enrolments may increase in this field and

.»?g~déépite the comments from the University, ACAP considers that Waterloo

should give careful attention to the consultants® recommendations for
- sttengthening the programme before increasing the enrolment.
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INTRUDULTIGN

;Wankind has recognized the engineer and his wnrk over many eenturies.;'““

The name and connotation srise from the latin “engemerare™ - to create.
-~ In the modern semnse, however, engineering dates From the time of Galileo
who-with his "two new sciences” introduced for the first time the laws

ﬂa;;;ot cause and effe¢t together with an ability to predict and design. He

added science to the art and made that the basis of engineering. - une

might therefore define engineering as the creative application of the

physical seleqces to the solution of problems for the benefit of mankind.
The characteristic problems - attempted by engineers have, dver a’ peried of ~

LT time, categorized the various branches.

In early times there»were twuubraad ciassifieatians. thejmiiitary\-f

% "and civilian, As the civilian aspects of engineering grew and the demands
- for energy and more efficient machines increased, there developed a

speclalized segment who became known as mechanical engineers. In - the late

 1800's another group of specialists in the electrical area began to emerge,
- until teday we have many gsets and subsets within the wide context of ..
. engineering. : : ‘ ‘ ‘ P

Mechanical engineéring by its nature is a highly-diversified discipline

‘ranging from applied mathematics and physics on the one hand to an empiri-~

" cism verging on black magic on the other. 1In comtent, there is a wide

range of topics generally embracing three main areas - solid mechanics,
fluid mechanics and thermo sciences. Although all good departments will

‘have some expertise in each of these areas to provide the breadth necessary

for a sound understanding of a broad range of topics, they will generally
have depth in one or at the most two of the main subsets. Within these
main subsets there can be a wide variation in emphasis. Hence there can
and will be several departments whose main stremgth will be, for example,
in fluid mechanics without there being any significant overlap in effort.

Addicionally, the pimblems eonfronting our r.echnological saciecy
require an increasing undexstanding of the social and economic sciences.
Therefore, in most departments, at all levels of instruction, there should
be an intimate interface with the social sciences. Increasingly, the
engineer must become aware of the ever extending economic and social con-
sequences of his work.- For this he must have some competence in economics
and a sensitivity to social, psychological and political forces, thus
emphasizing the need for breadth in the mature professional. The mechanical
engineering faculty, therefore, have a particular responsibility to under-
stand the true significance of this role.

. Althoogh the graduate program at the PhD level in the Ontarlo system
can, for the most part, be considered as just emerging, we were pleascd

Lo see a broad spectrum already developing. In several areas, however,
- we recognized there was foo great an effort in the more traditional and



Uu'“g'ulaaaicai areas. of resgardh, . We suggest thax this effott be redirected,

with more emphasis placed on the practical backgtaund of the theoretical

‘VF-qolucinns and strengthsning the basic understanding of -the empirically

BT

’-dsvgloping areas.

éamfanr ov'rﬁn-xséukf-'

.. The asademle discipline of mechanical engineering is broad and not amenable

to categorical definitions.  In ovrder to assist us the Ogstario’ niscipline '
« in Meéchanical Engineering provided a list af factars.which were to be com- - |
+ gidered in developing an assessment of the educational program of doctaoral - .

' _students ip engineering. At the outset, we wish to express our general.
. agreement with-the guidelines. In our opinion, centralized coordination
" and planning of doctoral programs on a provincial-wide scale must be

7. avoided as far as possible in order to develop the full academic petential

- of each department. We agree that a doctoral program in every department

is essential. Not enly does it ensure a-dynamic modern undergraduate

- ‘curriculum but it also contributes to a competitive in-house research

atmosphere which enhances the excellence of any program, and provides both
students and faculty with opportunities to develop native ingenuity and

 innovative skills so necessary to our technological society. It is from

" a well-developed broad background with an in-depth maturity in a specific

segment that a well-balanced and mature professional engineer emerges. We
further believe that group size has little effect and with some variation
successful programs can exist in small, as well as large, departments.

One of the ways in which the uﬁiversity_serveé society 1is to screen
and sort young people. The sorting process determines who is capable of

entering, continuing to graduation, undertaking graduate work, and who is

qualified to receive an advanced degree. Many people object te yielding
such tremendous power to the faculty and the university community. How=
ever, no better way has yet beem found. We are in accord that the existing
methods of selection be continued, We do not believe in cen:ralizing this
qcreeniag provess.

' Having picked a career In which the demand for special skills can
ghanbe rapidly from time to time, the engineering graduate at all levels
must be sufficlently flexible in his competence to qualify for employment

tn a wide variety of activities. Only in this way is there hope of bringing
~supply and demand close to halance in the face of Inevitable fluctuations

in the economy. A brosd base with an in-depth study in a specific areca 1s.
therefore a major requirement in the design of a PhD program.

_ On the other hand, our terms of reference caused ug some concermn
because their generality made it {mpossible to fit exactly all conditions.

© Nor can specific answers or recommendations be made in all cases. The
- yory nature of the programs considered will dictate, to some extent, the

reply tu posed questions. Nevertheless, we viewed them as useful guide-

lines for our inquiries, but we have responded in ways emerging from our

N

(-



”7;Qig;callebtive»weighting will iedd tc a ?ound iudgment. o

 analysis of the situation. Yo reply otherwise would. uegate the-

Cexercise. In the end, the choice of alternatives became a matter of

" Judgment;  no set..of rigid eriteria could be expected to y&eld a clear~
- ,oeut decision, . There is always a mea ure of subjective weighting placed

un each of the factors used to arrive at a conclusion. It is hoped the

S There are strong indica:ion$ than a new era is emerging in Canadian
" industry which recognizes: the need for the backing. of a highly-develaped
technology if it is to sactisfy its natiomalistic aspirations while com-
" peting in the world . msrkets. The evidence of an increase in demand. for .
"engineers, at all levels of academic attainment is increasingly noticed.

.- Not only is there ‘an alarming indicatzon of an. ‘impgznding savere shortage

’”of'engineers in ‘total but there ia every indication of a gross undersupply

- of mechanical engineers and a strong suggestion that there will not be a ‘

' sufficient nurber of academically able students to meet the minimal demands '
from industry tar w;ll-qualified PhD graduates. B

3
The Ring_ut Iron ~ was completed at a time when society viewed

_ engineering and its physiLal sciences with suspicion. In contradiction

to a major premisce of that report the consultants found ne evidence that
Canadian industry was passing from a primary to a tertiary pesition without
passing through the secondary stage. Instead our findings tend to indicate

a rapid strengthening of the industrial base with a corresponding increase

in demand for high-technology support. In the two-and-a-half years since

the release of that report, there has been a dramatic change. Qur review
‘was conducted as Canada approaches the threshold of an impending shortage

and heavy demand for mechanical and other engineers. So rapid is the change
that 4{n the six intervening months between the writing of the terms of
reference and the commissioning of this report, many of the specific
questions posed are no longer meaningful. The emerging immigration policies
and market forves alone will be sufficient to determine the size and distri-
bution of the Ph) student body. Quotas as such will be without meaning, ~
since they can never be met. The recognition of the eamerging upsurge in
engineering has had a very significant impact on our assessment of the

FhD programs in mcchanical engineering in Ontario.

In this light then, we will now try to sort out and assess in grvatvr
detail cnnditlone a8 we found them. ‘ o '

[ -———

Ihxs statemert {(for mechanical Lngincering} is at varixnc; ‘with xepurt
%upply and Uemand For Ingineering Doctorates in Canada, Canadfan
Engineering “lanpower Council, July, 1973, which predicts an oversupply
of Phbs in enuincering in the deecade ahead.

h
-

s

Ring vf Iron,- & Study-of- Engincering-ﬁaueation-in dntario, December, 1970

.



MECHANICS OF THE ASSESSMENT

“tach of the Mechanical Engineering gcpartments in the elght universities

~ - gffering graduate work was visited,”. The Institute of Aerospace Studies
“at the Eniversity of Toronto was alse included in our itinerary -and was .

, 4ﬁ;ffeview¢d”ia‘:hg samé general way as the others.  Special mention of it

. and of the Department of Mechanical Engineering at the University of
- dttawa is made later., ‘

s

- In.all nine departments there arve 156 faculty iavolved in teaching

mechanical engineering at all levels. ..0f these, owver 100 were interviewed

individually, in small groups or in plenary session; 25 or more admini~

;f”stvators (Presidents, Vice-Presidents, Deans of Engineering and.of Graduate
Studfes and their assistants) were consulted; and finally the views of

representative groups of PhD candidates or recent graduates, numbering

over 50 in all, were obtained. Nowhere did we uncovey any evidence of an

~oversupply of PhD graduates; statistics were produced to show that all .
" past graduates were usefully employed, many in places of high responsibility
with many of the recent graduates having received multiple offers. In only

one case did we find a PhD graduate holding a post-doctoral fellowship

~ because he could not find permanent employment.

~ The assessment of each Department was carried out as Qénsistently as
possible. The time spent at each varied between 1 and 13 days. The same
seneral agenda was used at each place as follows: s

1. Meet depéftment chairmen to review agenda and other general
points (£ hour).

2. Plenary meeting with_all staff at which the consultants made
an opening statement” and an open forum was conducted. This

laid the foundation for a closimg plenary session at which
time the views of the staff were consolidated (1 hour).

3. Meet adminiétratdré (the timing varied depending on the
schedule of the administrators) (} to 1 hour).

4 Visit,fabnratufies and graduate research projects (1 to
2 hours). ‘ ‘ ‘ o

3. Lunch with continued discussion with staff or adminf-
- strators (IE hours). - - - :

- were received at the others,

1 ‘r

—=

Carleton, McMaster, Ottawa,_Queeﬁ's,‘Torontu, Waterloo, Waestern and
Windsor. . ‘ . oL -

&~

List .of PhD graduates and their present employers.were.prcvided'at
Oueen's, U.T.1.A.S., Waterloo, McMaster and Western. Verbal reports

See Appendix A, aftache&, page A-26.
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o, ln;erviuw g;aduate.students and recent PhD gfaduates (1 hour).

7. Interview individuils, research or specialized groups (1 to 2
«. . hours). : ; - ‘ . :

| "1-;}73{ VR#C@nvéné-in‘ﬁléhéfy sessiod‘and final views‘abtainéd‘(l‘te‘2‘~u\-

v

hours).

7 Squeezed in: M(i)”:ev§¢g of ad@iSéiqn fiiés_uf seiééﬁéd'stédents

{11} revieuéd or scanned several PhD t;heses6

UNUMBER AND QUALITY OF STUDENTS

S Al jﬁe Séégiy of Sﬁﬁdéﬁﬁﬁ}

At the present time -there are 150 mechanical engineering PhD candidates
in the Ontario system. This counts only those graduate students who .
dre beyond the master's degree or who have been accepted for the.Phd
without a master's. Why 1507 What controls thic number? If you ash
as we did, the average faculty member how many graduate students he
would like to have, you get the answer "about 2 PhDs and 3 or 4.
master's candidates.” At present there are 156 mechgnical engineering
faculty in Ontario and thus there is almost exactly qgg:ghn candidate
per faculty member. The size of the faculty does not control the
number; they could handle twice as many.

, ,EES faéii}tigg for research that we have seen on our visits have
baefi excellent. Except in a few special cases, there is no limitation

_ -~ On PhD study set by either apparatus or laboratory space.

The question of tinancial support is harder to dismiss. There
Were .complaints about excessive stipends paid to PhD candidad
" “ather" institutions both in Ontario and in the U.S. Sy complaints
~; could not be backed up by hard data and were contradicted by the
~ occasional student who came to Ontario attficted by the "higher salary
offer." Both from the meagre data collected and from our own knowledge
of the financing of PhDs here and in the U.S., we believe the Ontario
system to be "in line" and competitive. This is not to say that you
could not attract many more PhD candidates by doubling the salary -
aoffers.: Of course, you could, But such a course of action is unjust{r
- fiable both for Canada's need for mechanical engineering doctorates
and Canada's needs in other arcas which would then be robbed.

The real limitation to the mechaﬁiéal.engineering doctoral
candidate population-is the availability of "good" candidates. . The
temptation under such circimstances is to lower the admfssion standards.

6

_ praduate student;resenrch.was.examinedmseparately.

PR

A selection of staff research publications, most of which were based on
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i1t fs to. the great eraiﬁ of all of thé On;ario syaceﬁ that this

. temptation appears to us to have beea avoided..  In every case the.

PhD admission standards were set at a reasonable level and jealausly~

 puarded by extensive dapartmqntal and graduate school rules and
~-pfugedur99. : . S

-
-

. The evalua;&un of humqn qualifications is.a very difficult and
1ighly-subjective process at best; there is no reason to suppose that .
all faculty members or all institutions would arrive at the same
conclusion -whesn - examining borderline candidates. Thus, it is of

little wonder' and no significance that every inastitution can quoténdwﬂn"”"
. eases ﬁssye qamgane they rejected was accepted elsewhere.

, Thus, we rnjecc the nocion that auy anjustified significant
systematic differences éxist between institutinns.an the level of PhD
candidate acceptance. e

P
et

The main obstacles are the ability and motivations of the preseat

‘generation of students. Science in general and technology im particular,

after the heyday of the space program, are popularly seen as the causes
of our pollution, energy crisis, and other problems. Althcugh this

view is wrong and will change, the change will be slow. Thus, we do

not see any reason to anticipate an oversupply of mechanical engineering:
PhDs in thé near future. On the contrary, we see a shortage. Since
more good candidates cannot be produced on order and then only by robbing
other areas, we believe that the control of PhD candidates should con-
tinue to be by their availability and not by artificial edict. The
competition to provide the best and most useful educational program is

a better key to the future than any planned PhD production schedule,
however based. .

Foreign Students

Presently at the PhD level only 40 students in a total of 150 have
taken their first degree at Canadian upiversities. Although a small
number of Canadian baccalaureates go abroad for the PhD degree and
return, it is clear that we cannot count on Canadian undergraduate
schools to provide candidates in sufficient numbers: to avoid .a
drastic reduction in enrolment and output they must continue to come
from abroad. Of the present 150, 74 are landed immigrants and 19 are
on student visas,; most of the latter from underdeveloped countries.
The contemplated changes in immigration policies (which will make

it more difficult to attain landed I{mmigrant status) and the funding
policievs of N.R.C. and other granting agencies (which prohibit

- support of those on student visas), will seriously reduce the number
~of foreign students in the future.

. _ ' _ o ‘. R
We recognize that Canada as a wealthy nation has. a commitment
Lo support students coming from (on student visas) and returning toe

developing nations and to assist these nations-with their omet&inp

T e,
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usiversities and fndustries. This commitment should be national
. - rather than previncial, - We would gnvisage all graduate students -
entering Canada from countries that do not have a well-developed.
 induatrial cconomy would do sc.on student visas under the au§pinva
- or purview.ef.an-appropriate federal agency such as C.I.D.A.° ' 1t
is not unreasonable to expect as part of Canada's toreign aid that
the educatlﬂndi expenses of these students be barnc by C.I.D.A. .
Each Canadian. university accepting a student under the purview -of -
- G LaBlAL would be compensated at the~devel of th. student support
_within that province. . In this way,;;:ﬁ% of. Canada's. contribution
to the developing nations could be met through 4 meaningfui educi-
tional program without imposing an undug hardship on. provincial
educational budgets. .

Cu gmglqyment'QEpa::unities far Graduatés

e

We discussed the employment opportunities for recent graduates with ‘
all staff members.-and all were emphatic im stating that the difflcultics
reported a year or two ago, which may or may not have been real, do

not apply to Phd graduates in mechanical engineering today. They cited
evxamples of recent graduates receiving numerous job offers, mostly from
industry and aimed particularly at graduates who have spectalized in.
production engineering. Of the approximately 50 students interviewsd
with a PhD in mechanical engineering (recently granted or pending)
only one reported difficulties in finding permanent employment. One
graduate, who majored in production engincering, listed for our benefit
sin firm offers of employment.

B : While Qmpluyﬁﬁﬁt opportunities undoubtedly will centinue to
tluctuate we do not believe that the demand we see today should be
regarded as unusual, or temporary. When we examined the employmenL
record of some 150 graduates with a PhD in mechanical engineering

~ (including aerospace) we found a wide distribution of employment. {n.
industry, the universities and govarnment. The positioons reported do
not reveal any "underemployment of the PhD and the records which
extend back over a perlod of years show that the older graduates occupy
;LﬂlDr poqitionq of high responsibility. : -

It is rccognized that the staff requirements of the univcrxitie
will be small (see Part VIL Do) in the future and the main source of
omp loviment in Canada will be outside the university and mainly in
industry. Most of the 600 "high technology™ firms that engage in
research in Canada are in Ontario, and with the increasing demands
for new and innovative industries which cun compete in the world
market we would expect increascs {n their number and diversity. The
cxverience with the N.R.C. Industrial Poqt—DocturitL Fellowship
program leads us to believe that manv of the 60,000 firms in Canada,

&
&
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e approximately 40,000 of which are in the manufacturing industry, _
B _.-can employ -the FhD ta good advantageZgpot necessarily in research.
T e Ihe new and developing procurement policies of the faderal govern-
CUF ment, the emphasis op cleaning up the environment, on new endrgy s
. sourees, better rural and urban  transportation, ete., will certainly . -~
«reate an increase in the demand. Ag&inst this increase in demand T
 we must weigh the fact that the output of graduates will diminish
. substantially, possibly as much as 40%, as. the result of the aatici-
‘pated decline ‘in enrolment of pew candidates with acceptable qualifica-
. tions.. The pilcture of & pussible shortage becomes even more probable
- when we recall that in the U.5.A., government agencieb and professional '
S organizations are expressing serious eoncern that a substantial short- =
AU age.of engineers will develop in that country in a few years. If this
Ve happens, the experience of the 30's, with a large "brain-drain® of
qualified engineers out of Canada, may be repeated. In view of all of
these considerations we find it difficult to believe that an annual
output of 20 to 30 PhDs in mechanical engineering from the Ontarie
o universities will be in excess of the demand. On the contrary, it is
T easv to predict a serious shortage. :

Although better information on job opportunities would be welcomed,
and a central “clearing house"” of information might be useful, the point
was made in many discussions that one should be very cautious in the
interpretation of “demand" surveys - particularly in industry. The
businessman can rarely predict his firm's requirements in advance, and
on those occasions when he can he is not likely to reveal {it. "One
of the least reliable_ways for finding cut what industxy wants is to
‘go and ask industry." We commend those engineering departments which
maintain an up-to~date historical record of the careers of thelr
graduates; we urge all departments to adopt the practice, and to see
to it that -the information is made widely available to counter the
negative views which appear frequently in the press.

D. Student Concern about Career Uppgggpﬁities

We were surprised to find that most of the students we interviewed

expressed concern about the job prospects after graduation. Few seemed N
aware of the receat upturn of job opportunities in industry, and very ‘

few scemed to have any idea of how .to approach a firm or how to . .

establish contacts outside the university. In some of the UﬂiVeraitLLb

‘visited we were told that "placement officers” assist the students in

these matters. If this {s so it would appear that the graduate

Statement aLLributed te Sir Scllv Aukkerman. See page 112, Canadian
knkinwerinh Manpower Council Report, Gugplv and Demand for Englncering
Dactorites in Canada, Julv, 1973,

e o ki b £ i -
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cstudents eitbher d ot {xs.u.» these services, or they leave the
~investigation of job opportunities until wvery late in the day. We
did not go into this ia any depth, but it was clear that the

mpjority of the studgpte who were interviewed had little appreciation

Cof the strueture of Ldnadian industry and little knowledge of the -

firms that . sngage in the develnpmvnt of new technology ner of their .
prospective staff requirements, .To e\n}ain this we must. asqume that

the students have been badly served by the "popular” news media, the-

technical press, the placement agencies, and the universities them-

RO S . -

Quatas on e )_:_ui;ibtff af Stild_cﬁ_t_‘._é_

From the foregoing observations we believe it is clear that an apnual
output from all of the. Vntario universities of 20 to 30 doctorates in.
mechanical engineeriung will not be excessive and will not saturate the
job market. We believe the deueluping market could easily absorh e

‘double this rate of output during the nexf fxve years. In saving this

we are not advccating a return to the "open' system of a few years ago

when the growth of graduate schools and budgets was virtually uncontrol-

led. There is an obvious need for a better understandiag of the f[actors
that govern the supply and demand of qualified engineers with advanced
degrees. To date even the best available data are viewed with suspicion.
Jefinitive studies with much narrower confidence bands are urgently
nevded.  Tn the absence of reliable data and in view of the emerging
satural controls we concluded it was neither rational nor wise to
propose a total enrnlment fipure with a corresponding distributlion
tiiroughout the svstem; rather we would wish the resources of the present
system which are predicated principally on undergraduate requirements,
the market demands, the quality of program and the good- judgment of

tiie departments to determine the total number within the system. In

- this regard we consider the svstem, in irs present form, can accept up

to 300 PhD candidates or an average of about 2 per staff,  Howsver,

our best estimates would suggest there is little likelihood of achivwv-
for such an enrolment during the next ‘five years; and although we

e little or no quarrel with the projected figures found in the
five-vear plans we have grave doubts that even that total of 170-180

" will be attainable by 1978,

»
"

ln zhe Bame way we find it ditiicuit to Jpportiun che dxhtributlon

of candidates between the various universities which of fer gradudate

nroprams. At present a student has a wide range of choices and in
o inter views with the students and discussions with staf{ members
Ptownsd apearent that Canadian students contemnlating graduate work

are generatly well aware of the courses avatlable in the various insti-
Ctutions, of the outstanding teachers, and of the strengths and weak-

nesses of the departments.  The capacity of the individual departments,
e we have nated previously, is ample.



V.o

A-10

ANALYSIS OF MECHANICAL ENGINEERING EDUCATION AT THE POCTORAL LEVEL

A

 Course Ruquirements

We havé aséuméd thét thé Phb &egrée in: meéhani@&i engineering signiftéS‘

‘that the holder has -an advanced education which permits him to net only .« .. . -
“perform the ‘usual désign and ‘production “tasks in his field but also to

attack -successfully many complex problems and. :c_perform research in

- engineering science., - .To-do- these things requires a bread knowledge of

his field, some. understanding of related areas, and experience in how
to proueed : ' ‘ |

. Yhese educatiunal ebjectives are a:tained by requiring :he candi-
date to take a number of graduate courses, to pass a qualifying or
comprehensive examination and to prepare a doctoral thesis. 1t appears
to us that the desired breadth of knowledge is best attained by a total
of about 1} years of full-time course work beyond the Baccalaureate
degree. Most universities now require this. A few do not, but we
believe they should. Of course, a student can geét his breadth by self-
study but very few would do so. A smaller course requirement would
more often be used as the easy way out.

The thesis is universally used as the study in depth. In the
thesis area the student is motivated to self-study so that only a few
of the courses taken should concentrate heavily in the thesis field.
Thus the offering of .a large number of highly-specialized courses
{(with very few students in ecach) which we noted in several departmentq
is not justified educationally and is certainly not an economic use
of faculty time.

Doctoral Theses

In the course of our visits to cach university, we made cursory examina-

tions of a few doctoral theses. However, this examination, when com-
bined with discussions with faculty and students, and often with prior
knowledge of the subject by the consultants, addicional useful informa-
tion was aobtained. Most theses were indeed reports on creditable:

‘doctoral work. Ench student displayed a broad view of his specia}'

field, he analytically (and numerically) studied the predictable per-
formance of the device or process, he obtained in the laboratory (or
o;casionallv from pertinent literature) the actual performance, he
carefully compared the theoretical and experimental results, and
finally. analvzad,and discussed the diqcrepancieq.

However, we accasionally met the inadequate thesis which leads
to an inadequate graduate. These were of two kinds: the completely
theoretical thesis which solves by a well-developed mathenatical

~ routine another miner variant of a problem which abounds in the



Aiteratare and with little or no engineering justification; and

at the other extreme, we occasionally spotted a thesis f{n which a
pure v empirical attagk was used to solve a. prublem which might or -

Cminlit met hiVU nraxtical aﬂplifdtioﬂ. : ‘ '

ST In both tasvs we believe the education of the candidate was
Coimmeees incomplete.  Inthe first case, he had no training ir ingenuity - ané;

S0 5 thus learned 1ittle that {s in demand by indust:y (and should not be

A in demand for university teaching either). In the second, he had no

Ctraining fathe formulation in qqantitat;vezfurm; of the gqualitative
ideas which he believes makes -his empiricism work. His work. could.
ave = and prebably should have ~ been done in industry. The real
opportunity of the university to educate was lost.

L. €. Thesis Work Outside the Univétsitg

ST ’ ) ~.

While "project work" of the kind suitable for a M.Eng. thesis is- -
readily found in many industrial and government agencies, it is more
difficult in this environment to organize a program of research with :
the content, analytical and experimental, needed to satisfy the require- -
ments of a PPhD thesis. When these difficulties can be overcome there '
are obvious advantages in bringing the students close to the problems
of industry and in providing access to people with unique training and -
highiy-specialized facilities. It is highly desirable that the thesis
be of interest to the host organization and that, wherever [ecasible,

it be supervised jointly by a staff member of the university and of

the host organization.

A problem which is raised frequently in discussing such coopera-
tive ventures is that of the "sroprietary" rights of industry. 1In
our discussions it was generally agreed that this problem is often
more apparent than real, There must be a clear understanding in
advance about the sharing of patent rights and delays in the publica-
tion of research results. ‘Secret" projects generally are not acceptable
far PhD theses. P

While practices vary widely between universities, several depart-~
ments reported success in their cooperative ventures- with high .
technology firms such as Bell-Nur:hern, AECL, and Weatinghouse, and
held out hopes: for further ‘progress as the result of a growing interest
in industrinl research, the now contracting—out policies of povernment
arencies, 3nd the PRAE grantq of the N.R.C

We urge thdt all of the univeraitv departments oifering advanped
S eourses in mcchAnitdi engineering encourage frequent contacts and firm
‘cooperation with outside agencles. The importance of thig liaison, at
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a timc when thnre is genural agreemant on the need for postgraduate

4_'cr41ning £o be more closely matched to the.needs of employment,. can—_-

not be overcmphasized. -One student commented that in his thesis
résvarch he had enjoyed the best of both wquds - industry ‘had
provided the required releviance and the university had provided thg_

“essential underlying science.

Part-time Studies

e éxamdned the experience of the various departments with PhD ¢dndi*

dates who undurtake part—time studies in conjunction with a full-time -

job. There is no doubt that part-time courses and projects at the

Master's level have operated with reasonable success.  Beyond the -
aster's level progress becomes much more difficult and many doubts
were expressed about the abilities of the most capable tandidates to
meet the minimum requirements of a PhD program,

From the experienc;s reparted we have concluded tha: the burdens
upon the student, his family, the employer and the university, are out
of all proportion tc the chances of success in most instances. While

. we recognize that it would be unwise to deny the exceptional stdent

an opportunity in a special situation we recommend that such under-
takings should rarely be encouraged.

Coverape of Mechanical Engineering at the Graduate Level

Mechanical engineering encompasses all manner of mechanical devices
and processes used by man. At its base lie the sciences of mechanics
(including kinematics and vibrations), solid mechanics (including
clasticity and plasticity), fluid mechanics (including acoustics), and
transport phenomena. (including conduction, convection, diffusioen, and
radiation). And the basis for all of these are the laws of classical
physics - mostly mechanics and thermodynamics -~ made useful through
the methods of mndern applied mathematics.

Every mechanical engineering department in Ontario has a faculty
capable of offering the core graduate courses in each of the above
areas which should be part of the breadth of every PhBD. In every

Jepartment, the faculty is capable of aupervislng theses in the classical

basic problems of mechanical engincering - dynamics and vibrations,
olastic structures, fluid dynamics of simple fluids, and heat and MASS
transfer.,

- But iq th‘q adeunLL for tite 1970's? We think it is not.  Unly
in the rare instance (as can easily he judged by examining the resultant
pubiished papers) does the thesis adviser or his PhD student have so =
potent an idea that a real advance is made in classical enpineering
sefence.  Most often the result is a thesis or a paper thh Ilttlx

purmanonr value and no’ cngineering significanae.“

*x
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. Yet mechanical engineering abounds . in important and challenging
‘problems. Some-members of . the faculty at each-Ontario university -
have realized this and have moved with their research into some more
Amportant and conteéemporary area.  Thus we found work on: such diverse
~and useful nrobiems ag extrusion uf metals, machine tool automation,
thwrmal contiact resistance, the drying of paper, and the motion of
derasal particles. %anufacturing Andustry i1s concerned with all of -
‘these questions-and many-more. ' The Conadfan induqtry alryadv carries _
out some research, albeit largely empirical, in these areas and we .- -

would.all like . to see. it carry out more..- A thesis.to. develop an undef~v

standing of and ta provide basic data-in such,areas provides. the . .

‘-‘~tndent with an innovative challenge and the preparation for future

"uerk which Canadian fadustry needs.

Ta exercvise ingenuity in redirecting one's own efforts from an
old familiar classical path to an innovative new effort is difficult.
It is common for fideas to become "popular' and for"fny people to move
in the same direction at the same time, Thus there fare already scveral
closely-related ef forts in metal cutting and machine tool performance
and control in the Ontario universities. These efforts de not vet
fnvolve sexivus overlap but they could easily do so in the future.

Such ¢lose parallel developments could be justified, if the ..
~sossible areas of mechanical engineering need were few in number.
However, this is not so. 1In the following table we give a partial list
of some lgportant mechanical engineering problems in which little or
no reseacch effort is té be found in the Ontarie educational system
and in which there are significant and challenging problems of basic
science and useful data development suitable for PhD theses. This
list is so extensive that many items would go untouched ewven it the
entire mechanical engineering faculties devoted themselves to these
ﬂrchlvme.

Thus; we' believe that most of the research effort now expended
on clussical mechanical engineering science could profitably be
redirccted toward innovative studies of more urgent problems which
arise in mechanical engineering practice. We have no serious reserva-
- tions asbout the extent of coverage in the present programs, certainly
not to the point of suggesting the termination of any. On the other
hand, we would urge the expansion or creation of new programs be
directed toward the arcas listed. We caution, however, against the
{emptation to attack these problems in a purely empirical way. 7o
us the pood PhD study in "mission-oriented research" is a fundamental
‘tnd of the basic rrocesses and principles in the appropriate range
of the sianificant dimensionless narameters with an Jppiicatign of the
‘results (o real industrial engineering problems. -

e helieve this change in. emphasxs wauld qrrenrthen the faculties
aud weuld attract industrial research support. Furchermoxe it would
cause industre to clamour for the new PhD graduate and would make more.
goud tHdLﬂtH xwdrv ut rhe imnartance of advanCod etudiea.‘
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Table 1

bUW% FNDEREXPLGRED MF&HANICAL 'ENGINEERING PROBLEMS ’
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"'PowER TRAxsuxssxov "

hydranljc transmissian, beit ftigtian, wear dnd
naise, gear noise.

lRAhSPORTATIOV

the urban problem car, system analysis, emissieﬂs,
rail improvements. Noise generation by trapsport .

syseems. |

ENERGY CGNVLRSIQN

steam and as- turbine flow, thermal and dyna&i?a
problems, space power cycles, thermoelectrics,
thermionics, fuel ¢ells, solar energy devices,
heat pumps, cryogenics.

FLUID SYSTEMS
piping System design. in the linear and nonlinear
regions, hydraulic power ivansmission, ventilating

system design and control under normal and emergency

(f£ire) circumstances.

TRIBOLOGY

miubficatidn, friction and wear.

MULTIPHASE FLOW

industrial processes with the full range of
significant parameters, aeroscl dispersion, flow
~of dust and sediments, blood flow, wet and dry-
paper fiber transport amd laying, the boxing of
~cereals, the flow of dry cement and nails, the
pumping of concrete and roofing tar, the slippage
of earthen dams, etc.

‘90Ltn SYSTEMS - .

aircraft and ﬁpace system structures - optimization.
Creep, fatigue, and fracture of engineering :
structures. The design and performance of composite
materials and structures. Pressure vessel design
the c¢ritical problems of access openings. Non-
.destructive esting.

PRODUCTION PROBLEMS

— - S . _ S .
plastics molding, fiber handling, drying processes,
_casting processes, materials handling equipment,
furnace design, incinerator design, combustion
control, ignition, growth and extinguishing of -
fires. Environmental systems design and control.

- am e
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, ﬁdht manufa~turin& indubﬁry wauld prafi§ from a {irst-rate
mechanical engineer with a Phb. Mogt industries have net yet learned
this, thi ahev’ when?

'ﬁpndnatc Programs - Strengthy and Weaknesses - - -

\ 3; wet haV@ nacu Abeve it has beea the tradition of universitics in |

this country to encourage analysis and research. The offorts to
generate lnterest in-the other essential. aspects of engineering - and

- to’provide the dppropriate training - have been comparatively recent.

In our round of visits it was apparent to us that iatarest in these

‘nn"lcgted subjects has been growing to the peint where project: englneve-

ing studfes, for example, are widely accepted as vehicles for M. Lng.

theses.
£

It was cur‘impréssicn'chat progress in the teaching of design

- has been much less rapid, and the extent to which it hags been accepted

. -~y
and fntegrated into the graduate programs is highly dependent upon the
eaeryy and enthusiasm of a small number of dedicated professors rather
than a general conviction of the faculty as a whole.

Production engineering, it appears, is beginning to make an imprint
on graduate studies and we were encouraged to find two groups which
were raking a determined effort in this field, and at least one other
working on 4 nore restricted basis. "All of this work was of high
quality, and we considered it a very healthy sign that all the production-
oriented groups with which we met had close rontacts with industry
which created an excellent market and a high demand for their graduates.

When we compare the Ontario level of effort in design and produc-
tion with its counterpart in Europe, it is all too clear why our manu-
facturing industries are sceptical of the value of a PhD, and why
the firms often récruit highly~trained engineers from ouLsidu Lanadd.'
wo therefore consider a design effort should be encouraged and 1if
possifle incorporated into every PhD program and production engilncering
ft the gradueate level strengthened and expanded in those departments
wifcl lave developed a competence in this area. The work at eMaster
and Waterloo. is noteworthy in this regard.

ach department eshibited streagrh in more than one area.  Any
shortcomings were not . considered serious and were not confined to a
sarticular department., With the exception af Ottawa, we would not
recommend any re—appraisals, nor would we wish to specity any dircection
eftart. Re tannd the five-vear plass senerally acceptable, with
meower o aps or areias of overlap. | However they were, -in our . view,
sewmewhat lacking in iwngxnntion. Woe reiterate our belief that the

denartnents seriously consider some redirection of their efforts ta the
avlution of seme of the more urgent prohlens which undertic mechanical
viizineeriary nractice.
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G.. Industrisl Research Inatitutes

. . A number of Ontario universities have obtained assistance from
Lol the federal goverament -and other sources: to establish on-campus
e industrial research institutes.  The object of these. institutes. .
R T - provide sc¢ientific services to firms with Iimited tesaurces,
R to make available to industry the trained mampower and specialized’
facilities available in the sniversities, and to provide the universi-
ties through a close association with industry with -an oppottunity-to -
SR coordinate more clogely their educational and research programs wich :
Coole o gurreat industriak requirements.

we did no: meet all of the institute-directers, or discuss the.

npetatians of the institutes in detail, but in the light of our.
observations and conversations we wish to record our convigtion tha.
these institutes are highly beneficial to the regearch of the faculty
and to the relevance of their work. . ‘ ¢
R ‘ It is recognized by the finstitute staff and the faculty that some
Ao safeguards are necessary, but we saw no evidence that in serving the

' ‘ short-term interests of industry there was any tendency to lgse sight
of the long~term objectives of the university.

B SRy RN

VI. GENERAL OBSERVATIONS

A. The Minimum Size of a -roqp |

* We were often-asked for our views on the siniLum size of a viable group
at the graduate level. The advantages enjoyed by a large group,- with
- a wide variety of talents.and extensive resources are recognized and -
' require no elaboration, A drawback to a large group 1s the difficulty
of adapting to change. The majority continue to be organized along
vertical lines according to.discipline and although the dbsiradbility
of functional grouping®, along horizontal lines, is recognized and
' . has been achieved to some degree, the discipline-oriented structure
continues to dominate. On the other hand we observed that the groups
in the smaller departments often displayed an original point of view
and ‘a willingness .to adapt to change that was not apparent in the
larger and longer established departments. The cross linkaye between’
departments within small faculties was noticeably more distinct,
tending to create an educational milieu that fostered high order
graduate work. Ottawa, Queen's, Western, and Windsor all had working
relationships with their counterparts in civil engineering. = We also
‘noted that there was a tendency on the part of the small departmeats
to compensate for shortages of internal resouyces, intellegfRual or
chvrsical, by establishing outside contacts. The relationships that
: _the develcped hetween Carleton, Ottawa, Western and the government
agencles such as the Atamic Energy ef Canada, the Forest Products.

-
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Laboratory, and the. Narional RéﬁkdrCh cuunnii indxcated a huaithy

U vdtward- lunktng viewpoint while at Windsor &hezr relatiunahip with

the Industrial Besearch Insticvute brought them into contact with
the high tuchnolopy nroblems of industry. Interdepartmental coopera- -

‘tion un a wider university scale was evident {n areas of environmgvtai

congrol.and biocorincering.  In these emerging {ields the smatler -
departments were . actively. ocvupﬁed in high-level research as were.

thely counterparts at the larger institutions, -We think the vitality

of engineering to an increasing exteat will depend upon the ability to

~anticipate change as well as to adaps to it, and that the smaller

eqpineering groups can make an important contribution to this proceds,

Clnoour view o creative group; and no.capable individual within such a

wroun, should be deaivd support because it is small.
o ‘

%Lghaniga{ un*ingeting is su¢ broad in scope that there are many
different approaches which require a different viewpolnt, different
talents, and different ways of thinking. For even the two largest
schasls {Toronto and Waterloo) to attempt-to -become "centres of _
vxeellence™ in all of the branches of mechanical enginsering would be
ynrealistic.  We express the hope that through the veluntary associa-
tions of €OV and CODE a reasonakle degree of ratiomalization is achleved
to ensure that in no immortant asvect is there neglect, on the one hard,
¢F an undue emphasls on the other. We. also suggest that the smaller
universities, in recognition of their special abilities and circum-
stances and with thelr new and fresh ontlook, be encouraged to experiment
with now proprams and new Institutional arrangements. : :

Department of Hechanical Engineerigg = University of Ottawa

Although the history of the university reaches back well over a hundred
yvears, the worlk ia mochanical engineering was begun less than ten yeirs
aia.  In 1967 a4 fhD program was started, but after admitting a fow

candidates {(who are Lontlﬂuing cu completion) the program was suspgndvd.

he were {mpressed hy the new physical cracilities and thc ’nthusiasm
aof the facultv., We understood rheir concern at facing the possibility
of 2 stillbera program which they had obviously planused with care. The
taff are valiantly endeavouring to relate their research and-direct
the werk of their. students towards the problems of Canada's north. W
comend them for this effort. We further believe their qualifications ‘
and their facilities are such that a viable PhD program can be established
and we recommend that an assessment team be sent there as soon as possible,
However, we advise caution: we believe the entire engineering program
AT Uttawa Ls just beglnning to coalesce; their numbers, staff and
students are small] we therefore suggest that the facultv in ail
engineering departments (Chemical, Civii, Electrical, Mechanical) be
1sked to work together at -the PhD.ievei.snd that they attempt to give
an undesipanated PhD degree in engineering. In so recommending, we
beliowe this. will' create an -atmosphere such- that a meaningful expcrxcngv
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and degree at a very advanced level can be. achievtd 5uch a ~
unified faculty aspproach to work at the PhD level would be a unique
~ experiment in the entire Canadian system, and one worthy of trial
. at Qrtawa.

ey hrem L .. Under the existing arrangements there is a goad interaction .
iam T patween .all.of the engipeering departments and many other departments
of the university at the graduate level; we think this should be
”~entinued and strengthened. The commitment of the department to
research -in areas concerned with the development of the north must, =
 of necessity, be conducted on a broad interdisciplinary -fromt.  We note
that good ries have been eqablished with federal government agencies
concerned with northern developmgnt. we believe that in cooperating with
these agencies a "functional’ rather than a “discipline—ariented“ inter-
action 1s likely to be successful.

. Further, the University of Ottawa is unigue in another respect.
It has the mandate to provide an educational opportunity for the French-
speaking population of Ontario, which numbers some 500,000 people. This
is the only bilingual engineering school in Ontarfo. There is a steady
demand and 1imited supply of bilingual personnel with a high competence
iu modern engineering technology. We believe Ottawa can develop as the
centre to provide such an educational experience and would recommend
fuil encouragement in this direction,

C. University of Toronto - Institute of Aetospaée'Stﬁdies

Quality means different things tc different obsarvers. Nevertheless,
‘we are particularly taken by the "steeples of excellence” concept put
forward by Dr. F.E. Terman of Stanford University in his studies of

engincering education in several states including California, New
- York and Florida. He states:™ L

"The quality of the. academic program of a college or
university is detdrmined primarily by the quality of its
' faculty and the eXtent to which this faculty is grouped -
into 'steeples of excellence'. Faculty quality in turm is
a function of knowledge, scholarship, creativity, rcsearch
competence, ability to communicate and professional leader-
ship. It i{s significant to note that impressive buildings
and expensive equipment are not primary factors in determining
quality. “hile a faculty needs space and equipment to carry
con its wmrk. space and equipment do not by themselves pruducu
e,ccllence. .

10 :

- F.E. Terman and A, Higdon, A Study of Engjneering and . _ggnggrxqg
Teahnelqu fducation in Florida, Chancellor's Office, State Hnivarsity
Svstem of Florida, Tallahasse, rFlorida, August, 1971.
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steceple can be built with as few as f£ive faculty wmembers.
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A stceple is formcd bv a group .of capable faculty members.

“having closely-related interests. High steeples can be seen at

iongur distangcq, thus high steeples have clearer national ,
"visibility", High steeples benefit academic programs in related 77

”erds,‘making it ecaster to recruit faculty in all fields, and add

vizour to the entire institutioms It is Terman's claim that a high

We view U.T.1.A.8. as a high steeple not just in Ontarie but in

“thientife Cinadian siene. It Was bora out ofsa national aced and ~ 7 U

nurtured in the early vears by the Pefence Research Board. Aboat 757
of thie funds required for support are received from sources outside
the University of Toronto. Here is a collectien of research enginders .
and scientists closely linked to the aerospace field but showing versa-
tility by reaching out to other industrial endeavours. They draw their S
»tudengs from across Canada and throughout the world and select their- S
problems on a broad base but still relating themselves directly to the '
Canadian scene. We view this operation as unique in the Canadian educa-

tion svstem and do not visualize similar centres arising elsewhere. 'As.

long as thev contionue to focus. their efforts on relevant Canadian needs

we advocate continuing a high lewvel of support with the minimum of

interference.

Metallurpyv/daterial Scicnce

A good grounding in metallurgy/material science is, in .our view, an

impuortant segment of a mechanical engineer's cducation. In each

department visited, with the exception of U.T.1.A.S., a sound relaticu- ‘
shiv had been established hetween solid or continuum mechanics on the .

“one band and metallurgy/material science on the other. At U.T.I1LA.S.

wu rscmynizcd the excellent work being done in search of solutions

Lo material-based aerospace structural problems. Huwever we bellevv-f

this work is being carried out without the necessary supporting frame-

“work: One man can hardly be expected to make great inroads in this

ticld bv himself.  We strongly recommend a much closer. relationship
with the matvrials perscanel working on the main ca&pua.-

At tho Univursity of W3terloo,“on'the other hand, the material
wienee proup is well integrated into the mechanical enginecring
program, in tact, it is an integral part of the departmen&. This
anparent Iy comes about, by desipn for they constitute the st.rcmy support
arm tor contiruaum meehanics and production engincering. ‘ftheir rote is
vitial to these areas and thev are admirably discharging their ro;nunmx—

bilitles,  An a codsequence, their research has a-strong indastrial bias,

Weo are xntri“nnd by this etfective combination of resources; commend -
thenm on this approach and recommend its continuance. W, nevertheless,
recopgnize a similar administrative arranpement might not be appropriate
ab wther universitivs,



i
Cradt 3

' E:l

Eggulty'ﬁge Dist%ibdtggg

The ape distribution of mechanical auginee:ing faculties im Ontario

- shows the effects,of the hasty buildup.. The preseat faculty, 156, .

if vaiformly distributed in age between say 30 and 65, woeuld have

.dbout h.5~fauulty at cach age level.. The actual distribution. is.

shown in Figure 1. The excess in the age bracket,-32 to- 47, shnw@
the hiring spree of the 1960’5. This distribution has four bad

- affects:

L. The pruscnt ianult} is. perhapb of somewhat quser quality

than it might have besn as there was not. sufficient attention.
. and effort made tu attract greater numbers of mature engineers
in the age range 45 and over.

2., The present faculty will advanece in years with very few replace-
ments. There are only 9 retirements in the next 1l years, whereas
at the averapge rate there should be 4% retirements. This means.
that a whole generation of good young people will have to be passed
by bacause there will be no openings.

3. As the faculty grows older, they, like evervone else, lose their
{nnovative spark, thelr drive, and their enthusiasm - in short,
thev become the "old fogevs". The department thus grows old along
with the faculty.

4, As the faculty bulge advances, so does their rank and their salary.

Before retirement, the average salary may be 50 to 1007 more than

at present. Some future administration will suffer under the

hiring folly of the past decade. It would have been better to

hire as a preofessor an older engineer from {ndustry at the immediate
cuost of two youdg men g0 that his retirement-could relieve the pain
of the bulge. | | |

What can now be dond?  Several things:

1. Whenever someome rotires or'resigns he should be replacod from
the age range best sufted to fill the gup.

2. After 15 years, when rmtierLntq begin to oceur in dege numhers,

new appointments must be made i{n part from new graduates and in
part from older onrineora. '

H these steps are not taken (Jnd it wiil bo temptinh to hiro

‘ oniv the less expensive new praduatv)'a new bulge will be created with

the same bad effects as 1t present.

U course, ‘there ”111 prubdbiv be sone rellvf from the stow

'growth af the populution In general and the demand fuz engineering

vducation in parricular provided due care is exercised in the hiring

of facalty in the future growth periods.
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Staff Mobility

@

Here we are concerned not so much'with staff exchanges between

universities. but with the movement of staff dbetween the three major
gectors - the universities, industry and government. Such movement

g important foy the individual, the organization and soclety as a.

whole. . For the -individual it provides an opportunity for improving .

- his- career prospects and ‘his-satisfaction in his job, a wider experi- .
- ence and fresh- stimuli..  For the organization it provides oppurtunities
- tu reeruit -people of gh qualificatiocns: and unusual experience with

a fresh approach to problems and interdisciplinary experieance,

We consider that wobility of staff is essential 1f we are to
develop a competence in all of the functions of engineering at the
advanced level., Whille there are some notable exceptions, we got the
impression that many senior staff members have been relatively immobile
throughout their careers. At the junior level many staff nembers of
the engineering schools have been recrulted directly from their doctoral
or post-doctoral studies, without any exposure to the industrial or
gavernment sactor. :

We are aware of the obstacles to mobllity: administrative dif-
ficulsies, misconceptions about the challenge of the work in other
sectors, intellectual snobbery, diffcrentials in salaries and working

~conditions, pension rights and sheer inertia. Nope {s insurmountable

once people are convinced of the importance of mobility.

PannLidl support for Graduate Work

" The matter of financial support for graduate work was raised by us

at each university visited. In all institutions the pattern of response
was similar - the junior staff did not participate in decisions as to
how the budget was apportioned between faculties and departments, and
therefore did not wish to voice any strong views, whereas at the top
of the administrative hierarchy there was concern that any change in
the system would reduce the total funds available to that university:

- From many discuqsions on this point we wnuld conclude that the
current basic income unit (BIU) rating of 6 for PhD students in
cngineering {s probably not greatly out of line with actual costs.
However, in comparison with the smaller units which apply at other
dogree levels this unit focuses attention on the high cost of advanced
degrees and there {s a risk that in a financial crisis PhD pregrams

- would become the first target for cuts. This might well happen in

engineering during an industrial recession, at a time possibly when it
would be in the national interest to train more people for leadershep

in the various fields of teghnologv.
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Concern was &lbu expressed with the risk that a high RILG f
attachad to a p&rticuldr degree will provide a special incentive
to the administrators of a university to concentrate more on the
_ﬁruwth than the merits of that,dq;:ee in order to increase the .
revenus. ’ o ‘ -

o We gan;ludxd that the prcz cat scale of BlUs* which places a
nrcmxum on the Phb s iikely to distort the university education
system as a whole and that budget arrangements should leave the
" indi¢idual university free to dectde the prioriciss approPriuCe to
i{b pértiuuldr situ?tiun.‘

Thvre is no doubt that a fresh outlook, with the introduction of
new courses and a change of emphasis in existing courses, is essential
as a continuing process. We suggest that anp important, and perhaps
the main, stimulus for these should be provided at the graduate level
by funds from outside agencies - federal, provincial and industrial -
in support of special courses and specific research programs. 1f the
funds trom "mission-oriented” povernment and other agencies were to
vecome readily available the universities could respond more quickiy to
demands of society which are evolving rapidly, and which may or may
et be short-term. The universities could do this without abandoning
4 commitment to the traditional functions concerned primarily with
the advancement of kaowledge for its own sake.

We commented earlier (Part IV.AL) on the gcale of salaries offered
te Phi) candidates. We believe that a stimulus to qualified students
to enter doctoral programs can be provided to a much greater oxteat
threugh the selective use of scholarships., Often in the past, initia~
_axvus of this kind have had as a primary objective the grooming of the
top grddu&ths for staff opentngh in the universities and government. =
. The emphasis most needed today and .in the foreseeable future is in
training people for Canadian industrv,  We think that the voice of
industry should be heard more often in discussions of tho training
of eirineers at the gr Aduate level.

Thus we would see the provincfal depariments responsible for the
universities assuming to the maximum extent practicable the "base"
fowd for all of the costs assocdiated with teaching in the broad sense.
CThe cost ol research would then be. separated from the teaching function
ceand Thorne separately by the goverament -departments and other fastitutioas,
public and private, vhich require regeareh in support of a misslon, or
assessoed against agencles, such as NJR.C., with a broad mandare to
promote scientific research on a national basis. We do not of course
sugnest. that these distinetions are Siwple,. or that blavk and wshite
answer s will be fortheoming. ' ’ ' ’ Co o

We alsa consider that the students who have the required aigh
quxlx:xadtxons to enter the graduate schools and do rescarch should

Treveive substantial ald in the fofm ot schol arships and followships from

the aspencies concerned with prometing research.



RECOMMENDATIONS

:f‘bovernmentx and indubtry )

There should be no assigned quotas fdf PhDs in mechanical engineer- =

{ing for the Ontario system as a whole nor for the individual
insfitutianb. ‘ ‘ : &

‘(While the cauacxty of the preaent svstem is ln the order of "300

Phl candidates we believe, contrary to the projections of the discipline
group who -predict a-slow growth . in .the PhD population from.the present. .
150 to 180, that because of the. changing immigration policy and the
known decrease in-the undergraduaté enrolment there will be a: slow,
steady decline during the next several years. Emerging market forc
could reverse this expected tremd. For thege reasons we see no fore
seeable oversupply but rather an undersupply dictated by the availability
of good candidates. It is our firm conviction that by 1978, barring an
unforeseeable economic disaster, the supply will fall far short of the
demand. Hence there is no present need for large faculties nor
facilities.  The supply of qualified candidates, the demands of the
market place and the competitive forces between institutions is the

best guide to the future.)

The quality of each of the existing programs im the total system is
acceptable.

(Mechanical engineering by its nature is a highly—diversified
discipline. In content, there is a wide ramge of topics generally
embracing three main areas - solid mechanics, fluid mechanics and
thermosciences. Each department within the system has adequate céver~
age in these main areas and has developed a distinctive characteristic
depending on its specific resources. The larger departments have a "
diversity of expertise which permits them to cope with a wide range
of interest while the smaller ones have reached out to develop close
contacts with industry and government agencies to enhance their o
resources. Both large and small departments have established.excellent
research relationships with bioscience departments in the environmental
and bioengineering fields. We, therefore, find the PhD prcgram at cvach
ﬂﬂiVLrQitV to be acceptable and viable, ) : : -

'Dacisions to assign specific research areas to parricular departments
 should be made within the university and not by an outside agency.

(rhese'decisions are bést left to the dépéftﬁenﬁ itsLlf “which will,
in the competitive sense, attempt to get the maximum return from itq
resources. The basic sgyrength of any department lies with people

" themselves. We would expect they would, in developing a new or

cxpanded program, consult with their colleagues at other inmstitutions
and with granting agencies. Howeéver, their. research efforts could be
made more relevant by a movement away from the classical research
areas to research on the phenomena of greater current concern to

- ,,...‘..»..\_

o
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. The normal mechanical engineeriﬁg PhD ptogfaﬁ should contain
.13 years of a broad selecticn of courses beyond the Baccalaureate...

“_(Thiq nnrmally implies & full courses or their equivaience. To .

" have a balanced education of masximum value in engineering gractice"
‘a student needs a broad knowledge to permit problem solving on a

. broad fromt. and. detailed knowledge in depth in some specific prcbiﬁg.

The courses should provide breadth while -the thesis provides depth.

_As thesis work becomes redirected more towards pfoblems of curreant

socletal and industrial concern, it will become especially 1mpnrtau£'
to have and to use the basic methods and material from a broad range

' of core courses.}

PhD graduate work in mechanical engineering at the Universi:y of
Qttawa should be integrated into a multidiscipline effort in canjunction
with the other engineering departments of the faculty to provide the
vehicle for a nondesignaced graduate degree in enginearing.

(A unified faculty approach to work at the PhD level would be a unique
experiment in the Canadian system, and one worthy of trial at Ottawa.

If this is accomplished no new mechanicsl engineering departments or
enlargements of the present ones are required during the next five years.
The preseant sgaff -and facilities can handle all the PhDs likely to apply.
The real liﬂ(ﬁatiun will be the number of good candidates.)

Special care should be exercised in the replacement of faculty who
retire or resign, to correct the present seriously unbalanced age ,
distribution in the Outario system, especially in the younger depart-
ments. \

The entire question of financing research and graduate work in the.
universities of the Ontario system should be re-examined.

(The encouragemenc of - a&van&ed ‘work by graduated BIUs has had the
desired growth effect. Now that the system is mature in size, the
Province of Ontario should meet its educational responsibility by
providing for basic per capita support about equally at all levels.

"However, the research support needed at the master’s and dopctoral

levels should, to a major extent, come from research grants and
contracts from industry, the federal government and other sources.

' and, when appropriate, the province. The need to obtain research

support in a branch of engineering would help keep it relevant, would
provide the best environment for the students and would provide a
healthy stimulus to the faculties )
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APPENDIX A

OPENING STATEMENT MADE AT FACH SITE VISIT

ﬁ?Q?ﬁ7f

N _ . Gf»'u t i?mgg} :

‘7ke,m;et with- yau chxsmmnrning to. infarm you of the. respansibilities we, aﬁ a.

m'roup, luive to face in the next several weéeks and to qeak‘ygur respnnsa to same

Jof the.questions that have. been placed before us. In doing so, we wish to clear i-;';,
©the air of any suspicion or rumours that may -precede or follow us. We ask you '
~otarparticipate freely in the discussions in open forum this morning or, if you

~ wish, later.in the day in private or small group sessions. After we leave,

_ﬂiidgaq may occur to you; please feel free te communicate with any one of the
f‘vxxlting tcam. We will welcomc sour thoughts at any time.

ﬁ;nv facters affect our task which is to review the yearly enrolment of

_f”svme 100 or so PhD mechanical engineering candidates and recommend on the kind,
ﬂ guantity and distribution of these candidates throughout the Ontario system.

Factors affecting graduatn student numbers -at the PhD level are wany.
Amony them may be included:

1. The response of industry: small companies {and Canada abounds with
these) have felt, up to now at least, that highly-educated pgrsonnel
are an expensive overhead they can 111 afford. K4 '

J. N.R.C. Industrial Post-Doctoral and Senior Industrial Fellowships
are helping to overcome this reticence on the part of induStry ‘
‘large and small, hopefully giving rise to an ingrease 'in demand for
PhD graduates.

3. Thé funding policy of N.C. R. requiring fellowship holders to be
. Canadlan citizens or landed immigrants tends to re@uce the supply.
Attitude of professors when interp:eting 9Assista§ts“ on the N.R.C

- grant forms. Some professcrs interpret this to mean they do not
have to support graduate students bat rather to hire professional
help to assist them with their research. This negates one of the
main purposes of research at a university and again reduces.the
intake of PhD candidates. It s known. that some qualilied students -
are being refused because of this practice.

FEs

5. The attitude of society to engineering and the physical sgienﬁew is
one of suspicion. We are the anti-herces. War and the degradation
of our environment are associated with eng1neeriug and the-sciences.

‘students have been "turned off" and they are slow to return.

6. The atattud; ‘of society in general, and govornments in particuldr,
to rasearch s llkewise one of swspicion, Prioer to 1960 most
“englneering faculties in Canadian universities were excellent under-
graduate institutions, teachlng loads were 16-18 hours per week,
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- research was carried on matnly on a personal basis. Iu the 1960's

 all chis changed. 'Every university, with public encouragement,

- expanded its research programs; teaching loads were reduced to 8-10

~hours per week. It is now estimated that the teaching and resedarch -
costs -are nearly equal., Governments seem to wish to redistribute
this cost to something like 60-40 or even 70-30.- With- the support

‘iff?$‘f. of the general public, in view of the high cost of resesrch space, . =~ %

‘the’ governments have severely curtalled building expansion, . What
ts research, where does it fit in, who should do it, are questions

- we all must-struggle with. " In this regard, the Corry Bonneau ~
- report, "Quest for an Optimum", is worth reading. -

You are*aware‘this»séﬁdy‘ié a féliqw~np to ihe repbrt’fxiqg“afLIfan and

. 5‘7“£ﬁ§?CQDE respouse to that report.  Our task is very specific. It is to pick
© 77 up where the repoct, with reference to PhD studies, left off. ACAP is conducting
< ra general study of PhD pregrams in the Ontarie system; we are but a narrow feg~ -

ment of that broaa ctudy. Our task is to review and recommend on the PhD progranm

© ' in mechanical enginecring. Other teams will consider the many other discipiines
©7 oo under review and our report will come togethei with theirs from which a combined
S oreport will emerge.

. We understand that the total number of PhD candidé:es in engineering has

. ~ome -general agreement and is in the order of 450. The main areas of dispute

between the Ring of Iron and the CODE reply were:

1. ‘the rate or vear at]which’thié”numbér would be échievéd;‘ ‘
2. the distribution of c&ndidafeé among thé uniﬁersitieé; |
3. thé designation of‘programs at various universities;

4. the viability of PhD programs at cextain univérs{:ies;‘

5. . the various cost factors involved in PhD work. - . .

With this as background, we have been asked to:

1. visit each university with a PhD program in mechanical engineering,
© review its background and capab{lity, I '

2. report on the adequacy of the present state of doctoral work;
including : o L e _ :

(q) cuveragu-nnd.spvcialiciés, exﬁent cf actiQify;'.

(b) facuity quality and quantity;

(<) natu;u-of ;hé prégrams offered; | .

_(d) cnrulmunt éiéqs'dnd‘distribution‘améng;univérsitiqs and divisions:
(2) qualitv of the student body: |

(f) relationship with :0}3:9& d;ﬁaiﬁ}inps and the profession;

(x) fphysicuL_fgpiliL{ES.
_ o ]

[We cannat condemn or curtail but may ask for a review. )
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our recommendations are to cover five years, 1973-78 on: .

(1) desirable doctoral prog:ams in Gnaaria,

f(b)~~desirablg enrulmunts, vear hy year, taking into account .

, the available marker; o
{é). distribution amongst univursitieq for vdrious programs'

(d). distribution of enrolments amengst the universities and
~..desirable ranges of enrolment. . .. ..

wo can eonsuit far aﬁd wide — univerQIties, industries, govern~ :
m‘l‘t, L‘tC‘. ’

©. We have not begunm to face all these issues but are searching. We seek
thoughts on such questions as:

S wour,

- 1.

How do you view a quota system? In today's world, do you think onc
is required? Are the numbers penmerous? Do the present conditions
regsulate sufficiently so a quota is not required?

Failing a rigid quota system, how would you view a provincial-wide
pool of engineering PhDs with a quota on the pool? Students would

be admitted on the basis of excelience and would choose thelr schools
and programs.

On a narrow basis (same as above but for mechanical engineers only)?

If vou are not prepared to have restraints such as are suggested,
how would vou meet the budggt reductions Iikelx to be Aimposed?

would vou accept a variation of PhD support between univ&rsicie

~ (a) by eixminating or reducing the premium or differential paid

 for PhD students? Maintain total income to engineering the
same but change the base 2 or 3 Units for engineers up to
and including master's level and some schools because of
program and considered excellence be given a premium of I Unit
for each PhD candidate; other schools would have PhD candidate
if thev 50 rhose but without the premium7 ‘

Finally, may we thank you far the cooperatian we have‘rceeived. - You have
prepqred many statistics for our use. We have intruded into your summer plans.
We mdy even come back for more data and assistance. Uur snecific report will
be reviewed by the Committee of Department Chairmen for errors of fact before
it is submitted in its final report. It will not however come to each.depart-
ment for scrutiny. Thank vou for your help. We welcome your questions dﬂd
Hu%puﬁtiuns. ’ K :

e b ey
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ADDENDUM

In the original report we urged that the Departments of Mechanical
Enginevring of the Ontario universities consider a redirection of their
. ¢fforts at the graduate ‘level roward studies of important problems which
co=- woynderl e mechanical engineering practice. We emphasized the importance
© of the leadersbiip, role of the university in the full use of both rationul
analysis and empi¥icism in engineering., The purpose of this addendum is
to oxplain in greater detail the reasoning which led to that recommendation
Cand to suggest wavs in which it could be implemented.

The picture today, as we see it following our visits to nine
departments, {s described in general terms in the origimal report. The work
.at the graduate level in the majority of departments 1s strongly oriented
toward theory and analysis. Within the three fields basic “to the discipline
~ applied mechanics, fluid mechanics and thermodynamics ~ the arvas of -

- specialization selected for research vary from time to time in gll of they =
departments, depending on the interests and capabilities of the'staff and
students. In the process of sclection, the projects which are.deemed to he
the most. suitable have been assessed within a competitive system dependent
upon critical peer judgements of the capabilities of the sclentist and the
quality of his work. Generous financial support for most of these projects
has been provided thruugh funding by the NRC, usually in the form of
operating grants.

In large measure the current emphasis on the classical problems of
engincering science is the outcome of policies which were introduaced in the
post-sputnik era to meet the unprecedented demand fqr engineers trained In
the techniques of advanced analysis.  In the light of the record to date it
would be difficult to argue that these policies have been a complete failure -
the research which was used as the -vehicle to train enginéers has contributed
to the knowledge of .the physical sciences, and, judged by the usual criteria -

o publications in referecd journals, contributions fo symposia, the quality.

N haudent thescq ~ the standards of accomplishment have compared favourably

 wlth the 'norms' "accepted by the scientific community.  For two decades the
graduates who-were the products of this system experienced no diffltuitléb in.
finding emplovment in the universities and in certain fields nf advannud

Lc&hnologv, notdblv the aerospace industries.
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o Nor all of the schools we visited have contributed equally teo .

. this record, some are much newer than others, and some are much Stronger

.than. others. Nevertheless we did not feel that, to the extent that we

- eould assess them {n @ -short visit, individual differences between
Cdepartmeants, or any possible shortcomings, were questanding. Accurdtnply
Clwe réached the connlusiod that all of the departments we visited have
';fautfinxgnt faculty capable of offering the essential core courses and of
wsuparvising the traditiondl' type of thesis thtough the entire graduate -~
“j}ege‘trum, . . : , :

S

There 1s littlu doubt that the traditional type of :raining will

N :equip ‘those who have the ability, and the motivation, for creative careers

in. basic research, in theory and conceptualization, and in technical
problem solving. However, we very seriously question whether this is

.. sufficient in the advanced training of all mechanical engineers. In our
oosacicety today there is an urgent requirement for entrepreneurs who are not

F_dn{y well informed in the basic sciences but, in additionm, possess a wide

range of interests extending from the techmical to business and management.

From the problemb we face today and the growth in career opportunities,

it is clear that there will be a substantial demand in the futurc for

engineers with advanced training in breadth as well as depth. These will
be gqualified in certain functigns of engineering, as well as the basic
technical ingredients, they will have acquired the essential training in

mechanical design, or production eagineering for example. A short time.
after graduation the individual with advanced training may be called upon

to function as a project engineer. In that capacity he may be expected to
provide leadership and motivation to a group responsible for a major
technological undertaking., He will be responsible for planning and

arganizing the work, meeting deadlines, handling budgets and costly résources,

ensuring that the proper coordination exists between the team members and
that the profect moves forward expedftiouslv.

. the notion that the functions of engincering can be learned 'on the job!
s produced distress and disenchantment in young graduates and emplovers
alike, Each function - ras;arch, design, production, -systems planning -~
requires a different approach, viewpoints, talents and wavs of thinking and
it is esgential for the student to acquire a deep understanding of certain
of these - and to be able to distinguish between others - before he is
Lamched upon a career in engineering. The importance of preparation
fdentificd with the functions of engineering appears to 'be better undérhtoud
fn countrivs where the ‘technologxcal' universities have deep roovts - and
the tendency of our firms ¢ seek to recruit praducticn engineers', for
qumpig. from ouasida Candda is one of the requlta. e e .

It is to bé'scresbgd that we are not 9uggascing thét the emphasis in.
the education of mechanieal engincers should shift from theory and analvﬁis

cwith sovie synthiesis to an utterly empirical attack or a complete pre-

oceupat ion with hardward. The primary need, as we see it, is to expand
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nniversity research into the basics of the more relevant, lesgs elassical
problems. We would faveur a greater emphasis on the formation of project

‘;f?;tcams to undertake relatively simple desigan problems, but we would strougly
- uppose any suggestion to carry this to the stage of the detailed design,.
i cdevelopment amd protofype manufacture of complex structures or mechanisms,

" “?ndwrtnkings of this kind are best left to industry and’ the way for the

C0 S ndvanced student to gain geod experience with these is through coeperative

’ijragxammus.whiuh includu~industry as an equal partner with the university... .. -

wg &n not prctend chat it will be gasy for the departm&nts of the

U mpiversities to strike a balance between the traditional approach, -which

“has the support cof a wealth of experience, and the strident and often short-
siphted demands for "practicality' or "relevance'. A-.stronger dialogue
between universicy staff and the emplovers of qualified engineers would
“~help., If we look at the problems before us today in the fields of energy,
Ctransportation, or the eavironment, 1t is apparent that there are many gaps

g the knowledge which should be attacked systematically to provide the

“hasic design data which is essential to advances in engineering and advances
generally in technolegy on the broad front. We look to the Departments of
Mechanical Engineering in the dntario system to lead the attack on these
areas of concern.  Some have already begun this work. -

We have stressed the importance we attach to the design function. With
tow exceptions the work in this area which we examined was disappointing.
Uswally the approach was intuitive, plus 'handbook'. Rarely did we find an
" appreciation of the place of science im design. In the outcome there is a
tcndcncy to regard the role of the professor who teaches design as different,
purhaps even inferior. Hgﬂhas difficulties in attrauting rcsodrrh grants,
with 1np11xdtionw that are aIl too Famillar.

TAs é&éh”f&hétien of‘h(éhéﬁi&&l‘éﬁgihééffhg'fé“ﬁégéd"bﬂ'5 different
vhilosophy and approach to a problem, a wide variety of choices is open
to the various departments, and even the largest department cannot cover all
of - the fields. Conversely, even the smallest group we saw is <capable of
miak iy a useful contribution, provided the group is not working in isclation
from other groups in the unlvcrsitv, and the area for a vonrentratad effort
is selected with care,

Sonme vxanple of st;pa whxgh wauid in Our opinion, redite;t some of
the current work. toward innovative studies of more urgent problems which
arisc In mechanical eagincering practice are supgested in the following
paragraphs, They are buased largely upon initiatives which have alr;adv beun
undcrzdken or propoaed in the five vear prdvrimmr of the various departments.
CAR _‘.‘ I ‘,‘._}.; 2 '3 S11Y

In the general ficld of cnergy production the pas turbine is of safficient
importance to justify, In addition to the teaching of enginecring fundamentals, -
4 conceatrated undertak ineg ot the yrudn&tv Tevel in one Ontario universiiv,
~arleton bas the staff nucleas which bas recently been strengthened by several
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Cvery good people in this fleld, 1t .can call upon the speclalists in the

- government laboratories, and it has access to extensive test facilitdies

- which are not available elsewhore in Canada, Accordingly we would recommend
Mgg}thia work for LuntxnuLd suppnrt. :

K Ihe work in :his deparCmcnt on studies of heat flaw and fluid mechanics
as chey relate to nuclear. reactor .technology .is appropriate, and it is-

"~qnatud that the group at Larleton is working in c¢lose c°operatian with CGL

 and AECL.

Ln BUNMALY it would bc deslrable, we believe, to concentrate on the

;fh :Jevklapment of a stromg competence in the field of gas turbine technology.

Many of the staff engaged in other activities could, we believe, direct
their efforts In this direction.

For the present we would treat the others as adjunct fields and
encourage them to build up more slowly. The object would be to exploit
these other fields at a later date, depending on the pace of development

- of the gas turbine field,

McMASTER UNIVERSITY

The laboratories are well equipped and the research work by individual
professors in the 'core' areas of mechanics, thermodynamics, fluid mechanics,
~is of good gqualitv. '

The emphasis on Engineering Pesign in this department is stronger than
At most universities and has received wide recognition. We have stressed
the importance of deslgn as one of the basic functions af engineering and
we wauld tike to see- this wark receive” @ven more support in this university.

%anufa&rurzng Engineering is rgcaanZed by this university as a
programme with a4 high priority and a strongz team is engaged v metal cutting
and metal forming research. It s receiving substantial { inancial support
from the university and from at least one federal agency. Although the
programme is at an early stage there is no doubt about its 'relevance' to
the advanced technological problems of industry and of the villingness of
industryv to participate. The requests from the firms fot research under
contract is growing rapidly. An Advisory Board, . comprised of leading
industrialists in the Hamilton area, has been formed. Good coape it ion and
a reasonabic degree of coordination exists with other university stat'f
wurking in the field uf manufxgtur;n& anginegr1ng at Waterloo and Queen':

In our uripinal repurt we augngch 2 Stronger theoret inat bAsv'iu
sulde the experimental work, to assist in the interpretation of the results,
and to provide a better understanding ot the phonﬂmcni eneomt ared in
metalworking research,  for the student who is "theoretically inelined!

this would {mplx additional upportunxtius for study.

b wuuld alsoe saggest that ton'ida ation be given to the possibility
Tof making nlnutafturlnﬂ enginutrinp the fecal ‘point of work in this
departmdnt, and that wheaner practicable the oricentation ot other work
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ﬁn chunged to conform with {1t and to provide gredter unity ot eftfort.
It s to be hoped that the practice of cruss~appointments aad the

.f;intorittlun of this work with other disciplines within the university

vf;whtah bas already begun in sosic instances -~ will grow to the point
Clawbere the programme will become A hi&hlv significant, if not a domipant,
coattraction to students plamuing o carcer in manufacturing, production
ffcnpinvcriu; or o related field - There is Lonfidencs thdt the graduatus

';"{\)i this course wa be in predat demand.

Uni\{tvt*%i {‘ti_}' __91‘ _{}_t tgmz-;’

gur earlier report Lﬂﬂtﬁlnb +4 recommendation for the development of
joint programme in conjunction with other engincering departments of
Lhi. university at the praduate level., We continue to hold this view.

1t was based upon the fact that the Department of Mechanical Engineering

o is new and relativelv smiull. The average age of the staff is also young,

80U, of the staft are under 45, The orientation is rather heavily slanted
to the academic, 707 of the staff have very limited industrial experience.

Wwe would have serious reservations about a number of the profjects
Cproposed for research at the graduate level in this department - the work
done by industry on the performance and lubrication of two cycle engines,
for example, leaves little scope for tuture development In a university
Taboratory. O the other hand we would strongly endorse the proposal to
pertforn research which would lead to a better understanding of the basic
seience and the problems underlying operations in cold climates. Probloms
identificd with, but by no means limited to, permafrost, materials,
tubricants and corrosion, for example, 1o accomplish this will require
strony, leadership, enthusiasm and a close association with some of the

current. developmental activities. in the North. . We consider that a multitude .

of problems of this nature will arise which are worthy of work at the.

sraduate level and that, as stated in our previous ruport, they will not
be confined osclusively to mechanical engineering but generally will be
interdisciplinary in natuare,

Che wrow mz ¢ umpul ation b {mw n {hkb fac alty and that of Carleton
Piiversiity and varions federal goverament agencies in shar lng the expurtisa
ofthe ,,t.xti &ma thie physical facilities is to bv Cangne mk g '

GUEEN'S CRIVERSTIY

AT owas the impression of the consulfants that the ;.;i‘uu;}s vorcernaed
witih Leat {SAJ oy nd flubd mechanices were workiup Yather Lodependently
GTone ot LindTohat sdne guldiug effort toward a nore, Plunited poat, ‘
caieh wostlo provide aotarget tor mauy of the activities of the staff, wonld
e fenirable.

Ratther = inilay conclustons applied to the work of the Institule of
Corbded Cronsd Treaacoport . The activities of the Institate loclade work on
troack and tracked vebiicle dvoamics, vibration, stability and control, and”

A1
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._.‘l§§ Jssiyn mnd opurhtiuhbcf vehicle coantrod systems. Thergfofg a4 good
Co, sk can be made for integrating the work of the Institute with a number
ot thu projects currently uaderway in the Systems and the Applied Dynamics

';qrnupq. ~Uther groups in mechanlcal engineering working inm the related
Cficids of heal. transfer, fluid mechanies and propulsion could also make -

. important contribution.. [here is considerable scope in. this work. for.

o the constructive participation of other departments such as Civil hngingering

TV}znd Eeenomics. Thae feasibility of making the Institute the focal point of =
Cthese activities, of course, denuds upon the support which can be provided

within as waell as exterpal to the university. Such an integration would

"o provide facilities, a common sense of purpose for the staff and students,

77$nd, in the long term, afford the university the opportunity to provide a
Jeentre of strengeh' in railread engineering which has becowe an urgeat

_,5ffnatiundl requirement. Nome of this iIs possibls without the enthusiastic
oosupport and the guidance of the senior administration of the university.

UNIVERSITY OF TORONTO

We would not attempt any detailed assesst & of the extremely broad
qpoltrum of the work in this department. It is accepted that the staff are
Cpenerally of high calibre, the students are . ected with care and a
sipnificant level of activity has been achieved within many areas of study.

Farlier in this report we emphasized that even the largest departments
cannat provide adequiate training in all of the funcrions and fields of
~mechanical engineering. Accordingly we feel that a greater concentration
of ¢ffort within this department would be more productive and would suggest
fundamental arcvas of study and applications appropriate to an important,
continuing problem area of enginmeering today, The talents and resources
avallable to this department are great and perhaps. could focus on a major. .
problem.of national. concern,-such as we find -in-the field-of- energy.- -= -

VIIAS

Many changes have occurred since the Ingtitute was first created and
achieved its initial growth. At that time theére was a burgeoning aircraft
industry in Canada, 4 strong cvefence interest in gas dynamics -and highspeed
flight, and the prospect of considerable aerospace activity by the government
and a number of Canadian firms. Substantial support for the Institute was
reveived from defence agencies in'Canada-and the U.S.A. It was an accepted
tadt that many graduates would emigrate to the United States.

A genuine effort has been made to shift the émphdsis in -the work of the
students to fields of interest which are likely to be of benefit to Canada
- thd &Lrud\nanxgs of buxldian, Iong term noise countrol, .the dvnamics of
wvehicles, are examples. There is general agreement on the need to be highly
gceiective within the broad spectrum of the expertiqe of the staff in plasma
scioence, low density gas dvnamics, subsonic acrodvnamics, flight dvnamics,.
shockwave phenomena and noise.  There is also little doubt that the work in
Cthe rield of structures and materials would beneflit from a strong intoeraction
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._m?ich the work in related fields on the main campus of this university.

1t is-enéuuraging to observe that the cduperatiau batween the UTIAS

."f qu¢ main campus staff is growing in a very practical way and is not
Sl rastricted to the engineering disciplines. Indeed, our recommendations

" “for the Department of Mechanical Engineering have implications for UTIAS

;Hffglsu, for the two departments, working under the same umbrella, could
 develop a ddpabIlify In A Selécred Tield - such 48 alternate sourcas of

"energy - which would constitute 3 stroug national asset.

”tw:vtnsxr" OF WATERLOO

We would again stress that no university is capable of eovering the

'1 >who1c spectrum of engineering practice. At Haterleo the gpectrum is so

- broad that depth in any single arca is limited compared with what could
he accomplished if attention were focussed on a meore limited area of
specialization., Most of the independent efforts with very little
reovientation could be brought together in a programme of teaching and
research which would be very strong.

The work in the field of manufacturing and productiom technology
mxght well be used to provide the required focus. Waterloo is located
in the centre of a large concentration of light manufacturing industries,
and, as a result of a cooperative programme {(alternate terms in industry
‘and university) of undergraduate teaching and the consultative activities
of the staff, nas established a rapport with many firms. It would therefore
dappear logical to devote considerable attention to the work in Production
and Automation. The current e{fort at the graduate level in Production
and Automation is of satisfactory ‘quality, but the level of effort is
small in relation to the needs_of this country and to. the capability of.
the depdr{mgnt.

The staff at Waterloo expressed concern that during the past five
vears the number of full-time candidates for the PhD in Mechanical
Engineering has been steadily diminibhing, whereas the demand is increasing. = -
No doubt there will be a change when the word gets around of the number of
job offgrq the graduates are receéiving — at least in Production and Automatiun.
But some "push’ on the part of the univcrbity. in recognition of the ‘pull'
that has dchloped in industry, would be timely, and. it might Lurn out that
in vontrast to the more traditional toples the obvious 'relevance' of ‘
production, automation, and related areas LnVUiving desipgn, wmuld nave 4
strong ippLdl to the studenrs..

fkl‘thSEYV'L. WESTERY, U\iAPiU

,Thu work at Western in the precise measurement of the thermo-physical
propurlies of heavy wdter is of high scientific quality and has received
international rocognition. It is alse of grear interest to AECL and has
recs {ved flnancial support from that and otlier government agencies. We
omderstand that a programme conecerncd with new and improved methods of heavy
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Qitér prdductidn is uadef consideration. This is to be encoutaged;

b"" p§ﬁv1ded the current work can be extended. or redirected to place the

© cenphasis, not so much on precise measurement, but wmore on more inmnovative N
- methods of producing heavy water and on a better understanding of the basic
Cplienonena underlying the production,

Tha principal effort in Applied Mechanics has been in the fxuld of

~ neise and acoustic research. Although it is not Identical, there is a clese
parallel with -the work in-the same field at Windsor. While the need for
“reswarch {n this fleld will continue to grow it may be very difficult for
.« this group to 'compete! with the staff level of excellenceé and Facilities -

avallable for advanced’ theoretical work which have been developed over the

o years at other institutions, such as UTIAS.  The need for 'Applied
- Acousticians' with a good training in the basics of the subject, who will

design noise measuring instruments, advise governnment agencies on
acceptable noise levels, and participate in the design of buildings, is

| urgent. Therefore we feel that the currena emphasis at Westersa in the
‘triaining of students up to the master's level in this field is highly

commendable.  On the other hand we believe that, pending a stronger base
on theoretical work, it may be desirable to reserve undertakings at the

Bkl level in acpustics research for an exceptional opportunity, such as

that which would be provided by an unusually talented student, for example.

UNIVERSITY OF WINDSOR

In the Departmnnt of Mechanical Englneering :he main groups - thermo—
fluids, noise and vibration, experimental stress analysis and industrial
cogineering  ~ interact with each other and with the Chemical, Civil and
Industrial Engineering Departments to a high degree. From che standpoint
of developing a strong engineering schoecl in the professional sense this
interaction is highly desirable._ Industrial Engineering, which began in
the Mechanical Department, has developed into a separate department, and,
at the graduate level, maintains a good working arrangement with the
muchanical groups. '

- Currently the thermo-fluxds group has the larggst pdrticipdtiﬂn by
statf and students. In our opinion the projected number of PhD students
to be attached to this group is unlikely to be obtained, and we consider
that the proposed ratio of PhD to master s students {is unreatistif.

In ih‘ work of the gruup in Sound. and Yibration the emph&sis on
michiioery amd vehicle neoise 1s well chosen. It can be used to produce

_qnaliried people, and research rpsults of dirth use. The, demand for

in uscess. of the demand for PhD s, dﬂd one wonders why the forward
votection is for two or three students in each catepory. A contentration

o the master's level of training, at least doring the early stages of the

development of the group, pending a strengthening of the theoretical

Chackaround,, would dppear to be more desirable. '

in the Lxperimental Stress Analvsis group a good start bas been made
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% 'and further work to expleit other phenomena, such as interferometry,
We rather gquestion whether the field of experimental

" stress andlysis, of {tself, is broad enough to Justify a PhD programme

'j'?fin the absence of a complementary activity in applied mechanics,
- “75;u1nctrxgdlfuiegcronics technology, instrumensacinn (such as holography) .

™ 'lutvi .

AR At this University the interdisciplinary ties within Engineering are
.~ strong, and it has been suggested that the work In experimental stress
analysis and in acoustics would be strengthened if both groups werc to

J"wqcnntinue to vork closely wi~" Industrial Engineering.

17 May, 1974.
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RESFONSE OF MECHANICAL ENGINEERING DISCIPLINE GROUP
to

REPORT OF MECHANICAL ENGINEERING CONSULTANTS
OCTOBER 1973

The fxnal xeport of the mechanxcal engxneerznq ACAP consultants was

' *carefully studied and unanimously endorsed by the mechanical engineering
 discipline group (MEDG) on November 9, 1973.

The MEDG after careful consideration and detailed discussions reached
the conclusioh that the pérspective, impeccable reputation, and intermational
stature of thé ACAP consultants give complete credibility and authority to
the value judéements and recommendations contained in the consultants’ report.

- The MEDG considers that the recommendations of the ACAP consultants being

general in nature are valid for all of the engineering disciplines. The
strength of the report therefore lies in the very nature and the generality
of the recommendations} We as a group (MEDG) look forward therefore té
continuing the dialogue between the Coordinating Taék Force, CODE and COU
in order to ensure the implementation of the consultants' report. '

' The major and perhaps most significant conclusion reached by the ACAF
consultants was that_tﬁe quality of thé exisﬁing pragrams in the total
system is both viable and acceptable. Though the consultants cﬁallenqe the
departments to redirect Ph.D. thesis research toward xnnnvative studies on

‘roblems currently relevant to industty and society, they make the unequ1V0cul

, statement “We have no serxous reservat;onc about the extent of ccveraqe xn :

the present programs certainly not to the point of sugqeatinq the termlnatzon

of any In effect it is the considered judqement of the ACAR condultantq

that each department possesses the Lntellectual and physical resources to

enaure good‘Ph,D; study on mxsslcn orxented res¢arch® and that there ia a

place for the small and large departments.

By reviewing the available numerical data and statistics the ACaL

;gunSultants concluded that the so-called under-employment and Gver-supply

situation for mechanical engineering P'h.D's. does not exict. They went_on

to observe "that due to emerging immigration policies thé supply of grod ~



“ﬂnéh D. candidates by 1978 will fall far'shart of demand". they stressed

echec, in order to effectively combat the erroneous and negative views

%;_‘which frequently appeax in the press, engineering faculties should main® 1xn

qupfto~date hzstmrical records of the careers of Ph.n. qgaduateu and rettur

‘ [infcrmation on job opportunities. The MEDRG in turn considers that a hiagh

“?xlevel fellewship and seholarshxp program aimed at the “qocd students” could

Jinarrew the qap between supply and‘demana

o The censultants have pinpoxnted the two challenqes wh:ch we face.

“ First, industry must be kept aware of the value of Ph.D. greduateq, and
 isecond, cowpetent students must be informed of the importanece and benefit
: of advanced s:ud;es. Two of their recommendations are aimed at meeting

“these challenges, namely.

a) A Ph.D. program should contain six rather broad and
generalized courses beyond the Baccalaurcate comprising
of mechanics, solid mechanics, fluid mechanics,’transpnrt

phencmena, thermodynamzcs and modern applied mathematics.

)} By consulting with colleaques at other xnstitutions and
with granting agencies, individual reseerch efforts and
qraduate research theses could be made more relevant by
a movement toward research on the phenomena of qreater'

concern to govetnments and industry.

The above concepts‘of a“broad based academic prcgram and a thesis

research program were accepted without reservation by the MEDG.

Because of the present financial constraxnts the MEDG, thnugh agreeing
witl the fxndans of the censultdntq about the desxrdbxlxty of hirimg both
matyre engineers (in the age range of 4%) and young enq:neerr with promxse '
(30 years or leee}, ¢onexdere that 1t will Cdk@ some time before this can
be 1mylewented Lerhaps a- yartzal solution to the age dis trxhutlnn prorlem -

wieald ke to regularx”o 15 a more qystem%tzc manner tbe movewent of- ‘tdff

',between the un:veraltxes, industries and qnvernment. Thu unxversxtzas,

the xrovxnﬂxa; govermment and the Nalional Ronearuh Luuncil‘cppld be wf
ueﬁ;stan~e by removing obstacles currently ascociated with tenure, pension

Crights, salury differentials and vorking copditions.

- The dast recommendation.abcut.-the. BLU dilemiia has been. the subject. of. .
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many diverse &CAP repnrts. The concept of more ox lésq éwﬁal basic pvr
'fcapita support at all 1evels appears to be valid but it is equ&lly sp;arent .
'“ffxthat a transxtxcn period (measu:ed in years) would be required if their

’fi.:;gzecommendation is aCCEpted tn prevent ser1eus dislocatiun.‘

Respectfully submitted

" /A’if— /\/’(}:n*tx

" E.S. Nowak, P.Eng.

TESN:enm Chairman, Mechanical Ergincering
7 December 1973 Discipline Group
~
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C;wlvtnn l:\'km the vivw that ;*1 mxp of dxﬁciplims :lmuhl bv
:‘I‘t'#%?u;ﬂ.ﬁf hefore oo h..x pit tar v of the s xtuati(vn vri Lh‘m a s im'lu di.,ccp! e
< u; bav m..nmd 1«-*1«‘:11* on a.n; :mv c'mr;,.sm'm con';idm‘cd in is,nl ation coald
‘h.u 1n RIS ¥ JASPRSICES }ud; coenl and unwise and prvmpft:uv actinn. Throo

&jmx::\siu‘.z;&:‘.‘ final snsensment reports have now heen reccived for enginceesing

»:bi‘ ; ipdinee Inahiet Carleton io _arfﬁnﬂv involved:  Clvil Fn;{imwring.

g_')flmﬂ_» fcat Pnpineering, and Yechanical and Aer r.:mmt ical Eapincoring. A
fourth veparg denls vith Metallureleal and !-?atmfia}:; Fogineoring, of Tess
divect conecin to it.n‘h-tﬂ;}, whilte o fifth rcqmrtf, not yet received, will doead
1:§§h Chovieal Yavie sring, o discipline not represented at Carleten,

Thic rerponse will address ftaelf to the four reports vhieh have
boen vecofved and coinined o date. Ve way wish to adid further comments
vhor o o Chreh vonnrt has beon studiod.

Ve sonde o opoed Joadl of unaninity on a nunber of fundamental
Guesticns eon the fifteen consultants involved in the four reports so far

Creccived, A cormaeality of viewpoint ehich we S:h;xtfcv and endoyse.  We helicve
that Pavdinceringe bos bom bt fortunatc in having the asscesnsments careiod
out by wogroup-of cons ulhmn whose mtunetmn 1l s tature, valucd Fudgoment

and perspect A §‘,‘§\'&‘ suthority and ch;d fhitity to their f;tmfi&ts: md

Toitor e, Ai-n Foveral Aho we nm:e-;vi the i }'yimljn;:e-:- and subseribe ﬂsc By
xun'rr.’»r}:sz fasr W .th nnh IS .f'i.lw s'}:c‘wnt iong to e noted Tater.,

U In this-ro ;w*m 1 -s"}mﬂ do uI fivet unh {thione matteys which v
t*c'?f-‘*’«' > he 3,_.}};“ .‘si’i*f Fener Al in nature ood h‘.*.wv put il the end enr views

S IESTLIIES R AR ;miﬁm niszzd in mr?xvuhnl ropart s,
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'Hw fwn Yeporis are ummiz"mm in their npxnmn that pxc*vimw

tntc of (:}m Aomand for’ ms incers v £th dm‘tm.:'& doy rem notably. t}mm- o

H;:"ii'ﬁ_ t‘}u; L;a;vp pmf n" I‘)iﬂ .m.i Hw Top w{ f'nr (Y‘“& nf 1‘373 huve vrrcd
m,zm’fu tm hw Mfdp ’Ihuv pntnt u:t let nn;c is no cvldnuu -oi

chffnvi! :n nhinmzn johiy }w &huh m». vle.»(' tn ;x'.zsluaf j<m, _nm- da ﬂn’s”

h=f;.‘n'v-‘ wodif et 'Ln the tuture except for these vhich normally occur in

hl} hile wtn} Pl ngeas.

. : The cm;:mlt:mtﬂ. roteet the ndtion of z;mﬁm; :,sm’“"‘l va d‘!p““f”:‘”“‘.
. f_f,f control stadost aashers, o part becianee the detmd soenn ‘lﬂzt’f‘y
o cxeved the supply Lhay the reverse, ualing guotas mmecc's;‘(:':;n*v, but in Lo

prin becree they feel that other means of contrel are teo be preferred.  The
Coee o report an Eloctyiceal Fagincering puts it this wvav: "The number of doctorat.:
proanted n electrical enpgincering {(shortd) be deteormined by:

(1) Cavoilahility of qualified student =

(1) modvtoemee of adoguate stanlards by the unlversiticon, wud |

(iidi)  the esisting capacity (statf and {facilities) of the univer-ities
for giving adequete tyaining, " The Meohunical econe Mt.mts refer to m'u;;‘ms'
natural controls and g o o says | MWe vould wish the resources of the
Proseat avstoen, which are px‘a-‘.fitf;‘(%-d principally on ﬁmh‘rgrmhx:ux- ruqt:nxwk.&‘-xx!::,'
the rmarket donands, the quality of the p’x_'u;',r:.x’n:‘nr’ and i.}m food judgcvmcnf of
the depavtments to dnt.(\rnrinv the to(al unmbey vithin Uw s:yf‘fftv‘m.“

C..‘xt‘h'twf'z auler i tully 1o t-hs‘:;u views, b:.h«\m t.l‘z,n. !‘:zt.h‘wx'
hooe throu: eon My dmpocod guotas or Uinitations the universitios
fnd v et Iy shoald contrad oubors by re dricting sdniissfon to student s
showving hivie pyowi-e ond by maintuaining sdguite ::t.fmdardf;. The Litter
topetin v with the marfet deroard wi ¥l pt‘n\’;id(‘ an :zeh-qu::te‘ control, We would
boe ’,"‘X-"'.":js'{'..‘i.‘f'. !‘.}s;”;“w?'!‘ ti;.f" (E:".’(*}f;y:"f!‘f“f }d .Idup ity ﬁf an (\'ﬂz:n{ icm ,cha‘:.'w’,;
sech flfu"v :,"*}3;17':::3 s';.‘ fuden vacd at Gl o, hhn‘h ¢ ;'} Iu ‘i}x}'jT, Peal across

Al dlcivtines Lnd vhich conld be w-.uf in tho'; wntitaring of adaiss iun G4 amfmd‘

hooti v hatiowe shondd e oo u(l{! ‘mn'- v untvern xt\' .sml {H&w. {,e {,; j'p\"py
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«--Il.ﬁi,;"t‘i'(fl‘, that the intevprotation of these stasdards for fadividual »;.Lugiﬂv‘u't

cases sheuld be Yofe toe the informed judgement of the wniversicy concerned,

) fa, dﬂv of Exi.,t dng Py TO Y aTey "S_ugﬁ(_:r‘._l:'_i‘t_gtﬁ___vv_f(:}:f‘»f-_!jil‘.ﬁ_q_:»

, hum tiu n msr.:mcxm:: on t;hg" qnﬂiu of 't-h‘;}”i’i;.ﬁ.' magntmﬂv. for

tho ﬁVﬂfﬁW yxa‘rsitx ituiu clvan_thntmthchcmnﬂgltanﬁs-hvlicv&~it¢;d oo
q&itv}uu ptablo. wa Civil cinenltats poial t"):!f t}t:_x\t_" _"t"h_g system provided o
gmm} qu&} iy qumm of the field and :»p(*(‘i.tlti(’, withont undiw overlap o a

'1

;cs ‘rm ’I b Comments on indlvidual wnfversities draw nff‘mxlimx Lo
eh ;mxn:u o Trom the pore ju both Jdirections.

A cormen theme running thr msrh the re imrts; 1 th{: m.ud fc;r Bruitey

Cflextbility in the future.  The Metallwrgical and Mdt( riale cmmﬂt':mt‘f; stato

Aot veys YA Copadliag industry hecowrs s more sophisticated and has to

vely on wope advineod technolopics, it will have to leam how to fully
ut il ime the talents and skills of PLUD. graduates and the universities vill

have to Tearn how to develop YLD progrues wvhich produce Imapinative

cengincers capable of rw,pundnw to these new oppor tunities." ‘I’heqo cotisnltants

alsio recormond that mm'r imwes he no desipgned as to pptn‘it graduates {rog
other spoecfaltics to chianpe :;pcc‘i/x'lticc" ag they commence Th.D., work.
'i'him._cn’nlshultvmﬁt.-; 11sc '}mw i dc;n‘o of consiatency xoparding Pl
need te shift the enphasis in PhoD. programmes to meet the situation of the
seventics.  The Flectrical consultants state ft this way: “The educntion of
Ph.D, studente in areas of national need is a more efficient use of rosources
thon iva yandem chedee of Tields followdd by a peried of retiaining.”  In
relating it te their f'icld thc‘ Civil coasultants state that there z;h‘mxhi_}m»
Mless e mi Aztzmnl 4TS, partwn?mly stroctural engincering, and
:::m'c".».’tn"':: an maly M'umn'fm.nv ‘wiucatnm, caviroumental eny im'(*rmg,, onved
transportation.' The Mechanical consultants recomend a preater emphasis
on puw%miu 33! ux dhirecring, and denign, | |
Clone contact betucen ifm fnv(*fs"i‘txivf;"ﬁm’d 'indx‘mtrr)' {n felt ‘t‘:ﬁr iur“'

frportsnr b all the contuitant s and individeal uvivers ;U"f‘ have heew sinedod

aut for coswendation ,&-:hc"r'f' thi zmnt wt.is rc;nndcd as.exenplary . while other:

hove boon asked 1o 0 ;‘H\\'v i1 th G rF"‘I’t"(f

Omv anqin (‘n‘iamn aceepts the fmdzn 's of the consultants on tho

quer ity of theexiat fag -;:‘xfcsr,m:pf:.cs and ,‘Lhmr.‘: views O thenatuve of Phob.

F \IC programecs required for the immcdiate future. We feel that we have alrcady
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”?mado CﬂﬂQ}dQTdhlv ptngrvsq Lewnxd Achieving the chirdb3v 053?Ctive QEf

" "_’.‘vm\t by t}w C‘éx’x«!u}tdm :md ‘that wo h:xvv rocoi\‘od adequntv tﬁcognitimx fur

fthxx xn tho;r vaﬂli“"]u

3) Crirzcnl Siz,r

Thc—Fnrxnr‘rinyﬂonn ultanta 3re far Ioss COﬂ(GIﬁQd abonr zhv,cnnvrpt

s

uf crtta‘dt aiso th;n thp gunsuitan&a \nn Larritd out' amp nf tho 04r11<r
”:p}ann:ng a8 v@amnntd, and «huw as mnch eaneern far thv~dxaadv3ntay f

.L"bifﬂ&E” adoof ! wnllnvqs.wu Thc‘?ngxncering ronqultantr place: thoix prlmwxv

m‘umpha j on the qu1}itv of the ”tudéut and uf the fdrulty ruther than on_
:fsize,‘a vivw thi&h wc heartilv Lndnrxcf

Thc Mc:hnwxaul conqultants sdkv the ﬁtTDﬂPtht sranﬁ ﬂgafnqt thv nntxmn

s

of crxtit 91 sixe. Mhite admithng the advant ages t-ngnycd by a large pgroup,

departvents,

ey go on to enpress thedr view that Ya drawback to the large group is
“oghe dif fenlty of adanting to chanpe” and furthoer that “the groups in the
amallor departments often displaved aa oripginal point of view and a willingness

Cto adapnt to dm'w,v that was not apparent in the larger and longer esfablished

Y They fouad wmore crocss 1inkages hetween departments and i

gpreater tendeney to estahlich outside contacts with government and industry
in the émulXur faculticns.  They cnnétudc: "In our view no creative groug,
and no capahle individual within.such a group should be deniod.§upvﬁrt
because it is swall.' The Civil connultants echo these views: “Size s
not a suf ficient rrrtorinn for judping vhether a school can offer a Ph.h;
prvgrugwc‘ and u}sq there is no a priori FeLon viy o sma1l school cannaot
provide as ﬁﬂtfsfartory an envirvonment for the student as a largpe nchvni,“
The Blectrical and Metallurgical and Materfalé consultants are nol
as definite on the mattey of critical sire as the Civil and Mechanicud
cons nM I ’Hw H(Nru‘:ﬂ c*onf‘iﬂt"mt" fflt thll a dea irdble size for o
deportment fvﬂ in Hu- range from 10 to 20 [ ;mx?ty wxlh yom }{'." to 20
aLudanS carolled but prrussud the view that “high standards of excellince

Lichooerphacgn i qz:“;‘i‘jt:}f rathey then guant ity wils pay of £ in the Tong ron "

CThe Metatlurgiceal aud Matert. \} comrerult oty drone attention to the contrast

hetveen !im'?‘{s"f! fohi ;»1( eh te PN, cdoncafion contered arood tlie the 10
amd requiring anly one cood faculty merher and the American view that o

department. needs to be sulficicatly Yarge to provide a proper raage of
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75 B LY wortioa of Fatedien .“;Nt.rl'"'.i‘.:‘n.! ne

CAYL four nf iiw rv;mr!s :mrim revis n r :§o ufq,: “nu“t{: e fmre Lo

of fored g students Go L?u TRTRITI BT ;Hn"h s ol Out.r o Ln}\’."{::.st‘hsf:.

o Eletrivel connultunts notod that the percentage of doetaral

"""f;{l.,l.:'.ﬂ"i?tﬁ vith firar doggecs fron Canadian eaiversit ics yran con-intontly in.

giw roagte 1o L7 te M) over the past five vears.  They believe an ideat
i‘"z" st .i‘.}\'u!ﬂ*.w.- students with o ovardoty of baeloronnds comig, from var o,
tmk\vr;*i: ivo sl sleuld t hade some students from {orcipn coumtriva, Tho

Tattoer they foel should be in the ninority and they soosrent 257 as an

SApprop e pepertion, The Civil consultants expressced concern algo at

the Tow pvré-m‘.r:ng(s of fullegjme Th.D. students who had obtained their {irot
deproe A Conte but remarled also thot the percentage vas mach higher far

part-tioe ctodents *x-? curcestad that part—-time studics should b oncouraydd,

4 hd

The Tlechaniend commnltonta, vhile noting a sinilar propert fon of

1

pon- Conaiian Tiret o pree staskents 1o those ment foncd above concluded thnt

we eante! countoon Conadian caderpraduste sehools tooprovide eandidates in -

suf ficicar pnuehers nd thaot we most eontinue Lo tely on students f:‘um abroad.

The Tattor Condd TiloTly ds-c'_rumm in nunhicr in (he {u{mo dno to recent policy

chanpes vith fonpect ta zm atlon amnd finapclianl ::ﬂp;mrt for .‘ittzdx'l:{;: vit gt

Fande b o Gt storas, They sudiest thag suppoart for such students ehoutld
Ceiae 1o Mpproprnat e foederal ageneices such as (f..'Hl).\.

The Hoetatburpical aud "Materials canstiltants find that “"Canadian

dndantoy vnabte to (I dkn vaeapeles with Conadian graduates of Canadinn
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In this sortion we wish to deal with some apecific dssues raincd in

ind i ide el ancesaaont reports,

1) Civil Mucipcering Docloral Plonning Assessnent:

The references to Carleton University throughout this report arc
gencr Yy faveurable and on the whole we 1ike their conclusions and
reconnendations,  There are, however, one or two joints we wish to question.

In Recorrmendation 3 the consultunts supeeat “there 15 a case for
s:mri-'ccms;:‘:;tl‘vnt‘ rw;uii‘vmc'nt’ of dcceptance for Ph.D. students between wniversitios.”
Ve are upncertain asn to the mcﬁning of this gfnce it is not discussed in the
body of the rbpur{. Wo have ox gpressed the view earlier that there should b
a systor, such as Carleton's scholastic index, for cvaluating students acrens

n]l ux«<sp1:nea, dﬂd that 0COS might monitor qtanawrdv'ﬁf'sdmiqqian'yvnprully.

-'H. do nnt see the need for an thvrnnl person on accaptance cnmmittve LET

rontinge to support the position that there should be external ezaminers on

thesin toumitlees.
e c: annet accept the pro;m:‘.n] in Reccv:tnmmd.ﬂ:i.on' K} :‘.nm'k{ming if.i!_c-‘
tull peing of Lln Pk.D. BLUTLULY mto T he um!gtf*r.xdmite B.1UU 's althouph we

can cupport the objretive,  We bolieve that a major ve-cxaminad ion of the
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"‘Hm a'«\::n:e*:xt.\.’, Come }w dons .m:i Foe o mhnt im}b n;rp‘l y unifufnﬁy Lo our tun

¢1( v Gtoorta, Ve rogard this report an a highly competent and Hmrnur}t “Hoce

:

‘of \.:h'!'}’. The andyais in the earlicr sections prioy to the evaluation of

d;“;u.,::\\,hf.‘: gives to the vholo a degreco of rre‘dihi.!‘fty that is prnm&bly LY U

‘e

oA snch reperte,

Cay Teten ivereity has recoived a uniformty favourable asseuoment
. Pt

T ~~~m Frostrieal !xu‘.im*eruu:. The Ph.D. programmess in both departments arc
:‘m::n;vrcd to be "stroug." The interaction of Carleton with laboratories
“.“n? fires i the Ottava arcs s dosceribed as a "model™ while our progris oo

e P ined o h.‘s*sin;; unaga L'H) Iu;,h contomporary n*lov,mco.

Ve dntent to purcwe our propaced {ive-year plan for the graduate

Copreg e B Plectrienl Frcineering: ve holieove that our present orgmicsat ion

-

Cdate the too Gepartrents of Electronics and Materials }inginu-ring and

Pupivecring 1s the oost apprepriste and of feetive for our purposcs and

»

dntewd foorointody thia orvauizat fen,

Ve hove nioted the gepneral recowmaendation that ondy students s hoeoing

Chiphe previds e foropaodue Atr vork stioutd bo aecopted buto the Pho Do prograrmsg
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; ‘c;& Wb pldn to uxm iux thw'smdfi growth in rraduuto studcnt numberq
é - ﬁrnpOsod An the fxvonvvar y1nn,tun tuﬂw-that in thv conqultnnts viow Lhis
‘: grow&h is mndcﬂ’t., , hc s.h \11 a'llov‘ouz.s‘ lws Lo be respon‘;ive to t‘.he &
39;1]1,;-31 icm.s whid; Wl, rm nf\’c‘ anm \:«*1}*q1:&}if)('tf studom We expc-ct that

o our: STHWLh Wsll bv lfmilvﬂ tu:d ntturdT dnd non= pxceauive rate by thc 1init¢d
% o “'ava1iabf11§y of ?ond apﬂ}xcun{ .=”'“ﬁ_' E Hfgl_.f§ ‘ ';w‘_r 3';;;_ ,h;_‘ ”Jf;.f 
§- . we‘pgzlvvo gbn: 1ggjh ﬁn‘ ;hiv tu inernase Lhn qcnln.and cffci%iveu 88 :

of mw as SOC i’xtio'm thh 1.xbm“.z£m s .md h:ms .m thc Ott.iwa ai“ea and shall

. cmh‘*avmn io (ﬁ’ploit fnlﬁw sm h xn! 2 r.,; t inn«;“."_-" R R

ay

Tha rucammeudutinn xhxt,grtho ‘uuo he made of gfadunte cour es givon

;at thL Uniﬁ r:xay of ﬂttdWﬂ i accep(c&.‘ iho cs:ab]ishment ef a clcsc working

QroTatinu‘hf; ﬁth thu ani {Wﬁ'yﬁd1 p{rind hnﬂ' nde thc qhqring cf cnursﬁ‘v;-hff
":,.s»f_fd-c‘?.::jzn-g{»:'; ';md- f&it‘llf.-tli*:’: ;z»-mxmwl nut\ ::x:‘..:-» wh»ivh n:-‘ i-s -int:ended--t;&- m'.pln-x..te-
- Ve *’u oo yt; thc' n pott uf Lhu f{uxf’ "ccm‘ ultaut& witlmut re%otmtmm o
Wb ranrjﬁor tho 1th~ wwnt e hnv b;kn fxir?y and thorauyhiy dnne and _
bvixvve tht rhe roport ar a whale w;i} b nf cnn%idexnblo benefit to the’

‘ “_‘\Hual 1 wmusrnlp puthsiun in {h: ar o and {.,mada.,

3) Report of the ¥echauical Fueine e~rm§' (‘aw.ultnntn:

S Ko accopt the ACAP consitl t ang o rvport on I‘eehanmal (mxd Amnﬂmtxcal)

well reasoned document.,  The rbpnrt is thoruurh}y credible because of the

competence and mtormtnmﬂ stature of Hw consultiant team and the c'xcouent

e ‘ overviow they provide,

We accept the consoltauts ' arpoment (hat, because "the developing
L0 ket eould easily abisoarh dodde (he yvate of output (presently about

30 PhLD 's/year don Ontario) during the west five years" and because of the

}:.'sc-rim:‘f: smdoersupply of q\;-s}i{iéd cantidates, asuipned qn(!i.'t“ for the Ontario

,‘s\wun wonrld be m—'mxm'h L. _

| UL‘ apgiee that :th.‘t‘;ll e capeelty and quality exists within the

Co T dep ettt and that deciaiong about epocific reseiarch arean should be made
within the h;divh-’.g&:;.l v versai fees M “a.wn-y-t' -Hr.z‘ crit ic‘i:am ’Ut..l‘t‘ (txr-t’s;'siﬂf{s-
&-‘Hnrt s beva d'('K'“{:‘d to 'y r;niitimm‘ i chmnn'll :n#.-w of resecarch"

) ‘nnd that our efforty «honld cont inmwe te bv 1::-d¥rutmi Lowards resecarch mare

N pertfoent Lo the pract iee of Mechanical and A&*run‘!uticni i.n;zi.ne-eri:m. Ye

Cw

o ¥Pnedincering without reservation, m\ cous idm .it to bo a vdluab}c, auﬂmr;tatwc, .
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agree thut Lhe rnlev&nce af the rescarch work would be enhanced if Suppvtt

f;"_ 'wete ado more dopcndent on can:racts from high techﬁology 1ndustry and ‘ng j;
%i s approprxatv fod ral pn"”rnmcnt depqrtmans.-.-**~‘f o ‘ Ry
- . Ne inrond to pursuc our propo"ed 1iveﬁvcar plnn and strengthvn aur~f;3

rnntact uith iNdub(riﬂl and govcrﬁment labordtorics. We wil] exploru Lho
;~$£”_';pn Lhilit) nf aqtab}ishing an indusfrial researeh institute (nr an nfficv
ST e :nduwtr:nl lcsearch) Qinre these xﬁﬁtitn:es arc natgd as having a hiphly
- 'bcnefxczal of(oct on thc rpqearch-of theﬁﬁacqlty and gradvato studcnts.‘um‘ xfi;ﬁ ‘“

e LAY ’:‘ QAN TN EEN L S :,.;.\ ji R

i Wc appland Lhc rc&ommendaciaa that a gnad Ph D‘ prngramme sh«u?d -
g -pruvxdu hrcgdih By mOan% of w911 halanced courso work ‘and depth by means _uf~ff*‘J:_:

‘;a thonja invo}viun subﬂtantxal res;arch on ‘a specifih»and topical cng:nctzzn *
f -:_prohte ; Da:toral gradnatﬁs from snéh a balanced educational progfammv vxi}

ha ah!e tn nuve inte indu tty 1nd tsok}e prnblom qnlving nn ? braad frunt.;

Cw o

Wc hnpe that it will he clear frem the fcrcgoino Lhat we fiuﬂ thf T_E.Tf§ 

:~f1crnrzn ,cn"nily quito accoptable and can endarse nll their major cont Tusions

'fﬁjﬂnd rocnm.gndar;nns. Ye regard the vacific pnin:s on which we disagy e w;th
tho éhﬁx“lfdntﬂ to ba minor in comparison to the aggregate of the issuct o

wh el we .tg,n.c*..

“ 0 8, R. Love
\ - I‘(" x‘f‘fi‘, T 1‘3, 1973
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REFQRT ON DOCT@RAL PROGRAMS N MECHAN!CAL ENG tNEERtNG
\ o A AT ONTAR(O UNWERsme& "

. Genemi Cammenfs

; | We n%te thut thus cep@rr hcs uddresse.d :tself dtrectly fo twq mosx tm ,__qunt mnrters.
AR :hct of suppfy qnd demcnd of Ph. D 's'in Mechamc.d Eng;neersng, and that of the bosis
“ond direction of Ph.D . work in Mechanical Engmearmg which should perfem. However, _
- -the lack of spec;ﬂ; and .critical detail i in the review of ‘current. pragrcxms is dxsappomtmg.
- While the report found the “fwe-yeur programs genem!ly accepiable”, that is, the. ﬁwe" o
., yeor p}ans for. each institution, the lock of the analysis an.which such a review.is built~ |
~ meons there is no-hew averall guidence for the planning of . the: future of our programas ...
. part-of the’ ‘Onteric system.” It is true that the report-deals: with many. of the facefs.of = . -
.. Ph.D. Mec:homca! ‘Engineering studies in Ontario, and nimerous specific ;udgmenhs ore. que.
" However, from the information supplied-to. the consultants in.university submissions and . -
© undolbtedly gained through their visits, mich mare analysis would have been expected.
e m:ght well have then illumined and reinforced those ;udgmenfs

Ty el

: _"."_;_..sgec‘lfiic Ccmments

‘ Certoin inconsistencies arise in this report which we wish to note, since they illustrate
”}f_.'aur main criticism of ifs foilure to provide detailed evalustive judgments of each program
inits varying dimensions. The consultonts do pravide specific comments on the University
© of Ottowa ond on the Institute for Aerospace Studies ot the University of Toronto. Such
o specific comments might well have been expanded, perhaps in even greater depth, fo
" each institution in o manner that would have been equally helpful to those scheols in
rlanning *heir future development.

The <o lonts claim each program to be aeccuptable and via&féf{f{ecommendﬂticn 23,
o o yet they note (A-13) that eoch department had shorfcomings, programs lacked imogima-
- " tion, and needed reditection, Agcr?n (A=17 some reseorch is noted as being in a “more

dempartant ~q‘ contomporary area® ~ with the direct implication that a good deal is nat.
_ o saula Ctrie that o more thornugh visible anelvsis of strengths and wecknesses, ond of
v f@ ezt gt drarg :mpm tant reszarch, wauld bave greatly strengthenad theic general
R f“,_-}-"j'li-“j';gd::m;m,-. g i oen much guidance to each university. This same probleam arises with.
VI thuir gy cunn on theses, where (A= 10 the claim is madae that “mast theses were mdeﬂd
D repate on craditable doctaral work ™. Unless Ymastt means very close to 10075, there is
R Cwal radm for concern which seoms fo. cafl for 'iotﬂxfr*fij XpOsing . Th'e occcs:cma? o
o T Piaadeguate than (s (AL S ¢ antredicted by ‘A«12 "most otten th resisht s 1 thnsis o
a paper «ith it pormonent value and no enginearing sigaiticance. i the lattar i
trwe, then the need for the epecitic evidence and thorough onalysis is great indead,




- U'IL s.an':uf’anf; m‘:,ss the need mr breqdrh bmh in pht{mcphec terms dnd specafnc
Cors n.iuhve tar nu'ﬂnw Qf coursgs for doc torcxi students. {We endcrse heurtxiy the -
sucept of a. bwad p:agram and endeovor CDnSCtausly to meet it in pmchce ). Nqnetheless,
v gmsuimm 5p¢.<:tzbaI!; rqect fhe cancapf of: rmmmum wah!e size for.a group mvolved
b i Ph.Du workin *Acchanical Engmeermg. It oppears to us that some mm&nurﬁ sizeis T
quu‘ud to pruwde the breadth that ?hey advocate, for the core program area auggesfed ,
- liond =13}, Appmmmcte dut;.rmmohon and statement of this from the dccumentafmn e
mlcble m them wuu!d seem to ncve baen damnnded for remfarcmg cf Such au (mpmmnf \
opzman. J N .A TR ot e T .

¢

ST The comliants, wisely in our view, support strongly the need of crosseinkages

v fuch cross-dmt«eges\fs natvrelu?eci saie&y to. size 3 as implied- By -the consuhqn ts, but rgi\her
1> many other fucrers mc%udmg theexistence of high quality gradudte work. The latter .

' 5;- Paar g ar}:uirsnm. Th:s fepart memtons Orfawu, Queen S, Westem nnd Wmdsor as hew ng
' .,afm'}g rvlchons‘nps with: Cw:{ Engmeermg it could: we” ﬁave Eeen noted. that i in
cgradiatelwark ‘end research, working: (ehtmnshsps at McMaster, emst with Chem:mi
.5::;2.-;;5&;;-:;; o x‘H :h,c rncui Em_}u‘mz:ermg£ and also-in terms of an active soh i machcnic* »
TR a:«nﬁ:-—w Cv.n and M@chamctxi in ?&fﬂ"i of Fruitful extemc! ccmmcts, SmaH dc,pcrt- S
crents sre azain, emzhasized ~ but. McMcster {not speexﬂed as smaﬁ but we are pmbcb!y in -

berveen departmehts and among disci ptmes.» We hold the view, that the ease of es?abhshmg o

T3y 'ell e as inyzh the ¢ause of affective grass«ixnkages as the: resolt cF such o cfcsmed

:__.n~. . ..:-ec«n.'; w:. alsa hcd the same qutward—!ookmg wewpomf‘ in canwnctzcm mrﬁ o

Cwor 3t NRC, -arother universities, and very closely with local industiy. Here dgain,

. "‘-pre@amamm of dehmtwe detail ond some asserting of the precise indicators being used wmxtd
o tave uldad o clecrar picture.  We do not consider thet clear evidence has been presented
{1 fzvor one size of deportment over anothes relative to the establishment of produanw

’ f-: <*zrnal relationships.

+ The quesh:«n of assignment of specific 1vsearch weas to particulor departments is ngoin
3¢ inwhich the report leaves us somewhat uaclear., Recommendation 3 cleatly assert.
- tnot such assignment should be made within the university, and not by an outside agency.
* We ogree definitely with this os a general and sound philosophy. At the some time, we
' dézept just as definitely the idea thot voluntory assaciations such a3 CODE and COU will
sidin achieving o "reasonable degree of rationolization® {A=17, This might scem to be nt
}f::--vu witiv Recommendotion 3, but to us is the correct interpretation of tha strongth of
1 chmutative arrargement in the Provincial syitem of engineering education. Equally ot
» ,-}‘::?rw.- > is the aarning on Page A~13 that certain closely related efforts (in meml cutfing,
artaLt g 0ot sverlap but could easily do sg/ in the future, This appears to us to be
E eyl the cozin o having careful specific advice from those who have an overview of
| ot e pesreen s und the roason bor close institutional coordination. We consider _
L v yeaitability of 'n';‘wﬁevd kiyrwiedgeable advice, of periodic constmtion,
‘ e kowdmch.d voluatary effarts are alt anes that diaold aid i~ having
T i onalt, Theif decide on the miast produciive ond vzerul assignment of wrecitic

.; PetrCt areas . T camsultants were, as we understand it to give such direct goidan..
drd mdeice ootilareg myoim others for example, Pi!g«“ A*—)? intheir ap ;‘m__; x*r*tw-mh?}
T T A S P U I L SR §t“!e.' of it bas i L‘:'.*n M svaddied,
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. ,:‘“‘c. now Tum m U'm smportqwf ared thc we. cannot occepf fhe cansu!tcmts view -
s being.at.all conszstent with actuality - certamS; at. this. Unwersxty, The-consul tants...
List jA=14) eight areas, with numerous topics in each; in which they clasm "!mie of no,
resmrch effort. ?s ta be faund" . Resecxrch ar Mchsfer has gane on und is gemg pn m sm

. of thess” cute.g::nes, and- the mn;anty of aur gradume theses can be fisted in such 9‘°UP'"gs =

" In addition,-most of the. remainmg research topics that have resulted in-theses at this-
Universjty ¢an be- identified as- having strong currént reievance to industrial probfems.v
Also sjpnsmg, in this cdmmedly portmf {ist, is'the very small number of topics related
to design’and produc tign engineering whac‘.h they have lauded (A*-iS) und fo whtch fhey
have mquested mccecsed attentmn. B S S S A

Tht;'fccmuﬁunh hnve emphdsxzed a numbar cf exeeitem nofanons and cpnceprs wi rh
which-it is Edsy 10 ogrige most énfhusmshéoﬁyf . We do 50, of comé, in regard:to: thew
statements on design and on producfmn engingering (A=15), on which we: have expended

-much of ‘our effort for o ‘number of yeats, They alés draw defmhé aﬂenhm to the ”sfeep!e "

of excellence eomepr, wsing the Insfitute of Aemspcxce Sfuéms as o' fitting. e:mmp%e. ‘No_
foﬂo«-—hrou,,n of these concepfs, howéve?‘, is.given . ;'n terms of noting which Fields, groups,
and. ;lepartmems have gstqh tshed at ieast a smmg base fof such e steep!e, cnd hence

Sm_" Wms, _l:m.z:.i wn cdequate quahry mdl&;.'c(s}ors, wouid ugem huv& pmwdeci an aid. to _
p!cnmm, cm:i md,_eé -an md to future fmcncing We regref thr fh:s oppcrtumfy was iost

RS}

Re ;;-:me-t: ‘Rec-ﬁmms’nda tians -

L Azzsmmendation |, We agree with tha (ecemmendctmq thuf there should be no.

' '. cx;.n jned quotas for Fh.D.'s in mechanical engineering for the Ontario system as a whale

“for for the individual Ensfrtunans We concur with the consufmnfs' view of the short-

“camings of the CEMC report on dactorates in engineefing, and in their view of the projected
m.eds even though no documentation is provided for the latter, . The opinion that the

L cmmo!h ng factor i now and should continue to be the supply of entering candidates is

. 'agam ane that we do not dispute, While the consultants judge thot our system could

. wceept up to 300 doctoral students as compared to o projected total of 170-180 by 1978,

- they are of the opinion the number may well drop to 0. The tagical expressson of this

Cseermary pm on should hove twa mspects, in our view, and both are missing. Firstly, there
s complete amission of any qualitative judgement sbout the wisdom, seclity or capability

ofenzh deporimoent relative to its five-year progec‘?ens on enrolment. Secondly, thers is
'no indization of how a reduction, for example to X in the system, should be mat, We

re,gref. thase s—issions, os we do that of the opinions that might have been expressed

fogardTrg mattens such as desieble "crosi=flow™ of Canadian studunts (§L,e, doctoral stufies
Soin e diffarant Dotitutisn than undergraduste stadiesd,

CRecorrmandssia DL The corsadtane oore that the quality of cach ot the existing

Cooprogre - st the ool syoterr o oepinhle ) and inothelr view vioble, The conwultants -
CTebelng ke tedse aad gy deserecd Bigh repueation s such o judyment - and we can but

o Ceie #T 4y tF cp i temer et othe : Tt s Fery o Brges co
SPt ° ’ 4‘ o ":‘,f i f :ée-,.ﬁfc ‘ﬂ.”J oA Teo ) RS ey t:‘;&ﬂg} Q’;’:ka‘tt_‘.‘n-"«p i:’\“g-’.;lny [R1%} 3”"“:%:;;\;
¥ 1 - ? ! -
. und {‘h ”‘*ﬂ" Fep mbe it dostd Uit ceadired T o fztt-*'uf Gty 1f soch
R Pl ¢ e . P
“evalimtive o7 §:;:;5’ oo g e froesennty i, .

BEST COPY AVAILABLE
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Ree “ m:rm nJ.:nun .3 ‘ ..v ha»u mdu.utcz. earhm in uur responsc thaf we oqsee wnh -

umvvmm 5 rv,mmng the pa\wr of dvuuon in asmgmng spec;?sc research areas (mthe( fmm
outside agencivs), . We have indicated olsd that adequate decisions require os wide and-

wsiecmc t:ifcrmoﬁcn cmd e»vaiuuhon as can be ubmined n fhrs repon we are ieFt wnn .\.;f' .
el rhar ‘wan, spc ok, dncct!y ro Qur! condn:cn ond to. p:ovsde us- with gutdance '

Recmnanendatmn 4 CAs. mqufu* prewcmiy, we suppor? the pfmc:pie of ?hsf e

| wcommendcnon, and feel. thm in pmchce we meet the spmt of it; though our srudc,ntf

N

average. bc twaen 2 and 6 Fuu ceurses, mth a m:mmum of’ 4 mucses. B

we supperf ﬁ,oHy rhe cnncep} cf specmf rqfes, mc?udmg orgonfzcndnc! Framework for
mdw;dud{ umvusmes._ e o :

IR

Réc&ﬁiéﬁe_nﬁé tion 6 itjs pws;&le fur u§ “fo endorse t}us recammendofion, pmwded
it can beised in ccnfext . The correct context averall is at least the whole Faculty, | :f

not the wheie Unwersaty, and the gredter. degrees of fteedam associated with o farger

‘panl® makcs it easier to continue to adhere to high quality, competence and pctenna!

Wos criterig.for f‘ncuity oppmntmen.f - This particilar recommendation . the only one, "0 f D
.”.:\U*prssmf'?y,, bosed ona presentation of a.detaifed cmqusgs of dota pmvtded the: consa! mnss,
" and we tind thair anqiysrac usdul -summary of the. prebiems that can arise through non~. =

mform u,\pnmmn e T L L

Rec Qn*mcndahon ? Wa canssder thss area to be nne oumde the terms af referenm-* .

_f_"'i"e’ rhe consultants. Ve olso point out thot the "Ring of lron” was more specific three yurm
o Tagatwhen thiy proposed a greatur de~coupling of research from graduate work. This
datter vivment is not dealt with at all by the consulfants, it is to be noted thot the
- financing of universitics is being studied in Onfario by COU jointly with the Committes
NT-T R “nivarsify Affairs. The consultants also have full rights to be concerned obout and

o indead give suggestions os to financial needs in the greo of Ph.D. work mc!udmg resear: .
. Theif secommendation to stimulate the entrance of qualified students to doctoral progros
U ghrough selective use of schalarships (A= 23 gains our support, as would other means of

n -SU\ppntt of research activities. However their concept of sepcmtion of research from

ot :n.fnm; ts one we do dispute strongly. Tous, the research activity associated with

dectoral work is on inherent inseparable part of the total teaching-training process
Tiwis finul recommendation as part of recommendation 7 is therefore one that is unm.u;;mhiv,
and ¢t the very leost is o major, and wrong, over-simplification of a complex problem .,

Coeneral, SV concur with othet spec;ftc rec,:mmwndutwm not mdudud in *iw

e ol surmnary Hist, e agree that foreign students should be supported more stii -tf,
"'_"_"","_ ter hris o oid o developing nations; we agree that parr-ume study at the dog kol
;‘_:Tvu.i it R wely to be i:uxffui, at least in our ssrmtmn, we ogree that doc torul. Noxk tes
. desiem and y“ duction should be _couraged; e agree that research institutcs are o e 7ol
Cadiunct o faulty rescarch; nnd we ogroe thet fQCUHy mobitity shoubd be encouraged,
©opartivelasty “."4‘5'1 smhx«?t,f

..Q
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O #-;“Auﬂywu_xnow dutl@“dl ;tuuy innﬁqchdnic4¢:
St U Enpigeeritiy isof pevent oripgin cin- Ontdrxm. “The Qiepartment
of ‘Mechanical Enginecering ot the -dlniversity of Ottawa is no: -

' T exception., Ti initiated PL.D, utudies io 4+€waith five

e T students. Two of thene have abtained their dastorate ar

S s thyee arse complating their program,  Admission to the ..

';“"‘i_f' program wag discontinued in 19€9., During the pact four

R years we have srecruited new staff with established reputa-

Lo e tions as znvestzgatovb.‘ We are therefore || :ased that the

el .~ consultants have recoguiced that the resources and research
SRR caliber of the Department are more than adequate for a high

R qua’ ity Ph.D. program and have recommended that the propram

be rractivated.

-

e o - We value the consultante? pecommendation
W that: "Ph.D. graduvate work in mechanical engineering at

,;g the University of JOttawa ;bwuld e inteprated into u
multidiscipline effort in conjuncticn with the other
engineering deépartments of the faculty to preovide the

N ~vehicle for-a nondesipgnated graduate degree in engineering”

R (page A-25). We have, in fact, lLeen considering implemen-
T e tation of this concept for the pact year.and in this
R ronnec*isn draw vour attention to the comments we made in
[ cur .recent Prief to CLU,A, (pare. 22): "Plans for the
1éVe1¢pm8ﬂr of & nomuan PRV, program in Enedu®eefuy an
enpeasd to the gpecialized prepgrama given by the individual

“ERIC

PAruiText provided by enic [ .
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,quxnuerzn; departmentq hdve been held up by the ACAP-M‘"
Snaglugering adges snhuxtcz,ﬁx\ft@r‘tlnalv“ynﬂuplet51n1 wWe.
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PO 1 7ext provided by e [N

shall reopen the possibility of thisvdevelopnient in

Tvtpﬁlxzhr-ﬂf the ACAP-reéports™. We believe it. t0~be‘fohﬁiif5
*1zectzon‘+oward” which we, may progreﬁs in the near‘» o

U!‘(‘ ) - ) ‘,'~ B . o _‘ B P <y . o

-LA“«g*wf Gur 1mméﬁia?9 goal lS tb@ r@acfiVaYJOW :
SINE ﬁragfam, Ltheslong! r@“ﬁ .iﬁterdtI““ ~of
R ;,_':;M Hdnluﬁl Engxneerxnp Adnto d. mw,,;nj,myﬁga“
*,mu;vliuar-wuvqivm ALK fhfn follow.m;;nv~~\ '

"SinLa we ous1der it our ﬂuty to pruv1heff
1n - - bxlxngual environment, We were.
thulre&cnt (ﬁqf@ A-~18). tidtﬁl"?no o
_:uxu\”m;; It ?a. . *i‘m mandate K

' §r“¢’J-”yH ﬁ;““?iﬂnii thbrtun‘*v fur the French~spedk;pgf‘“‘”
-_r‘an's}:‘i} :, i)‘l)fglg‘i“‘ wh lknl T)Llf"ﬁ.u.t\‘“ om{‘. 5}0(} 0@‘3 peﬂpl@‘ “

wﬁn}y,hll1ug¢33 9ng;neergmp« cbool in- Gntar;ﬂ

‘Tknr%AESjn Sﬁaaﬁv.uumand and limdted "supply of hlllngual

coreannel with o a LIt competence iu mfdern enpxnearzng

cethnrliove  We bealivwe Ottawd zan develop. az the ceutre

Tooprewide cuch oan educaticnal experience. and would

i mend Culd encourapenent dn thie direction.™ (;taga. A-n’gS)
Yours cincorely,
;"‘T:—\ .

% Q‘-‘*wi T
Ro r Guindon, 0O.M.I.,
Rector.
. PR A {“fu‘ f;-‘ Teey
et .-:». A : ! I IR
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- Council of Ontarie anversxt;es B e : \

- 102 Bloor Street West S
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T QUEEN'S ONIveRsitY R
CUUTIL R OINGSTONCONTARIO LT T T e e
el ;.uom. uF uRADUﬂTE 5‘?;:0:55 AND Resaam.u' R )

Becenlber7. ]973 R

RPN 1 agologxze for not seﬂd;ng fbtward anythlng in cgnnecttcn B
“*f-w1th the planning assessment. on. mechanical engineering, -The.Head of - - -
' the-Mechanical Engineering Department told me that for the moment
.- Queen's .should be content to have its response as ‘general-support to
T the comments of the discipline group. I neglecged to report this and

o do ss oW

: I expect, however, that 8 ﬁnxverswty response or cumment
will be prepared on the ACAP report--probably at the time the group
of reports for the engingering disciplines have been examined.

Yours sincerely,

VAT
R. Mcilntosh

. Dean
RM/ mb
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Advxecrv Commxttee on’ ACadem
Founcil of Ontﬁrin anver:xtigq ~
-ial Rinor Street., qur %rd r}nqr* T
'anontq. ﬂntafxa, ST e
K q lﬂ* R

Planntnw;i

Heqr Hr ﬂreston, fﬂﬁ@ﬂﬂﬂ
Do Thc nn;vcrﬁxtv nf Thrnnxa aalcame& the phxlownnhxcal anﬁrnach e
©ta rlannine found im the report to ACAP hy the Mechanical Fagineering = ’

" Consultants, but reerets that the renort daes not provide evalyations ..

.- of:ithe. indxvzdnal provrams -within the Ontario system. The nbservatxons

.o cthey have made covering the whole province about  the quality of students,

.77 the level of training and the emnloyment prosnects for praduate students
J7oare.useful with reeard to the discinline as a whole, but the lack of
ismecific data and of evaluations of Departments and proerams lessens the

~value of the report.

R Nc supnort thcir comments on ndmissxans and future enrolment

‘ﬂ:n “echanical Enegineerine. It is evident from this study that, contrary

~ to the CFMC Report, there is no problem of a gross oversupply of Ph.D.s

i the discipline: in fact, there would seem to be g danger of under-
supply.

Mnfortunately the report contains no tables on enrolment which
wottld allow us to comment on the question of critical size. Without
. such data and given the absence also of qualitative evaluations of the
Clepartments, it is difficult to discuss adequately the claims they make
Cabout mipimum size. We would also have appreciated tables on decree
requirencnts, faculty research grants, outonut of Ph.b.s and other diata
‘on which the consultants must have hased their views. :

B P - Ke rccoqnxze the imbalance hetween the numbers of Lanadian and
o0t nf foreien students but see no immediate steps that can he taken to
- correct the imbalance, hevond encouracine more Canadian undereraduates
ta nursue their eradnate studies in this countrv.




of the cnnsulaantq (numhered as on ‘PO, A r”& - 45) R T
P
‘“V;Nhtle we weieome this’ eeneral evaiuatlnﬂ bf the\proqrams R

~would. have welcomed even more a-quality assessment of-. 1nd1v1dua1

~ "

5wn sunpnrt thxn recomnendatinn

The Foliowan comments are 1n respnn:e ta the recommundations

. i,,;,‘.

oo

*g_nrovrams e rgeret that we do not have more of the informatlop

and Lthe reaqnnxnn on: uhtch thev haqe these overall statements

- particularly in.lieht of the comments.made on pp. A 12-and. 13 .

cencerning the lack of engineerine relevance in many Ph.D.. theses

'ff;WG would. ash for'an exnansion of these comments. from the consnl- o

>3

.- tants with reference- partxcularlv to the -quantitative and - -
‘,-g;qualxtacxve nature nf thc{r ncpar:mental evaluation%.fmxi;_}.;;3fy.;

B AU

;7fw¢ sunpqrt thxs recemmendatxon thourh ayaxn drawzng attentxcn

‘‘‘‘‘‘

ﬂ he cansgdcr fhk% requxtawent xnadquate. We hekieve that there

~ooghoudd hetwo academtc vears.nf course: kork {8 courses): hevond
“the: haccalnureate ‘that  is‘one acadenic vear nF‘cOurqe wnrk

"o {4 enurses) bevnnd ‘the maﬁterﬁq deqrce.-; ¢3 ;

[ORu

-,he wxsh ta comment on- - the Stateﬁent that if the multquepartmentai;-'
Ottawn proeram soes ahead, "no new mechanxcal encxneerinq depart - -
ments oOr cnlareements of the present be required in the next Five

vears'. We believe that the comment on enlarpement should not
apply to individual depar:ments. Should some procrams be curtailed
by the universities, other departments should he free to expand
into the areas left open,

We find it difficult to follow the loeric of this recommendation
in the ligcht of statements made on pp. A 22 =« 23, The consul-
tants claim the present BIU weighting probably refleets the cost
of PR.D, proerams i{n enpincering. Given that they also see the
possibility of a shortfall in the future supply of Ph.D.s in
“fechanical Fneineerine, we do not see how reducine the RIU
weipehting would encourase departments to increase their enrol-
mentt numbers.  We are concerned also at what appears to be a
recomnendation for excessive dependence on industrial rescarch
funds, since fluctuations in this area could have harmful
effects on the stability of some prosrams., The question of the

- senaration of funds for teachine and research (p. 23) has been

discussed at lenrth in Ontario over the past two vears. Without
~are infarmation on how the consultants arrived at their vosition
an research fundine, and what exactly thev mean by it, we cannot
docent this recommen&qtion.

This set of recommendations seems to us to he exther 1nadoqunte1y

cooonsylered or rn;doQUﬂtclx nresentad.
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) A poznt concerninp the UTIAS research actxvxty shnnld be made.-
sort}v beForc the consultant’s assessment there were.two UTIAS: Facuxty
memhers whose work was re!ated to. metal!urgy and materials science.. m_u ~~wuu~
Roth maintained close relations: with: the Department. of Metallurgy and .-« 5. =
,ﬁatcrla}s Sgience, . in spste of the. -geopraphical sesaration, and with -

nn!y e stafF member in this area who maintains, contact with the LT
aterxals research “”“““*p ‘ 3I.V,,h;::w‘i5i‘; ;‘”w”_

%“TLJ':' - -«‘ A«a:n we must express our diqacreement with ACAP’s practice of ..
DI T:t 3 #ivine to each set. of consultants. copies of earlicr ACAP assessment - -
O 'reports -We hglieve mary of the\pitfhlls encountered by consultants as

a clcarer notxon oF the work oF prevxaus 9roup$* RN
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the Materials Research Centre.. Because of retirement there s at. present,f;;ﬁtggﬁi:li
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well as the shortcomlngs of : their Teports. could. be‘avozded if they had a¢& jA1}f¢; S
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J uis-{; tnent wltn the rgport of the Nechanlcal anlﬂ‘Efqu <0”—5;£;

I

?%?j;-'uxtdrt§. _¢h1b r‘po*t falls far short of provldan thg nec SoAry

?— '”crLL zl ﬁevzew af the gxaduace programmes in mechanxcal engxnnerinq
? . Fovince: M'"LM ﬁncessary lf the unxverbltxeﬂ;are te effec:};

. “‘Tﬁv
:Tbclow dnd albc mdkes a number of qeneral %tatemants whlch must b\: ” -;
;b“aklonq Thﬂro 1 only one spec:;xn qtgtement lﬁ the rnpnrf about

thu;é*avraﬂn “AL thg Ln1verszty oi Waterloo and thxs requx:es onLvﬁt"'z*ﬂ‘
‘”nrtv*"omment. ilndllY, we- state our yﬁsitlun on: the LVchl recoi- .
| ?vndatxbns whxgu tbu'cunsultants make.-¥7 T T L
S ':?:."._;"“l»_“' 1l C-'*zr'*e , _ . i
:{;_:Lfl"‘ o Oxr miijor complaint with this repcrt ig thh its xazlurg to

'wﬁﬁfﬁnre crxhxhal.» The cunsultants are reluctant to criticize dny
et of any 0t tho programmes in the province with the exception ot

-

CeFeelnversity of uétawé} They state that they find all of the
fLoyrosrames to be of agceptabln quality and of viable size, and yot in
cwteer poerts ot the report they indicate that they do not consider thac

i
&

eeeewstlo D eadl. Fhewieoint to o lack of imagination in the development of

o caiaie wLt Pl proavanmes . Thoy also say that while every programme has
e Lot repatho in some dred, there are also some waaknesses in all progracmes.

ronort would kave beon far nore heipful to the universities it the

Leparitoevta bad choers miYiaeg to ddomtify these strengths and weaknesses

- vl el aivaen sooe i%‘flsl&dglﬁn for their general conclusicon that all
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_ Tth report kat prvpnrvd bv a (nmmltteb of \?nate charged thh
~zne:4t1ng a. ic«pwvxe 10 the A(AP {unsultant<' report or degtoral <tud1vs 1n
Mvu!&nx;al inbxu cflng. e min L e e e e :m.a

v » Y

......

.W,?sfg;jf' Thzs rcport xq p&rhaph 4% rﬁmarkable fhx ahat xt doe% uat aa)

‘as for what 1t .says.. . A ;ﬂrefui Toeview 1&&&& to the. cowxiusxen that Jmany of

the_prgblq .S 1n\olxcd “in the wounting and maintc:in»o of Ph.fu probldmb figve bvcn“:
canaidgred %ame ofr thaae paintx are. worth> of. camment,:wl_;. R T I

s-;lhe C@n ul’ant’s cancxudc th <aa;§act0rai fragraﬂ~;n70\crv g“ | e
Earnment is essential™ RSN and that "group size has little effeit aﬂd PR

;7..--, suaacisxui Progransicanexdnt in ,mall‘wa 1Y as, 1argc departwfn{x"-‘ e
AT YL Ths Spesreron u{ph;sxscs tnw'x;eh ‘that an advanced gzadﬁqte progrom has o7

1mportant vousequences in, the production of. Ma. dynamlg underpraduate. LutrxguIwaw]“

cand acaageres and active dcuit}.' In effect it as the 3udg’mnnt of the apn%ultavts
S ’that these he miz:x mx‘:hm;,h t‘hc JJ ssidhm its‘es Hndt ~ui‘n‘{1m‘ : duf\xﬂp'm\"sm,gu
ﬂ._ﬁprngrdra.?‘~'j ‘ R T « : ‘

"?'G’} LT fﬂ relatnan to- the above'qtatement the cnnsultsnt< enungzatc e

pian Aura Phibe program whoch entails a Jimited numher - of “rather general gradnates -~
“vColirsds (1% years, A<16) comprising méchanies (including Kinomatics and vibratiens)y
u-;saizd mechanics (including elusticity and plasticaty) fluid mechanmics {inciudiag .
Sedtaeustics ) and transpert phoponenon {including conduction, coonvection, duffusicn.
. and radiatien) o a~1“ boand eschews "haghly specialised gradn&te coursvs' [(A~103,
Doobealding on this bread base they supgest a good Pholl study in M mission-orivnted

tescarch' is a tfundamental study of busic processes and principles --- with un

ccapplication of the results to real industrial enginecring problems” (A-13).
© SRS swedel is oone which the local mechanical engincers completely Juppcrt and
sech to inplement. \

(s} We note with concern the preponderance of non- -Canadians engaged in

mechanical engineering studies (A- 6. The suggestion that such students should

be supported by CIPA is not new ner is it likely that CIDA would support stulent:

coin the pumbhers presently involved., The projected shortages of mechanical eng zncerxng
v iGdales el may resalt fros siiemed imnigration regulotions wight woit bo off-
set by # schelarship Program (A~ 23) aimed at Canadian students. We have commented

tn otnoer ACAR responses on this posdibility of increasing Canadian particiratieon

Cam graduate studien,

(4) - The consultants mabe a plea that “the voice of irdustry should be

“heard —oio oftep in discussions of the training of engineers at the graduate
Coodevel A 23 ). the regular use in the epgineering school at Western of
coIndustrial Consultants (e.g. from ALk.C.L., NJR.C. and industry) in all progriams

oo has strenptiioned these prografns and has increased the emplovability of the

Cproducts. dhas aetwvity has ocen faciliated by the establiskrent of an td\i* ory ..

(ﬁuﬂxli rooted in the major engineering industrics of the country,
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.- .(8) iFinally we'would like 'to comment ofi ‘the ‘word "unique” in " @ &~ "0
-~ Yecommendation 5 (A-25)... This University, since the initiation of its program, -
has produced 20 Fh.D. graduates '(six per year for the last three years).in. = Ny
.~ Engincering Scienle hotr designated as !"Mechsnical" or as any of. the -other traditional
: -specialties, - We have ‘evidence that: such products are readily employable and usefgl’
- . wmembers of the profession not restricted in outldok by rigid storeotypes and capable
777 oF attacking interdisciplinary problems.  Accordingly, we encourage Ottawa to follow
| “in our. footsteps but we would not accept:the notion that recommendation 5. is in any. .-

§  way a unique proposal. . oLl | N
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e kes>nvsu of ;h\.{nx.eruzt} ‘of Westein Urtario o thp~*fV' ” e
N Adv;»o:v Lc“mxt* e oh Acaddimic Plannxng hzth rvquat to
o the lnvxnuvrxﬂg upaclait\ \sbcﬁﬂﬁedpﬁ {1973) . Fowan
: . S - e e -fﬁﬁﬁbﬁémbs?‘fﬁ;flﬁiﬁ.
o S Appxox;nﬂtulv xiij )xhrs acu (1?54) on thc ruao ﬂend411nn ot thg iatalf>
D of Arts adnk Scicnce. ru\.»kUth nf the hnxtér ity Of festern Quraria, cstablx hod
- hepartnﬂnt of_ing}nsei1rh ‘Scicnse,  Thig’ Hcﬁs“tm;nt unéer;oek to g@;bér the f?»hlty

e

- mecegsary to establish an zqd perdcnt Lauult} oL Ln&xQUgrxng Scienct and Facuy tV"
status uas;graﬂtcd 19, thls aroup in A8eO The! beglnnlng of fornatl graﬁuate STudy 5
. was the c"‘crznb of an u:ﬁ.:r..pzefﬂxﬁ~hzxah received. Llu'¢wproval of - the: Faguliv. "";
‘4 of G"’jnﬁt» BEGUTs NGt S nate T in THET T e, f*r~ candidates” £ '9re ddwiftcﬁ *ﬂ by
Septerbor: 1un2 and” by 3 SEIE S thL nu;hnr ot w.L.ag. C‘Quldatﬂi h’d Ti5en. to: ;&..; f' e
In Oxtober J964 thie Facubey: of Brauuagg htudxv anpra\od ‘the ewta N?l#hnuﬂi thd &b._j,;“
program. Jn.Lngznccr‘vg buicngﬁnxnd the Senate: quppnrtxd this detion: o ¥anu*rv 20, 1004..
“From the wutset an effort was made. TS, L:n% ;sise the 1nterd1~c1p}zﬁar\ naiuxg af the o
proprastiand. 5133uxt;.ng*n*nb WS foDrCu in.a-limited nusher of arecas which 4{ fL‘ R
time 1u~1u.96 Themicol and Padchonieal wnrinearig;, soil. reeh&nlcx,‘sr‘u\tur* L

l

enginceriag a‘l ghgrro&;ngmxg Szn&c its zhaupr1on the Pho B pzaprsm h“d_p;m“h~§dﬁ~ic
Ta nunbvr ot muddvxc Co IR o EE :
""J”IBGQ‘JTT I T S
1w7g - 1
BT 1971 - 6
SRS ‘ 1972 - 6
e 1973 - o
'*?? SR In 1973- 74 thcrc were eﬂrollcd in the Ph.b. progrem J9 [ull-tipes Stinden -

amd b part-time stelents, Al of these studenis have receivad or are envolled in
prugrﬁhs leading to a Fh.U. in Engincering Science and nome of them has received

a defres desigrated as serving one of the traditional specialties of engincering
(t £ chcmxcmb, mechanical, cte.).

e The “R:ng nf }xan” pubithcd in iQxO arong other thzngs recommended
wﬁgf.ihat'the Faculty of Engincering Science drop the "Science™ from its name (Ring of Lion,
Cop. 77}, The Faculty, after eonsidoring this matter, elected to retsain this mame as
;t did x&; interdisciplinary programs., The "Ring of Iron” did recognise the inter-
ﬁi$&1§ insry nature of the prozrams by recommending that Western “concentrate! on
eavironsental enpineering which was achnewledged at that tice to be a foretaste of b
future. At that asses x”qnh it was alse noted that “Wesiorn has gained distinction vith
fly werb o snductraal acvrodynaniaes, oluctrostitics umnd biﬂuh;:ﬁﬁtflﬂ& voLking ot dton,

?._*&l

¥ . Y e
E!C’ CCUEL AT R ATIOTAN

—_—

JO
1

R As a conneaurnce of dissatisfaction with the stringency of PhuD. recoeminn:
Coatieus iu the “Hing of Iren' on oadopted by the favuvii of Ontario Universitien, the
- Loupetlof Ueant ef-Pnewnioriad bas soupht a reascessaent of the PalDo preciaman
Ouiss o Trgancoring Seruots. Inis tash was nnxalttigh under the oegis of the
advicory omittee on Acaccae Flanning and sovething whieh Pas Lown ervennust,

SO temvied i Vwdnt-apprtessal’ hes been purtoracd. |
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pivd "noise and viﬁratioﬁ"‘Ss é ficld of stu&y which would fe@ﬁirs
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Cot g adjunct prefessor.  The result-of this rapid-response to a noeed
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trom Canada m«f Hw If.n
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Uihie norwaml sechunical engineering PhoD o program should contain 14

vears of a broad selection of courses beyond the Baccalaurcate”
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 eraduate wark in mechanical engiuvering.ac ﬁcﬂaster nver~tho Iast

decade, and we will continue ro stress such an orientation,

e are equtlly pleased to note the strong supporl piven te us

throuph a mast posftive qualitative evaluation of our current rexearch

etforts amd sraduate degree programs in engioeering desipn and in

smanufacturing {production) cppincerinp. e intend to continue strenely
with our eEforts for sood inter-departmental and inter-Facultv partici-
jmilion in this latter mrogram atong with ¢lose callaboration with

industry and other universities. A minor point ef correction to notc

Cisothat our Advisory Goard has wide Jdodustrelal representation fron

imrario and fuebee, not fnst the Hamilton darea.
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Prdavdure far Mechanical Eﬂgineering Bactnral Planning Asééééméigfﬁﬁﬁijfff=‘
| conducted by ACA? in cn~operation with CODE |
'"f?}}f 33;£f;{; 1972-73 h@l}}7gfofgfﬂ{f;;j,r;@im'”'””
A. Tasks Reqnested frem Discipline-ﬁ:aup (with help availahle from ACAP at all
scages) :

ALl Meet wi&h sepresentaaives of ACAP and CODE and discuss the specialty fields
- massi ned. to this«asseQSﬂent. An. initial meecing Qf the five engineering

discipline groups may, prove desirable,” The field ‘allocations may be alter'd :f;f:

: by ACAP~as a. result ﬂf these discussions and CODE ccmmcn:._“:;;,;;ﬂv“ o
| .A;é, fSugges: a. panel ef suitable cansul:ants from wbich ACAP may chaose, ACAP
' _Uwill refer the list to CQBE for comment befare acting.“ S ‘

4§.3}f52xamine an& camnent en pra formae to he used fcr the gathering ef infarmation;ii;?i-

e fnn Current, pasc and future programmes aé destribed in parakraph B 1.__. X

‘fthﬁg;TExsmine and cumment to ACAF on ahe adequaey ef the data cnllected on -

7 reliability.

'”_jjggs;ﬂhﬁoth-in consultation with ACAPF/CODE representatives and separstely, consider

~.. the situaticon revealed by the tabulation of proposed future programmes and
- consider whether future plans sbould be modified or developed in more
- detail. As a result of this step, individual universities may wish to

- revise the material described in B.1.d below.

yi‘ﬂ:é;--Possibly develop a tentative plan for.dévelapment of established or név‘

”"ﬂj“ff~in‘ doctoral work in Ontario paying attention to adequate coverage of fields

and specialtifes. Any such plans will be reported to ACAP vhich will
transmit them to the consultants and to CODE.

" A,7. Yor this assessment, the discipline group shall consist of a member of
~ pach of the Departments of Mechanical Engineering, that member being the
chairman unless the chairman delegates this responsibility to a colleague
on a permanent basis.

© ByooInforsaticn frem Universities

lﬁif”s;i" Fach wniversity is acked fo supply to ACAP, in the form indicated by

ACAP after corment by CODE and by the discipline group (paragraph A.3.)},

.‘f
S e - R Nea
. F3 . .

L current and psst strength. CODE will also be asked to comment on the data ..
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' ) fpr each specialty figld de:ermined 1n A 1‘ M.‘;,'fﬁTff”"

(i) .currenb Itst of faculty members showing fraction of reSearrh _ i
and: graduate instruction time. devoted to the field (for part- .
time pzofessors show rhe time spent on university dut1ES)

SRy pumhers af: full—time and part—:ime tacuity mcmhers for each SR
e 'Qf the.past five yeats. o N e
’"Vf{iiii_ for the: cur:ent ‘year and: preceding five years, number OF

= UL 1y master's ‘and- (2. Ph.n.‘candidates and {3) post~d0cteral L

s -~-f"': ,.”ffw}'nfe110W5 dﬁiﬂg r65¢arch in the field full dnd part—time B

P L - «],shcwn scparatcly.ww R A e

, gWUnder:tthn three hgadings ane indxvidual may appea: undhr umre thaa oﬁé ”f?“ﬁ’
:[cﬁtQSOrY*’f'fq”?' ‘ - . : s S

. ;j_far’each 'degatﬁmenr which offers doctoral work i“ thﬂ fields Qf ¢‘1Efﬁ fh*;
s this aswessment - ;,“F o cT L ‘ o

i | fii) Curricula Vitarum of each faculcy member (Asszstant Ptofe%sers AT

3}T.§jf‘;j.f:j $'ané higberl shawing incer alia ccmpleag puhlicatxou lisca, j;;;ﬁ';wan:

o ‘rescarch funding im the past five vears, and graddate qtedencw T
L .. ... and post-docteral fellaws supervi&ed daring h;s cateer, and

‘ fﬁg”** specializa:ion.

n7-g~ﬂf;% - {11y resaurces of qpace - a statem@nc indxcatxng the &epartment &
Sl view of the adequacy of its space, and, in connection with
Coen e the future plans in (d) below, discussing future space
provision;

(iii) number of Bachelor: gréduates in -mechanical eﬁgineerihg and
number of qualifying or make-up students:each year for the
last five vears;

(iv) other genetal items relevant to research and graduate study,
a) major laboratorics and equipment, over §5,000
b} computing facilitiess

(v) support from relatad departmeﬂts inciudxn; shared teaching and
research;

{(vi) description of any inter-university arrangements for graduate
work.,

¢} table of characteristics of graduate students in the department in
previous five vears, %eparatclx for Maqter S and Ph D.,‘brcaking —
down numbers by: : L

S (1) Full-time and Part-time; |
- ‘ ({1) 1mmigratlnn etaau5 (3 YL&IE) and (ﬁuntry nf firqt dtbreo‘
e (11) sources of financial supports

(iv) Ctime t:o reach degree;
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Apa¥t fhem the mitT il delertbed dn Ko 1L0) and to some oktent gencrated st
vmthv dt?iftntii Jevel, wach inter asted university will be requested. to maka

Cosndndividual stateowntoon its plans for the development of doctoral. .
Coowork ip tH&%v fiolds of envineerdng, in particular the items of future
i e bl @AL Lnp il LY Llem BLdold.
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Consider the twae special da‘unenta related to the coovdinution of the assess-
ments in ¥npinecriog, viz, hnginuering Ph.D. Plauning and Assessmunt Procedures,
Statement on Ph.ie Studies in Fopineering Studies in Ontarto, and the material
preparcd by the discipline group and the universities and obtain other data they
miy regquire to carry out the tasks detailed below. They shall be provided with
copivs ot "Ring of Iron", the COU statement thercon, and the CODE, OCGS and

APEQ responses, They may obtain data and views {rom any relevant source, such
as, for ecwumple, emplovers of holders of graduate deprees, profuessienal and
learned socteties, federal agencies. The campus ofreach interested university
#hall be visited bv ar least two consultants. Consaltants shall arrange thelr
schedule of visits to the universities in consultation with ACAP to ensure
unifermity. Reports of appraisal cemsnitants dare privilteged documents and are
et to be made available to ACAY consaitants, Consultants shall meet with the
discipline group ncar the beginning of the work, during the work as theyv consider
nerosLary, and immuediately before preparing their final report,

C Repart on the .ni« ‘L‘“‘\’ of the ¢ presaent state of doe toral work {u "mechaondcal

engineering’ in the province “in FUHLYAI and In eciach oniver sity whore applicable,
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AL CDVEr e of flﬁldh Jnd fpﬁcialciéﬁ. and extent of activity in cach

I. ACUELY mnzit\' SN qum:itv

o nsiura of ;xm{n“wn uth nd

ia 'd. curalva“ sioe and distributtmn smongst universities and divisions
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n;duxus autlszﬁ an Lliis dugunen& whieh iS referrgd tc in sectzon Li ot
_ thh Terms n: Fe!erencL fﬁr the Consultants.,le;- S -

:.All'“do 4rtrnr- ai- arh }ﬁgineerin& Faculty sHall prvvar a s:atemnnt~»

PN

ﬁssessment Procedures :] e A"‘«"zﬂtkv '

_“ji Goordinating Task Force Sep:embex 25 197”

S

The dogtnrzl Q%%ussmcntq in Enginevr;ng arf hn3ngﬁc0ndvgted Q& 8 ?Toupl~j3;"'[
To that end’ there has ‘heen est1blishaé a Coordinmating. Task Faree to :
.c@crdznate th candngt ai the assessdents - in=accordaaCe Wlﬁh ‘The. grnce~sgsw

p:ehon&xq; Lhuir Lurrunt dﬁd pra, ,vd Ph.D. ae:nviczes inclvaxngx R

(a) ar&as uf rcsxarch and etud) .
b)) educaeional ;@alw and stvle j7“’%~” e e SR
(c)“’nnrnlwenh ranpes prajcr:ed to five vanrs, and a(hcrlito
as defined in scetion B of the approved "Procedure™,
including the basie AC&P quantitarive data shcnta as wad}-
fied for the englncering asséssments.

= The guamtitative data sheets, to be submitted to ACAP by Nsvcﬁbcr.1, }Q?E,

_ Cand the "Dive-vear plaas", due by the end of Januavry 1973, will then be
wodistributed by ACAP to the discipline groups {or consideration and planning

5.

action by the individual institutions and by the discipline proups.
Copiles will be made available to the members of CODE.

Departrents are encourayod to discuss thefy preliminary plans with the

cappropriate discipline group prier to formal submission in Januuary and

the discipline groups chould be getive in their planning {unction
throughiont this period.

Fach Discipline Croup vill be charged to prepare from the stafements
report on MLl activities and plans in thediy discipline arca, neting
Both apparest coaflicts and gaps in both areas of specialication auvd
enralmonts, Neports will be distributed as above, by the end of
Fuistuaty 47 3

Pach Univeroits o may medify the above statements in the light of the

above and in cenzultavion with the Discipline Groups and other Univeprsiti. o
as appropriste,  Suhecquently the Discipline Groups will finalize thoir
reports, vhich are duc to ACAI by April 15, 1973, | -

These statements and repertys, along with the regular ACAP assesoment Jdara
(Lo be prepared durin o the abowe process, perhaps with CODE Ydata bank”

“collaboration) shall torn the data buse for the assessment teams.  Failor

to meot deadlines will not be allowed to delay proceedinga.
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of («o"_ and the cuy “‘xiti:;{:}~:~:m]l Leprovided with o gotteral "statesont, g
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The Caardinating Takk Force will FQVKEW‘thE detailcé terms @f réfnrpn:e fl;ﬁ{hffi
to be givied to the comsultint tcama, partxculariy in;the e&ucatxenal ‘
professional areas, . Thxb is scimduled £cr ccmplet ion by SLptemhf‘r 3()
1972.::x,;j{: u:5 ,: ;

Upon cmwpletinn at (-e) ahovoq the Caardimitiﬁs‘ Taf:h Fnrru <'hal fci*on::'zend
to, CQJ% aud: ACAF hi‘thu roarvasin Engthee fing nat’ dmr}.y facluded within - o
the fi\’t, ‘major, dxsmplmenan.xv shall be mcluéed within the total of e

engim‘crxm, actdvity without’ Lturther rw.u.w, Qar- lﬂchidg‘d Wi thm ape or? P
more ‘'of the major dmc:plmn studzes, or be aub;egt to a. s“.ail_npcmsl T
assesmmnc prnces_u : : : S SREE R

CON,, thh aasmt.xmm fram ’C'C*U;and uﬂzlimm‘ out%sd« P‘(p&fti‘»‘%' as needed,
shall zr:phmena a special study of -the eny &neering manpewerisituastion at
the Ph .. level, 1in~ at udy hilé'dld booauailable. for ccansidoration by o

A(,Ai’” tim Dzm.ipl C:nup and the. cenx UI{J“‘E‘{:« prmr to Lho draftm cf
“ 'hpﬂn‘.c"‘. " Repogtsion the progrn.

ord"m.t.).ng_fsh% }nrvo;: :h\

FR ' K R -~ R R S R K . N = CoNe

Ihz thmii as sow~ﬁtnt Jnd con ultatsyg ylurtﬁ: shill commence: on Lvmplo{xon

RN

docunenits, . This statesiont whi mh hns been” Prc‘p*zrcd by the fnm‘d;nltlrﬁ"
. Task’ i‘nr"«* uﬂd i&, referred to in qectmn ti of the ivr-xs of Refe ‘Tenee fm

'5 the consultdnes is intended 1o dr.w attention te sone foatares of the

Ph P. in }.L,:zm‘r'M vhich the Tagk. Force considers diztincetive enensh to
mr:rxt particular consid ST ation h-- tbo wn.nizlmta. Paucsationtf, prores—

“‘:.\:._.T‘_..sienzs, and reseisch concerns will be e phasizeds Briclings and dis-
._C.LXSS;'US'L_;- '-h".i,t.nl .t(.a'na .u-u‘ fut rx} : lw}!rln\t&_‘ ' h“ g I;‘l XH'L‘ iri {“V‘ ‘\.’X}l f'(""‘”j —"‘ 2

othe {irst stage of hiis procers, - These discusgions are expoctod ta.

occur about one netth pricr te the fivat cisits and the visits Chenselves

‘wiI.I be ¢oncentrated in ::iw wanth of May oand June.

9.

10.

“JERIC'

“The dralt

‘ﬂw ne “t «»t.:.v consista af coneider 1"&:*&1 of the :svnh‘ 1&* “&tcxml h“ T hi

ceonsultanis, Usiveraity visity, meetines vith the Piseipline Group, and
the projparation of 4 draft report by Septosex 1, 1974,

veparte will e ndde available te the Encinceringe Peans and to
the Diccipline Growps to provide for fnitial feedbacl to the consusltants,
There will boe oral veocron.o rrem the D ipline Groups to the consultanta,
Folltor o ol 1y gunovitoore will sty their §fintd Toperts which will
be followed By eriidiiad K o the above proups and finst iy by
gonsid roation py ity (The wbeve ds intended to mole clear thit witlile
Foeodho. i footine oy Gutn treve the Bloespline Grovps {4 desivesd omd
eXproted, Che -d1a6s zx}wz*.‘. Aonre et L be distributed forcopen digcunsfens

i
EEIRY

CoWithin departeenis,)

By,
o cap”""fu&),

PAruiText provided by enic [P

T
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. ‘ “ntariu Lﬁ&mvil ﬂn Crdduatﬁ’ l‘udi&% e .
Tl e e e By-—Law Nn P e U

i

A By~idw Ty cﬁ(ﬂbliﬁh J anmitcev un :he Academie Planning of Graduane Studieq.,ffff»‘

- H “ - - * -

!i.‘ The ﬂntaria Lnun;il on braduate ﬁtudieq'

L, .." . R TR - o A',‘. DU S T,

B th.

~recaguiging the importance of prﬁviding

for. the’goncinued and qrderly development of graduate studies in che Ontaria o

o

é* univorQitieQ,\e&tahlisheb 455tandtng tummittee td h; knuwn 15 tha A&visory

n-R‘

,ionmnﬁtgeioﬁ Asndcmtc Planning (abhreviation . AQAP) BT

RO Wt e Coo T e oW

Inte rpretatiaﬂ‘ Z;J‘ ﬁ;f¢;¥”} : 1“ f*lf:f;;:fﬁfj';ﬁiif{;ﬂfgﬁ;f;§¥f~35'**’“

2. In thiq By I.:m, R T

) vi‘Aaddéﬁgg Pgdnﬁing4f-vv A

. ' ib§J3“Lmungii“ or ncﬁs means the snrdric Lﬁuncil on. Graduate ifgaie;:_fj,jh__T_jfT,
i;g@yé‘”"ﬁﬁmmfttﬁd uf'Presideats““nr CPUDTmexﬂS‘fhé Ca%mifteafnf ?fésf&éﬁt§ df?””““””ﬁ
. - ;":-UniVér$iL1e§ ;f éﬁtafféﬁ

. ”“?{?S "imivarsitv” mééné a ﬁruvinciéllv assisted uﬁiversitg‘in Gﬁtariu:

ST ey Mdiscipline” means any branch or combinatfon of hranches of Icarning so

. . degsignated;
i Ny “discipline gromp' means n body designated as such by the Committee of

AT Presidents of the Universities of Ontario, and norwally consisting, for
iy oune discipline, of ome repruﬂeﬁﬂt;itiﬁ* f rom each of thc'; interested

AR mriversitioes:

(¢} "planning ascossment” means o formal review of current and prodected

sradaite programmes withrn o diseipline or a growp of disciplines:

Tprogramee’ signifies all aspeers of oo particolar gradeate mdettoking

PR 2 )

rat fonalicanian® means the arranging of wradiote programacs inordier 1o

tver b undeci b e dapileat o, ebiminare wiaste, and enbance aod cusraia

.
el g,

i;:W15 j»
SERICT .-
;e

(3)""Fummxctee"withuutffurth;r ﬁpeuificatinn, means ghe Advisoyv Fﬁmmittee‘on e



"&*mhe rs h i p

3. '(a)

LY

(b Th

[}{u:

. rllmrm«unmn -

'.ﬁ.w- -&?izmi'tf!:éé shial 1

Ln Qntariw universities,kbome of whem bhall he
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onsist of at 1;39: sean membtrs nf tho prnfesqoriate‘"

-'r\“\ .‘« \..

EE TN

embera of the Counci.

- LN

e memhers-q{ the‘Cumm}t;eefshall_serV¢ fgr‘such per;eﬁg;nf;timﬁ,as {&vf»

: '-:xcéaﬁértfméyxﬁsiérﬁi%é;;Jaé‘fsay“;hési~sakééia¢a¢ufxﬁ”sﬁes:ﬁa;ﬁét?;éwasxﬁgn,r?
| Iigf;§{é;;f§r ;vahon55£;‘ba;an§e bnth of g;ddemii“dlsLiplines gdd éf
'0néﬁvéfér :
B >
ity o aiT et O -ih-Gom e WoatE congt e oo
&"ihe funegiong of the committee shall be
: {t‘ e adwies D008 on ﬂt‘;vp‘a tn b !.‘ikf*n to i‘mph‘ﬂ‘rm"nt ‘of‘fcc‘t”i w;”prn‘\rin‘t‘.'in}l
AT o
‘i, shannine of praduate development s
;i LY D prdoate the ratfomadization of gradaate stodies within the nniversities,
M in o caoeperation with the discipiioe groaups;
S e Y Ho secemneand, through QOGS to OPFO the caryyiup out of phm;n‘ngz .x:‘n:v:;s«;nn-m:f;
1"' 1 Qéxcipiingq Ay groups o disciplines and to recommend suitable Arrthgements
"(-.,-,.f' R lf"i‘ﬂ:tf«'r-‘ .“,'r RO? ansdnsment ]
Py enaper e the conduet of each planoniog aosessament approved by 1078
{‘ :‘Q 16 s h‘t-‘ fo- beguest s }\KL-H'YIU t o h:f\fe*- 1 c_?-fsvi‘@.ﬂinv- -.‘i.\.iit.‘:'-#.‘iim“lt(- (-'lu‘sd*’nzu"d-
A S pr#pufiﬁ{ fnif&%}y ATTanRenenr g
B x';‘“: ! i ot TP the reparts ot f'hr: c;e«:s‘:k;sﬂnv.'.rnt.‘: ign;.mrhur‘ x-:fﬁ; any
" : *‘v‘"ﬁ_wLf";ﬂ}i““ij'if irine, \#i;'ik‘é; fire copmit e wiashes tey mitke . AT foedre ropa b
STIVER BTN OO ‘«,L:;,H, to Cowmetl,
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} 7. In u#dx:'tﬂtt.;hv‘¢n§§détvvégsv ﬁl;&sdrgv‘tﬁe:fun;tinég de;;ribed iﬁ \eetion Q
3 -,fbe\u:.hli ;lnill I;Q ,iﬁtku\;;};Qi_‘7“:.;Q”;;fh*if?i;¥}1;:;. 2 . ‘ ‘
,{#FT.té r;qu;hfkg.ﬁﬁfvvrxitv'£n P%QVidQ.QULh Infﬁrmafing pertainfnghtnh;;éégégbffflL
(h ,:}‘ regugal 4 dlﬁkipliﬂﬂ‘ fg;; cﬁ'gf;VIdg.sueh information as'may @nagle“i;kléii(
& o tfuwiAQ;w};ee ﬁﬂ dis:hﬂr?v ita %ﬁn&tian%:'T;1if y":g"i; :;:j:f"1£; !f;“gff“
(Q;;;;n're;bfxe“'ﬂﬁﬂrgg from the uﬁxvergities and fFUm'Ehe di&cipline bféups,’ h
) Jrnupézgcngérﬁing quch reports,. 751*"?i. : *3; - &
(d} :l';nn§;nc i meéting Qt any-dia;iplﬁﬁt graup for ghe purpé%n af discuqqiﬁg
Mmifufﬁfﬂ ﬁe de&clnpmynt ta &ate, Jnd pr@pn‘dl for thc Euture develnpment %l_fljfé- -
_ ;;aﬁu;tc‘saédic; in ahe dxscipline conoerﬁedg . N
; Grfgf _fs q#n& nne.nr‘moré represéntatives to a méétingbéf a diéciﬁiihe géau§
s N ‘ ‘
: _' At the ivitation of the discipline group;
‘ '5;k$im :S‘mkké‘surh”aﬁggésffuns‘té é discipline gfoup aé‘méﬁ be‘dééme& ébﬁf&?ridhé‘
’ ~ te the fnnrtinﬁs af the Cnmmittee;
{-{jj-ig} 1 *npvrviﬁé the conduct of planning assessments, and to report thereon
Li to the Committee of Prvsidungs of Universities of Ontario;
| iy eenerally te report and ro make recommendations to the Council:
fi t1) to seok and receive advice trom aépfupffate experts;
:”.‘: f;}‘)‘ Lor vnploy v-'s'wmlt;mtﬁ;‘ in conneceion with planning assqsémc{nts;
Trecodin e
H | S M'n edure be -tl‘:.*liuww‘. .bf,: “the Committee ,&:h;ﬂ I-.hc.’- as '.'u}prb\.fér;{ hiv rin
._,!-""fi’.‘.'i.'.iat '.'\f F‘rfn-'frfvf':?.,-\ ot !;:-_r,f‘ I:ﬂi*ft{l'.‘};&lﬁtf..‘() 0 f (}n.t:.n;i_.n.
’ S remaa it es et font fa ko b b Cadeiere,
I EEERE S5 I A N BN T - i ; - ’ -
| U P T wial U take ot toet January 1971,

“ERIC .:
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S, hhnu 1{ ih gunwidered dvmirghle o J&LXVJEQ pldnn1n5 of grdduate uark in some
: ~diﬁ‘ipllne(s) or, 1nterdisvxplinary area,’ GO, on the advire of 0(&“ will ,
sthurize the est dblishment‘uf an AFAP diqcipl{ne gruup, if it Was ot dlready
‘JPPFQVEd and: included “ig- the May, 1968 Iiat._ If it is alreadv authurized -
'ALAE mtv de<ide ta set it up Jb describéd 1n pafagraph h.w'" e

b, ;TWu E\vcutlve Vige~thdxnwan nﬂ-A&AP wiil then xnvite the exg‘utxve head nf va;h L
T dniversicy. (sngludlng Nacerlco Lutheran Nniversity) either to nominate 'a member - ...

¢y the discip?ine grmup oF” to’ indirate that’ hig uniﬁéféity hds na plans far: A

«graduane”atudv A this éihCipIiﬂ& jn\:he next fiwa yedrs. oy, sol I a uﬁiuvrqxtv i;-'

Lalt sEate no 1&3; for. future graduate woxk it the subject but, ﬁeels that ’
 ‘wAtch1nb hrd ~'h dgsirnhleg ALﬂmdy appuin; dn db:&KVLY tu Lhe gruup. e

C. '*yhangoktuixd HnTVLKthV ?'roperentAtzve\arg tn he nntified by the eXeuutivv hvad

S A Hw ;,lnlup ~h fH Ree im £ i{% W ih nhmnh

Motings |
. Acdiscipline group mavy meet at the eall of its chairman or in accerd with ies own -
LU arranmgerents, o

oo sh STy disciptine group may Be called to meet by the Pxecutive Vice~Chafirman Aacting
T ner ACAP.
“¢jwf -:£F‘W, Rfﬁpﬂﬁwihititiﬁk

e Pheo wroup is fo kewp uider review the plans for gradoate work in its disciplioe

it dntario, including new Jdevelopments and trends in the discipline, and to make
reperts o ACUAP on g regular basis,

B The proup mav mike recommendations to ACAP in comtection with graduate work in
it discipline whon it considers 14 appropriate.

IR ACAL wil) assiat the proup in obtaining fnformation and data, as mutually agreed.

LR R when GO has dnstructed ACAP po conduct o planning assessment, the discipline
svonpr will ansist and advise ACAP In determining procedures and terms of refercace,
will veport as vequested and will penerally Yacilitate the assessment,

Ll A wod by sens Mareh 22, FaTa

md bvoceg April e, 1973,
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Burn Norristown, New Jersey, Augus: 30 1912

MUE., Stevens Inqcitute of Technolcgv, 1?33
' M.S.,-Stevens. Institute of Technoiogy, 1935
Sk . n‘, Harvard. 1938 . R
s. D., SCevens\Ins:ixute of reehnblogy, 1963

Wes:inghause Electric and Hanufacturing Co., Researgh ggginser, 193? 39 R
University of. Pennsylvania, Assistang Prafessor, 1939«30 S
Harvard Univeréxty. Assistant’ Ptnfessar, 19&&-&& AN

Associate Professcr, 19&4~&9
meesser, 19&9—-

'Fulbrightﬁﬁuggenheim Feilaw, 1952~53 ifﬁ% FTWfff?ff?ifr"{fﬂfﬁjw%**f%f{wﬁT"“ *i'
Hunsaker Vistting Prafessdrgaxh},xf 195?~58 B R ST

Egerton:Gold Medal, International Comhustion: Sympasium, 1?68 'f;;ff;jff:fjﬁgf;:ff; ?

- - 100th Anniversary Medal, Stevens ‘Institute of Technglogy,- 1970
Timeqhenko Medal American Gocioty Of Hechanical~ﬁngineefing, 1921

) "Hembm:, Nacional Academy af’ hngmeermg
©Membey, Afieticdn’ Physical Society . -. . . T T g
.77 Member, National Academy. of. Sciences e e e
a .Member, American SOLie:y of Mechanical aninevrs -
e Vice~President, '1967-70
_y::_MLmber, Combustion Institute = -
,:{,?Aqqaciaﬁe Editor, Journal of Applied Mechanias . : _ o ‘
Vi e Member of Editorial Advisory Boards of Intermational Journal of Engineering
‘ Sc¢iences, International Heat Transfer Journal, and Quarterly of .applied
Mathematics

” AefodYnamics of combustion; sﬁpersonic aerodynamics; numerical solution of
~differential equations; fundamentals of gas dynamics

 Address: Department of Mechanical Engineering
. - 308 Pierce Hall
Harvard University
Cawmbridge, Massachusetts
02138 )
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-‘Bnrn Pu‘ahnntag, Alberta, NUvaher 19 iéiémﬁ'f;ffrvigﬂ“ 5“-

‘vviggfsfﬁjﬁgad of Department 1§59~71 }f%"};;f;¢;jf‘;,ﬁ§;;f:%7j5*5f

w;%&xndérd 011 uf dlifnrnit Féiiﬁwship, lﬁ&h 48'-}

Lnwifszny”of Alberta, Sesqional Lecturér, 1942«46

M. q;*, Aiherc¢, 1946, T T I L T
Ph.B., Stanford, 1948 :3r <n~'rf“j%i';ﬁ§ ”1*“T7"f“ff‘?”f?j'ﬁ*ffﬁ‘*?

.««:

e Assistant- Profeéssor, 1948-53. P ':- l‘ e
© 7 Associate Professor,: 1953-i? AR Co
'fPréfeqﬁar, 1957 =0 e

' 7§fD&dﬂ of Engineerimg, 19?l~ *.ﬂ

i

Va\&mbcr, Assacxation Qf Profea§iona1 Engineera, &eologiscs and

unph\ssgis&sAaf Albérta, President I963-64

5%emher, Engineeviug Institute’ef Canada g** .‘fg“”’fﬁf“_;‘ 'f.",“_fﬁﬁmf ”fiT"'ﬁym}

" Member, Ametican Soclety of Méchanical Enpinecers

S

_mr_ggwﬁéf, Canadian ‘Society for Mechanical &ngineering" . o
.. Member, - Natienal RQSgarch Council, Associate Committee om AHYQHKU?i&J!

- Structures and Materials, 1955-
Chairman, 1970~ ‘ '

" swmber, Natlonal Research Council Crant Selection Commlttee for Mechanical

Enginveriny, 1967-72,
Chairman, 1971-72

Ceronaut ical Faginceriag

CAddress: Faculty of Englnecring

thiversity of Alberta
Edmonton, Alberta
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Born Toruntv, ﬂntariu, Jm}e A 19l£, :.‘ | .

B.A.be’ 1anntq, 1933 “-fJf,ixi?}i L;;;if:? ét}1iF?‘f{;“.A“.f”C’f;‘ﬁx“‘jT’ﬁfﬁﬁ 7 
D, Sc., MeGAlL mniverqicv. 971 e \ Y
L.L. D.,_Mcﬂaster Gniversitv LQ?% '

N1tionsi Rssewrrh Ccunvii, Sttuctures Labprataty, 1939~55 ';‘31j;jj ff“iﬂf@?iﬁjf.gi
De Havilland.Aircraft of Canaday ‘Ltd., Chief. Engineer, 19&5«69 L .
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L S MR et i};wnniiurmi‘ngimmxnﬁ f‘}'é.h\_‘!:‘%‘it.;:v:%.vli'n Canada® Cluly 197 3) LT e
. "1""“"\:::‘ti;:*@"if{‘_t,e{&{ E»\ hv‘ {‘ini-:gﬁ‘!v“\i“t_“.ée M um n’ lu-; T Nt | hx;;xmur‘fﬂ? i
) i T R __.'_'..;'. .z ol ‘-.u~','...~‘.-‘.‘-'.'.-_‘_' p A...,:_ K
. tnmm;nxgtzun ui fhi'¢xvport €dngb ‘mudc~in @l 5unerdl agnxu'un;fwu matnx. e
; -gOILH;: iir\ti\, thg ‘nnsuitanth hdvmg'au asjihnment,“ 4gklsd An e
q?rzlrhtidrwari minner; yhat is gencra'tv,agknowlpdgcd to be a mugt Jifflxult )
L~k Andesdy where qualitativelv 4t is not.possible o dqatrt alk ;nqsiblc E
Udlimt{vr‘f”JﬁJ gudnL}&iIva?V .rt is=not pus%&h}v Lu uhtaxu rulixh!u dxtx e
- L ux!, \ili dv. U p{,x d ;) itdmg tvr-‘. e e e & ; ST SO
N TER T e ; rthézr report. Enttuduuad with Qumu *:TTTf‘ s
care, »tﬁtcﬂﬁﬂ{» Xvi&tiﬂﬁ Lu thc Qadls#t ations-and Nimitations of. the many BN
- LiCl(d;h tnfgrinh into @ hLlf p;cdlct:un%, and -have emphasvad :hat this is 0
~n‘i\ Cheglanimg - T w; we r§ pn Umtsmr\ re purt ‘ C e e - S
’ «4xﬁpgru¢tmi, gtﬁvfkf <anz~s-; hﬂvar theru drh.d aumber of tfitltihms ¥
. L$~ . i‘t’ -.f‘\f\*.itjls"‘i_i'- R L r.(_...:.__. - B T i e s . .o
The o supply
' fhe wetlesdology has been clearly enunciatad, amd the assumpt ions )
: stated. Sonetheless, project ions have been made on g three-Tlevel
apoaroack {high, eediasm and lmw}, VHLth!hhiﬁ? pounds which mav well
e Prer DBroReo g8 an& when cortain assmmptions become less or more opvrdtxvc, B
Some indicators are slready present as to the dangers of some of the
assumpt ous, ¥
! - ol Admiasion requirements are not static, and are increasingly adaptable

to Lhe cianges lu the high school. Threo other important aspects must
bo addeds There ds, tirstly, foundation for expecting a mijor gprowth
o L the nuber of women entering enginvering.  Secoadly, the "markel-
i place” veaction with a rapld respense in the Ist vear enrolment to a
: procisimed shortage nvogineers will continue to be operative.
hivdle, there fs further indication thiat advanced admissions (1 lhrough
Plas stopeonts retursing, throuph techunlogy graduites admigstenn, otel)
: AT inereasiogdy faportant in enrvolient projections.  None of these
E %az hees clearls taken into account in this report. A further aspect
. s we bl beonedasd, whiclr isoowlboe fgnored in the report, hut is less
‘ ‘ ‘cxwf‘ﬁéjﬁvfihuﬂyuuuph it will contribute to the instability. in prc&inilnn
o SF LA rear entolunents Hhds relates fo measuringg the fuli impact of
Lo mafor educat lonal changes on the Candian scene, The effoct of the
CROLE e in Onebes in pdftiﬂqlJt. a5 well as of the CAAT's dn dntidric,
tvovet te e ctenrly o perceived, et alone settled into a measarabls

rootab e dutiaencd .
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i. ihu two ddtaihdses selegrgd tur L\amination were thL numbgr ut,"v- R
mJHtc dugxcu: aid the, nugber of. baccalaureates, . The discarding .
R o ht:‘ mxnter S dué‘rm“:f\!mtoz‘&tg dehrcga Idtio 48 ‘rudible beuma e
Tty ignore the very recent _devglopment of many . dortorate programmes
o .untrrhugxn§ Lo rupid ghgubg Ane thib ratio. Ihu total pustbrldnxix

- , cﬁzurc inoenginecringfin vunada is, et “such an: emarg;ng character that

- . rates of whange must by evaluated much more carefully. This»is '

: ' fﬁ'vquh)!\ tru¢ for. th“bagadlautudtu{doxtorql ratiorselected asiay Ll
L bdsers T, cv;dencu-iot stabilizaciod in this is bligh;,‘and eVen &uuf‘ﬂ R
selection ofthreln rabio levels, is l;kxly subjectto, majur érror; R

th:oubh negEEgI of varzaﬁia factora in an easily pérturbed syscem o ‘

TG changing pattern in the nimber of Canadifin baccalagreates who' L

<L b dot grates outschle thes gdanery is»one further featare of a syntoes
’ ahtth s et haa little. maturity. or; stabLlity o it ihia aspett ol

immigration was nottd ip rhe resport.as. one for, whxch [ags d}td wis -, -
svatlabbe s wiich Apnnre une»fuily-duvumented part of ehe a}btcm, 1hu”“”“”
\{hhmu %x*lhm\. S U Y

"~“~‘L5§ th'ucxkxa4e£0n ui thc haeealaur;ate{dcctorﬂl rdtlﬂ as-a. data Bdse for R T
prcdxg:anh future aqpva has anether featury which is indduquﬂtclv S
cansidered aad Analysed.  Thid relates ¢o the forces which aré 7 7
opserative on graduates oE Lanadian engineering &chools. vis-a-vis -
thwir procecdiog to doctuvral work: . Graduates of the enpineering
sehools of Canadian universities have never come forward isn substantial
numbers to undertake advanced study and research. The tradition of
. R suclt a cholce, and indeed the number of opportunities for such advapced
A work, are relatively new os the Canadian scene. The expansion of the
‘ ' uraduate schoals over the past decade has been effected therefore by
the attracting of students with overseas degrees, particularly from
T Asfa. Many of these students from overseas have been or have become
R Landed immigrants, have stayed in Canada and have taken jobs as PhD's,
Sl These jobs have been available, they have not been &agen up by
Canadians who seem to have preferred to enter the work-force earlier,
immediately after obtaining the bachelor degree. There are probably
_ many factors which have conditioned the particular choices of Canadian
. - - eingineering graduates at the bachelor level, but primarily it is
e probably a combination of (a) the fact that they have been so roadily
e e ihsorbed .into the economy at that level, and (b) the facr that the
= level of financial support avallable for graduate study has been too
low to make them feel that the sacrifice is worth it. For the near
tuture, unless the proportion of Canadian bachelor degree gradusates
Lnnnsine to undertake Pho studies changes drastically, the mmbers of
. o cqualified applicants coming forward will certainly decline. AL the -~
T Co ‘sdame time as the graduate schools {n engineering become increasingly
T well established and recognized, and as high teclnology factors includine
ity encouragement through goverament policies increasingly become oporat ivie
the oppasite effect could well occur,  The {mprecision therefore in
gantming a stabilized bachoelor/doctoral ratio is greater than assumed i

:.-fm' ," {f:‘,' E.E.?‘;‘. &ftlv‘\}‘#"‘




:g of Jfoever. qualified Ldnddian graduates” available for Phb.studies at our L’*f:":"

.ng-ihu wurkﬁer LQRVLKQULV whuthgr t‘

to ‘untxnu¢ hi{h Lhnir studlus._;

o ﬂ~ u LA o B

N

in Lhu'{muaxd;rJtian ut'che repnxtk‘mareovbr, gnafshculd not - peruaps

,TA\sriunk the, poaaiblg impact of uvents occurting ip’ othur jurisdxations}

}bc"r;purc suggests that the-annual number of - bachelor dngree graduate
CwillTEallV fromiabont’ 4,500, 80 03,000 fdver ¢he nett tlitee years, with =

‘mestof this decrease due to7a Talling-of f in freshmen enrolments. An f'"‘lf

pravxngni othds than. Qn&ario., rhis ‘would” suggg&t Ans itsulf a. ixkalihadd

uutvgksinga. ihts must be viewed in- cun;unctign with. the situation.. .
“igsthe U s..where undgt&fdduatu enrekments da, engineering hde fdlan b
worv!gharplv oV :bche last few, yaars 1nd this woll 1ead o 3. VeTy. - S
suhstantial decre;ne in the number of bachekor enginggring dugfu»
- graduates.over. the, next few . yaars¢; The cqmbined Canada/y s,

kraduaning slass wag ahnut 47,000 in 19?1 S EE- wil} :he only abqut Lf 7A;"J“‘s‘”

CEY,000 10T 1975, Onu mighs won&zr whethcr, bccﬁuae of ewcullenf LT
upp&rtu&xtivv at’ the’ bachelur Igve 4.4 smaller propgortion might provwgd
' " Fack of anxTety abdul:employsicitl
pruxpv(t& atbthu bachelor luvel will pive. mere studcnts the vunfidcqax

A tazthﬁr md;or «rx:iaiam ut ahis pdrt gi the'erQrL f&§t5 nat Qi thc

methodelogy, vlements of which have been discussed abave, but an’ the,)]f'"' 

basic -data-used--in the- caleulation- -steps. . Without. uxamindtxun of .wach.
and eveTy set of. data uscd, it can nonetheless be ind;natud that -the

rathcr complux uumbznations of undergraduate enroiment and graduaat ion

data from Statistics Canada, from FI¢C enumerations, from the "Ring

of Iron® for oatarifo leave some {nconsistencies. The number of bachu!nr'u

graduations md of ductorstes were obtained only to 1970-71, while the
aumber of master’s deprees were recorded for 1971-/2. In view of the
rapid build-up in Canada ef doctorate degrees {from 78 in 1965-66 to
Mo {n 1970-71) it would have scemed to be quite important to establish
the 1971-72 figures before final projections were carried out. In

- view of the prominment place tiaken by the Ontarie system contribution

it is indeed surprising that more current data at hand in CoU (ACAP)
was not wtitized, Nonetheless, it is fair te point out that the actual
doctorates in untario for 1972 and 1973 respectively were 124 and 177,
and that the former figure compares to the low level projection tor
1971-72 of 126, and the latter to the hlgh level projection of 1721 for
$972-73, AL least the projection hand width ased just encompasses the
first staypes of comparative Lictual data.

Jerzind

pue report dnciades a vomprvnuuﬁive survey of minpover desawd netlonde,
ared a varefnl statement of the methoad followed for cach ot the sedtors

uﬁpiat«d, an well as its Hodtations.  This demsasd aspeot of fhe report

i= tite ope which has received the most criticism from the AUAP convultaat .

in toe five engincering fields dnsessed.  Oor eriticisms encompass Lhe
g tur element s of thuse coment s o swmmary form an well as those volved
by the emdineer ity schuels o vntavic.
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Joi .‘lxwdt um&i ‘;g'\‘tux \\ e
i s s - 12 B N .
- S Q’T&£‘Cuusulcantﬁ"h<é ofa m¢du1 tur thu wstinutxun ut futuru dumdud '

Sl thc educatienal” aestar ia devuptlvwinatLrQCtva : kssuntiatly‘ C m'an~1~¥f~
Cthedn model was- h.;sexi on a staff-student’ vatio as a b*tc:e, mijuqtad tnr 3
‘=ruairumcn§i=mor24}£tv"dn& mxhra&zon;; Whev Cﬂﬂtiﬂdﬂd that  to 197 7= ?&

7 {at feast) the demand for cnglucering.doctorates would be essonrixllv R
T T dmi an ddmittu_d Sthis willgolprove to. bc«m aceurate L0 \
- "”QOQnarze o ihev’then rest rhmiricaér that: dn> buth un;vdra;gia ,Jnd S
oo . gther gducatianti im-;t;i:m:ixm‘,'x the. demand., gili He “minimal’. . oin tnuﬁ \

- .h,ﬁz'- &i‘tLuuer_hvn§e of the least 4:rainablg or extremely sdnute inosize, - -
i dsdi T el tos Fead into I‘hl.s othep than x*::bi,&&teidll\, B dgumnd. e
1;:€v;n_th¢ubh rather oReg\n:tv derivaed, ve find, xt har& to . d‘tgpt &u;h :
B if.tdﬂt usion, PdfiﬁVﬂidr1¢ When tlie Ontaria) syatem Htself pruieata .
Capwla d~m‘nd foraabout 20 for | 19?4.; hnme‘  _ ”j{°‘mesqu ‘white R
,f;“nui! Re. omittLJ bv”thw Gdcl used. in&lud?@in&rﬁlﬁﬁd dvmand thruugl
S najar hlack resenrali. h:anta.»ihrough missioncor kuptad rﬁbﬁdrih,idnd
B S ¥ Lgugn the -deved up’m.'nt of . aew, p!‘x};,rdnmu: _mtd arcasy . dlhe. repm"t duu L
Cdealat ivnﬁih with the quustion of aubstitutahiiztv hLi&ﬁﬁu Luputw’§ e
“Hut dnen RS wuiyh‘;t Lo Lhe‘iuvul Whprp 1{ wnuld nut bv h}}dn\ud b,
»uth‘r fittﬂrs. Jdhis, qugstiuu of. hnbstitutian wlll dkbn bxg rufuffudl"wuﬁ
ta ~“\i“y-!n~swuwxd§xinh the Lutii d¢m4nd~supp2y piLturv o e

Covern \N( ';:;4 Indunt le__g‘w;t;_{_x_}?_

S bt Laene seators Lhe consultants chose to establislht stockh dotet aand
T torecast demand for 1974, 1975 aad 1978 by direct survey.  From the
) Coenun oritieisns and imiaui specific refatations that can be wade, it
. s5 chear that this survev has been far too narrowly vast.  In . the
L vevernment arca this is cortainly trae reparding the narcowness of
definition used.  In the isdustry area 1t includes not only thaet
bimiddng {actor, but became subjoect to both incomplete data through
s o wroay sources, and through fmportant omissions. To some desrve.
_ Phe comsultants wers well aware of these defiefencies, but were
R shyvivasiy more conscivus of then for the forecast demand data than

| et e stockh duta - where equally gross errors and omissions saum to

Lave seearred. one esample of sucle an error is fn the stock af b

__ o 173 i tributed ro ML, compared fo Uie 90 gctaal in 1973 ae
ST provided b the Metalburpical engineering cousultasts Ju their roport
‘ Foo AP e raports Lo AUAR specity other esdanpies.

dioa s e te eweape the conelusion that the inhh‘ﬂuduias of  the demamd
it e G PAY o3 et thetn tike Cone .mum s-eavisioned, and their
Cestda s ot trdsaion ate shels Cpreastoer Lhan thm: stim;st.mi.

h oL, T bV IR PSR IS

el bt beand Vi it annd .’f.x‘mi,m{. .

coelialogppe s Lo besn hasde premise of Ctlee report wosccoutained in

Lararsrant 1oyl paue €10 derte rVe s« Onba it . NEZL,

";-J:El{lCWii;/,, o . L

. 2 ‘ .
B~ . v ooy eric [T . .
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\ _:unuid iulluun\w ?Uligv and pkaﬁuing in pns:—asﬁﬂnd¢er;lfvf*iQ-'—'
-,:vAn«thun iu that,ar;a.;ﬁg--

P P R L IR T IR,

- ~ : " Com r - . g h . -

zhi Niew may nvt bv AN &vnvfd{l’ ‘ _
o‘l;‘VVf; Ihu'QJraiaular philasuphy~ou;iinnd'gan taLen qa cxermg‘“"“m,,. _
©result dna shortsighted .and. constrained: view of a universicy, Tt 27
?il‘uuld we bl e ar gued that! tou marked @ distinction hdh Beept drawn s 0
‘;%utwucn whait is,vdurgtxonal and ‘whitt, £sﬂvocatinnal  Regontly this,
A%xsnhvcu<onnvin‘inglv stated: td “bel one . of - the~majuramisennceptﬁan&ﬂ;m$5;i
i hikn«r wdticat fon planuaug* The~danget in dxsum;ng fhat all but
‘ﬁtvp&{&tluﬂ af: pebpli for. bpegzt£c Jubs ts wrong ur vﬁbceful is‘nnt ‘ L
SonsGTint the Shotp= simhmvd ef forg. ro eﬁt“bli”h ¥ ofgstoone, pit Xﬁhbiwm~-*'
rclitxdnhhip bctwecn edudation and: 3obs._ &ather it omits’ the impnr an .
‘{Jat that. voeationally erfented. education’is mot wasted 1f. it is s S
wwwed An thie” sperific vovation. toward: which ft was diratthd.:?ﬁs Buwcn* S
_~qti:q“-‘I{ is nomark of failure,: rath;r a-mark of suecess, tat: R
CLvidaeation, - den s{fitllv vocatidnal.educition: q-haa wide appl:"abiizty
'knd prnduhuw flealiie and vexsatile people”. The Phi grdduﬁto QVcn g
P takes 3 voodtienal route initially may. w»%i aery .socon Find
Fhimsvif ‘incpusitions whuru hiis PRD can' be - rv?ardeé ‘oniy as pare d!
This peneral educarion or a8’ o contribating factos’ to tiis intvIIv*tuli

examples of this “diffusion’ of th‘a,thranh a Mvocational" period

Lo positians o quite ditferent respongibilities in industry,
sovernnents and the universities, The ronquitnntq gave careful
attention at ope stage in their report. to this "dittusion' or
Jisperaion, referriog proparly te the recent Universigy of iuruntu
studv.  dowever, thoy disd not thoen “factor” it in wo cither thelr
supply or tielr dewand projecrions.  In our view, significant allowanceo
shonld be made tor (. on the supply side, both into the baccalaurcate
SUredam as woll as into fhe doctoral stream in engineering the

vacat tenal feducat lonal issue is ot clear-cut aor should it be. un

the Jdemand side, there must be dllowance mdde both {for the substitut-
abitity through flexibility even at initial emplovment levels, and for
increazing mebilicy and transier into wider areas such as management

1 x\pxrinn«v acerues.  The disticulty of quantifyving this is well
appreciated,  The need tor includdog 1t in some definttive wav demands
eqital wppre \gl 4t ton.

-

Teoo hc Suppiy oand e nuiisd Ande

e A By 5t

fhae roport da.its Cinal resalts @d oone busions, cones Juwn stroengly on
tiw prediction ot -an oversopply  of engineering PRiY's in the decade -
abend. They ackbowledge a0 ramw el Tactors whiech will Iaffuoence both
thels supply band p;u;u tion dand thely douund bund projection, Incladiog
RIS ~,~mh effeet of their own ropert . We acknowladgd this dany, nepr
Awid o by hepee that 10 can be minisived by vicorons eopheads bt

G ML Bewen, Yibie manpower ve, the tree-chodce principle’s tndvdrsity
Mttodes, tan. duia,

B

”~dUVc‘npmvnt or problem-solving ability, . Tt is not difficult to give "‘"'.mfﬁw-w':



txv'ii*ttttzuun;nt thu rvpurt‘w pro}ec;xonw but dl:u an thu~;g,g T
»xunntcrxnh,«\xdun‘c as it oaccumglatest We have indiggted qome‘HA:«mv;auﬁﬁw'”
\E At spuets Of bath ‘thie &uppiy‘and ‘the démand pFofectiodns whitch -

s imaa it e, thc narrowness.of (the.band widths se levted.. Perhaps
g £mpuzt¢nt2\ in the iung.run is the real: failure ui dny demand. _
;fnru;vxﬁion tu he. uhlv‘tu tskg iutu d&COU“t dhv(but thu very . bhar:*5n°yﬁiagf;w;-7
et sk;!& ruquirgments uf the p¢uh0my.- Pbe ev;denx s quLEe wlears
- that wur socidty haq an gnornous awuunt of wcrk to be 4one with'a ~ _ -
. | Cdaekootsutbicient bkilled glanpawet to, do its:  We would gla;m that - - oo Tl
S thc“kddptgbilzev of. dogtat&l Braduatgs 1u &enctal combinett with thL PR
' S zk&:aabzlgtv ‘afour wiroBemyy regu kb -iaa’ surprxsingly good h:lanc».j}i*f“““"_ .
_;ue ataria evperiunx weli d0uumuntud qow for four years, inditatua"V: ~ i
cessentially g unempiovment of ~enginevring, doccorates, no ‘upusual T T
\nu¥&~ug ur’ @:pr¢&e“ia &£ po:t~dac;gral ferm, and gkanging flews intu T
Cwoverageat. dnd industry’ds. denaid from the universities. slacken.. fhe L
L aecdplites WEodlQurrenL bal4nue4 whieh daes uxist (winh SOM: uuidcﬁgualii :
IR €¢ N T 0% o U T o ursxiigd.nnudn B sone areas), could well be ke starting
' puzut “for the roeport’s s projections. The graphical: summary ngLn an e
‘gggv lﬂ wuu}d thvn yrg5un{ an en{irelv dif;erenc piLture S

_ ) ',{“c shuuid © e i“dvg uur na&;unxi Lundcnrv tu be“cautzou& An&“ _
SRR 'VV’”pxuniantxx, rocognize thut even q Phd may be vicwed as vacationxi
. o Teducatiena s ¢hopefully both) according to the praduntes, poLuptinn nt L
'::')ﬂ:Q;Gf‘ th: Ndrk9t~?§4st, alfernative uppartunitin&, his own deslres and so un,
R “and not deliberately cut back on Ph enrolments. in enpineering, |
o <4poixAiiv on dem&nd é&ta uf sucl Joubtful validity as that eontaxnvd
Tie.io o dn the CPMU pre b inindfv r;pura.‘ We have so Tittle to pain and sn much
Lo Bose ?\utdkidg such an approach.  We need to display nwere optimiss
awmd vonfidence in ourselves and in the ability of highly educated
MAnpoweT to secek out and create eppertunities and to raise the loevel
of some existing positions both In povernment and industry. it is ro
R e hoped that our students also will displav such optimism and take a
L broaader view of the value of their education, and that this viaw {s
L siared by oour federal amd provincial governments. We will need this
s st i we are to move dnto an oera oin Canadian industry where
AR Incrodsing sopihidstication and hiyh technolongy bevone more asd more

SR T RTE § SRR
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 ,»414 not: uﬂmL through tne anadian banCalauraate Streant, Th& size'- b
. eroug of’ dautnrate% was related largely: 19, immigrdtton ‘;f~»m~n o

0

S W S '_a~r = : ---xf'.‘ N e .
s H-14
NOTES. . e -
CRed o1l . . B
- e T e e e D R DT T e T ; T P
7 Eatrance tu euginenring was assunied doristant on -3 demugrdphxg ba:e

. 057 of male. pnpuixtion age 15 to 19 and assumed*unchangvd
,vutr.mge*requirementb._ S S I

;.*‘.‘ .o

The preatest. danger i assuming the validity 6f a stable B/D Faria

“for projection’ purposes rcgides in -the. fact: that the doctnrate figurgf;ﬁ-ﬁfwaﬁ

™

st decade Includes a very Large but unknawn numhe: wia'

- far - the: 1&
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