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Deans of Engineering

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 enginnering,
C with metallurgical and materials engineering, D with mechanical
engineering, E 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: PFart I
dealing with the recommendations approved in June 1974 and dealing with
most of the fields, Parts LI and ILT to appear later dealing with
mechanical and industiial engineering, and with civil engineering
respectively. This volume, printed in the summer of 1974, contains only
Part I.




FOREWORD

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

The Advisory Committee on Academic Planning (ACAP), as presently
constituted, was established by the Ontario Council on Graduate Studies
at the 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-term graduate
development in Ontario's universities both at the level of individual
disciplines and at a more general level. The Advisory Committee's
activities are based on the premise that graduate work is the one area
of university activity in which specialization among universities,
cooperative arrangements and comprehensive planning are most necessary.

The disciplinary planning orocess involves a discipline group
composed of one representative from each university with an interest in
graduate work in the planning area. In the case of engineering, CODE
was also involved in a way described in the ACAP report. The discipline
group 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
by ACAP. The consultants are requested to make recommendations on
programmes to he offered in Nntario, desirable and/or likely enrolments,
the division of responsibility for prozrammes 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 receipt of the consultants' report, and comments on it from the
disicpline group and the universities, ACAP hegins work on its own recom-
mendations tor submission directly to the Council of Nntario Universities.
COU considers the 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 1is on forward planning, and it is hoped that the
implementation of CNU's recommendations will help to ensure the more
ordered growth and development of graduate studies in Ontario's universities.




Council of Ontario Universities
Consell des !'niversités de 1'Ontario

Report and Recommendations
concerning Doctoral Studies
in Engineering - vart 1

On the instruction of the Council of Ontario Universities, the Advisory Committee
on Academic Planning, 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 PhD work which
appeared in Ring of Iron. The background to the study, the procedures followed

and the planning techniques used are described in the ACAI' report and are not repeated
here. The resultant report from ACAr 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 understand the recommendations in this Report from COU. COU
will issue subsequent parts to this report dealing with mechanical, industrial and
civil engineering.

The Council received the ACAP 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 University 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. Discipline 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 geuerally 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 COU's original Reports
on an individual discipline may be required.




3. 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 judgements
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 discontinuatioa or the
carrying out of an appraisal, if the continuation 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 strengthen i*, 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.

4. 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?

5. 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.

If 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 total numbers to be planned for and indications of
which institutions should increase, decrease, ur 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.




6. The quality of graduate programmes is partly dependent on size, and
for each programme, depending on how it is designed and 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 cf assessments are to be based on the

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

General observations concerning engineering doctoral work

1. Oncario is unlikely to over-produce engineering FhD's in the next five
years. However, the student body contains too large a proportion of non-

Canadians. Qualified Canadians should be encouraged to seek the engineering
i'hD.

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

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

4. Facu’' :y 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 inter-university and university-indusiry 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 activity is also in
evidence elsewhere.

Actions by COU

1. COU has abandoned a planning number of 450 doctoral students and advises
the universities to plan on the assumption that the doctoral enrolment will
remain 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.




2.

3.

-4-

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

COU requests that ACAM 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 ACAr for
transmission to COU);

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

COU requests CODE, after consultation with the discipline groups, to 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 that ACAI' 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 ACAY 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 ACAP on university actions taken to
correct identified weakness in certain fields of study.

Recommendations

It is recommended that:

1.

2.

Universities, CODE and discipline groups take steps 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 Canadian students.

The universities attempt to maintain the situation where Canadians and landed
immigrants constitute at least 70%Z of the doctoral enrolment in any programme,
at any one time, even though the number of landed immigrants may decrease.




3. The universities, 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 engineering 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 recommended 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 ea:ii of the five
traditional fields of engineering. Two 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 18 recommended that:

6. 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 d. ' ineating 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 Nctober, 1976, admission of new students 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 nydrology 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 doctoral work in chemical engineering at Mcﬂaster Ottawa,
Queen's, Toronto and Waterloo.




It is recommended that:

9. The departments consider grouping their research activities in well-defined
arc - 80 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 ACAP by June, 1975, on action taken in regard
to. this Recommendation.

14. The University >f Waterloo continue its doctoral programme in chemical
engineering according to its plans. :

Civil Engineering

The consultants' report is unfortunately inadequate for planning purposcs.

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 ACAP dealing adequately
with the future role of each department in respect to the different fields of
doctoral research, paving particular attention to the relative strengths and
weaknesses of each department and the change in emphasis on fields recommend-

ed by the consultants. The report should be submitted by ACAY by December 31,
1974.

FElectrical Engineering

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

1t 1s recommended that:

16. The discipline group annually identify those areas of electrical engineering
which they consider relevant to the present and future needs of Canada and




make their findings available to the granting agencies and various aasociations
of industry in order to s%timulate a continuing dialogue with industry.

17. Carleton University continue its doctoral work in electrical engineeriny
according ro its plans.

18. McMaster University continue its doctoral work in electrical engineering
according to its plans.

19. The University of Ottawa plan the reorganization of its doctoral programme

in electrical engineering and put forward the programme for appraisal. If

a favourable appraisel 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 communicati:ns systems and large-
scale systems ficlds.

20. 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 maintain enrolment at its present level.

21, The University of Toronto continue its doctoral work in electrical engineering
according to its plans.

22. The University of Waterloo continue its doctoral work in electrical engineering
according to its planms.

A3

Metallurgical and Materials Engineering

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

It is recommended that:

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

24, McMaster University continue its doctoral programmes in materials science
and extractive metallurgy, and make a report to COU through ACAF in the fall
of 1975 on the following suggestions for improvement:

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

Queen'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 replace it by an enlarged programme involving
professors from other departments. This new programme should be appraised

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

to
(¥} ]
-




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
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 consider
broadening the programmes and it is requested that the univ:rsity report to
COU through ACAP by September, 1975, on any progress made in this direction.

27. The University of Waterloo continue its doctoral work in extractive and pro-

cess metallurgy and in metallurgical engineering and materials science
according to its plans. .

Mining Engineering

It is recommended that:

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

General
1t is recommended that:

*: 29, 1In view of the acceptance of these recommendaticns by the Council of
Ontario Universities and the completion of Part I of this planning
‘assessment, the Ontario 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 appears 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: Recommendation 16

Other engineering discipline groups may also find this a valuable suggestion.




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 direction
of the department.

Re: Recommendation 25

Queen's has reported to COU its intention to enlarge its programme in extractive
metallurgy.

June 7, 1974.




N“@\i

ADVISORY COMMITTEE ON ACADEMIC PLANNING

ONTARIO COUNCIL ON GRADUATE STUDIES

REPORT TO THE COUNCIL OF ONTARIO UNIVERSITIES
ON
ENGINEERING DOCTORAL PLANNING ASSESSMENTS

JUNE 7, 1974




TABLE OF CONTENTS

Page

1 Recommendations 1
11 Backgrounc and Procedure 8
" II1 General Recommendations 13
Iv University Recommendations 20
- University of Western Ontario 20

- University of Windsor 22

- University of Guelph 24

\4 Chemical Engineering 25
V1 Civil Engineering 28
VII Electrical Engineering . 36
VII1 Mechanical Engineering 38
IX Metallurgical and Materials Engineering 41
X Mining Engineering 44
X1 Industrial Engineering and Systems Design 45

For each planning assessment (Chemical, Civil, Electrical, Mechanical,
Metallurgical, and Industrial) there are appended:

Appendix A
Appendix

Consultants' Report

- Discipline Group Response
Appendix C - University Comments
Appendix Procedure of Planning Study and Terms of Reference
Appendix E - Discipline Group Membership

- Roles of ACAP and of Discipline Groups

Appendix G - Curricula Vitarum of the Consultants

m m O O
!

Appendix

Appendix H - CODE Response




-1-

I. RECOMMENDATIONS

General Recommendations

Cl

It is recommended that COU 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. If this interest does not materialize, the
enrolment will undoubtedly drop. In any case, it is recommended that

CODE be asked to report annually to COU on enrolment and employment
opportunities.

c2

It is recommended that steps be taken to inform potential candidates of
tne 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 Canadian students.

Cc3
It 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.

_C_l_._

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

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.

c5
It is recommended that each Discipline Group monitor annually the admissions

experience of each programme (post facto) and report on the quality of the
admitted students to ACAP for transmission to COU.

Cé

It is recommended that all doctoral thesis examining committees should
. have an examiner external to the university.




C7

It is recommended that each Discipline Group and CODE develop proposals
for making information on graduate work in all Ontario 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.

c8

It is recommended that at the present any part-time or non-resident
doctoral work should be by individual arrangement 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
field in which the professors in the department have expertise. It is
recommended that OCGS examine existing university guidelines in this area.

C9

——

It is recommended that the universities report to ACAP (for OCGS) each
year on the time taken by each graduating student to complete his
doctoral studies. '

University Recommendations

c10

It i{s 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 appropriate to
accept students. In case a favourable appraisal is not obtained by
October, 1976, admission of new students should then be suspended.

Cl1

It is recommended that the University of Windsor continue the reorganization
of its doctoral 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 October, 1977, if a favourable appraisal

has not been obtained by that date.

c12

It is recommended that 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

c13

It is recommended that 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.

cls

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

c1s

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

cle

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.

ez

It is recommended that the University cf Toronto continue its 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 taken in regard to this Recommendation.

c18

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

| .Civil Engineering

c19

It is recommended that COU recommend the continuance of the embargo on the
funding of any new programmes in civil engineering until COU has accepted
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a Discipline Group report 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
each department and the change in emphasis on fields recommended by the

"consultants. The report should be submitted to ACAP by December 31,
1974,

Electrical Engineering

c20

It is recommended that the Discipline Group annually identify those
areas of electrical engineering which they consider relevant to the
present and future needs of Canada and make their findings available
to the granting agencies and various associations of industry in order
to stimulate a continuing dialogue with industry.

ca

It is recommended that Carleton University continue its doctoral work
in electrical engineering according to its plans.

c22

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

c23

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 students

should cease as of December, 1975 if a favourable appraisal has not been
obtained.

24

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 department maintain
enrolment at its present level.

c25

It is recommended that the University of Toronto continue its doctoral work
in electrical engineering according to its plans.




c26

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

Mechanical Engineering

27

It is recommended that 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 stronger 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.

c28

It is recommended that, if the University of Ottawa wishes to reactivate
a doctoral programme in mechanical engineering, it give careful consideration

to allowing some further maturing of the department before applying for
appraisal.

c29

It is recommended that the University of Toronto.continue its doctoral
programmes in mechanical engineering in its Department of Mechanical
Engineering and the Department of Aerospace Studies and Engineering.

ACAP suggests that the University 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.

¢30

It is recommended that the University of Waterloo continue its doctoral
programme in mechanical engineering. ACAP suggests that the University
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.

Metallurgical and Materials Engineering

€3l

It is recommended that the universities take note of the consultants'
recommendations 1, 2, 3b and 3c, dealing with the weakness in certain
fields of study in the province and that the Discipline Croup report
to ACAP on any action taken in consequence of these recommendations.
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It 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
a report in the fall of 1975 on the following suggestions for
improvement:

a. recruitment of students with physics and chemistry backgrounds
b. strengthening of the extractive metallurgy faculty
Ce collaboration with Toronto.

ok}

It is recommended that Queen'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 replace
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, 1376. If 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 is not obtained.

¢

It is recommended that the University of Toronto continue its doctoral
programmes in its Department of Metallurgy and Materials Science. It 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.

¢

It {s recommended that the University of Waterloo continue its engineering
doctoral work in extractive and process metallurgy and in metallurgical.
engineering and materials science according to its plans.

Mining Engineering

C36

It is recommended that Queen's University continue its doctoral work in
mining engineering in accordance with its plans.
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Industrial Engineering and Systems Design
ca7

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

c38

It is recommended that the University of Waterloo continue its doctoral
programme in systems design.
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I1I. BACKGROUND AND PROCEDURE

In June, 1968, the Committee of Presidents of the Universities of
Ontario, after a meeting with the chairman of the Committee on
University Affairs, decided that a comprehensive raview of engineering
education in Ontario 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 approved 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. Such a plan should endeavour to provide for the
highest attainable quality, the best use of resources, opportunity

for innovation, and maximum freedom of choice for students.

This study culminated in the report Ring of Iron prepared by a commission
chaired by Philip Lapp. ’

The report was received by the Committee of Presidents in January, 1971.
A process of review of the report's recommendations was established,
CODE prepared a brief based vn statements of views submitted by

each univeisity concerned and by each Faculty of Engineering. Briefs
were prepared also by the Ontario Council on Graduate Studies (ocaGs)

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.

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 establishment of a new degree at the doctorate 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.....
By this we understand a system of part-time appointments."

"Over the next two years the estimatad graduate enrolment of
2,000 full-time equivalent students for 1970-71 be reduced
by 177%, after which graduate enrolment should be limited to
a number equal to the previous year's bachelor graduations.
The enrolment figure applies to the engineering departments
as identifed in Ring 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
including COU. However, COU, along with CODE and OCGS,
recommends that the figure of 450 be the target for 1974-75,
rather than for 1973-74, for reasons related to avoiding
large fluctuations in enrolment as explained in the OCGS
critique."

"The Lapp report recommends specific numbers of PhD enrollees
for each of the universities inciuding discontinuance of the
PhD enrolment in certain universities. COU feels that the
reasons for the numbers chosen or for the elimination of
certain doctorate programmes are not fully documented in the
Lapp report. COU also agrees with CODE and OCGS that
attention must be given to the numbers 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) 1is based on plans for
discipline planning assessments respecting PhD programs to
be initiated immediately and completed as rapidly as
possible. Such assessments will be carried out by ACAP

in cooperation with CODE; they are to incorporate capability,
demand and quality correlates, and are to be used to provide
specific recommendations on changes for the total PhD
enrolment, and for the division of the enrolment amongst
universities and amongst disciplines. The assessments are
to incorporate a review of the effects of the pro rata
reductions in 1972-73, and to recommend a mechanism for
continuing review of PhD enrolments."

On receipt of this instruction from COU, ACAP and CODE established a
liasion committee (Ayers, Dillon, Ham, Johnson, Shemilt, McIntosh, Preston)
which drafted procedures for the assessments. It may be noted that

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

not on the five traditional departments found in ¢ngineering faculties,
but rather on interdepartmental areas of research; the practical
difficulties of conducting the assessments led the committee to

recommend the five-fold subdivision actually used.

The procedure developed in this way was approved by ACAP on March 17, 1972,
and by COU on April 7. The procedure (except for minor data amendments)
1s that in Appendix D to this report. In writing to indicate its
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approval CODE expressed their understanding that two objectives would
be met:

"]. To provide a rational basis for doctoral work in engineering
and for confirming or modifying the limitation on enrolment
suggested by Lapm.

2. To conduct a really effecrive assessmeat of the quality of
our current doctoral programmes."

CODE went on to emphasize the need of alequate resources to obtain the
best consultants.

In order to begin the planning assessments, the ACAP/CODE liasion
committee called a meeting oi members of the five Discipliue Groups
(Chemical, Civil, Electrical, 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 uspects 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
chairman 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 sc on June 9, 1972. This Task Force held meetings

on June 29, July 27, September 1, September 25, November 29, 1972 and
March 19, 1973, It suggested two slight additions to the procedures

as approved earlier by COU, These were approved by COU on September 25, 1972.
The Task Force also produced a document clarifying some aspects of the
procedure in detail, and a statement of some educational philosophies
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 for planning
purposes those doctoral programmes in Faculties of Engineering which
did not fall obviously into the fields covered by one of the five
consulting teams. It was eventually decided that:

a) both the metallurgy and the mechanical engineering consultants
would be asked to considzr the metallurgical work within the
Department of Mechanical Engincering at Waterlov

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

¢) a small-scale "planning assessment" involving two consultants would
be carried out in industrial engineering and systems design

d) in view of the fact that all current doctoral students at Guelph are
in hydrology 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 consultatiun for them with someone in a-
department of agricultural engineering
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e) the mechanical engineering consultants be asked to consider the
doctoral work at the University cf Toronto Institute of Aerospace
Studies and in aeronautical engineering at Carleton, with the
request rhat they consult also with another of the ACAP consultants
(on the Electrical Engineering team) who had expertise in some of
the UTIAS work outside mechanical engineering and also with an
aerospacc specialist

f) advice on the future plans of the Department of Management Science
at Waterloo would be sought from the consultants in the planning
assessment in Administration, Business and Management Science,
with a comment also provided by the consultants on industrial
engineering.

g) no special arrangements were needed in connection with biomedical
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 associated departments.

Item f will be dealt with in a later report. The remainder are
covered in this report. The mechanical engineering consultants informed
ACAP that they did not require the assistance suggested in item e.

In October, 1972, CODE proposed that a study be carried out, under the
aegis of the newly established Canadian Engincering Manpower Council,
and with financial support from a number of agencies, in order to make
recommendations about "supply and demand" for engineering doctorates.
This would be expected to be of great value to the planning assessments.
ACAP agreed to this suggestion, provided funds towards the costs, and
incorporated reference to the study into the instructions for the
consultants. In the event, the study proved rather disappointing; it

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, Uctober 13 and December 18,
1972, The consultants who finally acted were:

Chemical Enzineering: Dean P. Crenier of Université Laval,
Dean W. R. Marshall of the University of Wisconsin,
Professor L. Yaffe of McGill University

Civil Emgincering: Professor W.W . Eckenfelder of Vand=rbilt University
Mr. B. V. Martin of Alan M. Voorhezs and
Associates Ltd,, Professor G, C. Meyerhof of
Nova Scotia Technical College, Dr. J. L. Boulet
of Hydro=-Quebec.,

Flectrical Engincering: Professor A. D. Moore of the University of British
Columbia, Professor M., E. Van Valkenberg of
Princeton University, Dr. M. P, Bachynski of
RCA Research Laboratories
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Mechanical Engineering: Professor H.W. Emmons of Harvard University,
Dean G. Ford of the University of Alberta,
Dr. R. D. Hiscocks of the National Research
Council of Canada, Professor S.G. Mason of
McGill University

Metallurgical Engineering: Professor J.J. Jonas of McGill University,
Professor T.B. King of the Massachusetts
Institute of Technology, Professor W.S. Owen
of Northwestern University and M.I.T.,
Dr. W.B. Lewis of Atomic Energy of Canada Ltd.

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 zcnsultants held their first meetings at various dates in April and
May, 1973 and in each case met with the appropriate Discipline Group,
arranged the schedule of visits, discussed their character and 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 Septewmber, 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 .roups and to CODE, each of which sent comments to ACAP

at various dates in November, December and January.

A subcommitfree 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
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 results discussed in the relevant sections of this
report. ACAF alsu thought some further information would be helpful in
connection with three of the universities and arranged meetings with officials
of these universities and members of ACAP.

This report is based on the :onsultants' reports, the data collected for the
study, the universities' comments and supplementary material from some of

them, the Discipline Groups' responses, and the other documentation referred

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 i8 required, ACAP presents this report directly to COU. It has also been
transmitted for information to OCGS, CODE, and the Discipline Groups.
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I1I. GENERAL RECOMMENDATIONS

This section of the ACAP report contains recommendations that are
of general concern to all of engineering. Some of these recommendations
have been mentioned consistently in all the reports while others,

although found 1in only one report, are applicable fo all doctoral
programmes.,

o Enrolment and Manpower Forecasts

In the summer of 1973, the Canadian Engineering Manpower Council

released its report entitled Supply and Demand for Engineering Doctorates
in Canada. This report was partly financed by ACAP and was giver to all
the consultant teams prior to their wri ‘ng of their reports. It
generally states that the supply of engineers in the next five years will
exceed the demand.

A summary of the comments 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 PhDs. Each team believes that the need for
engineers will not decline, as predicted by CEMC but that the overall
demand will continue and in actual fact, all but the civil engineering
consultants believe it will increase.

ACAP had originally intended to publish a critique of the CEMC report.
However, CODE 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 be reproduced, but we feel

that the CEMC report is not an adequate basis for manpower planning in
engineering. Since all the consultants agree that supply will not exceed
derand but perhaps rather tihe reverse, the question of supply of qualified
students must be studied. The main problem will be attracting Canadians
into engineering graduate work. In 1972-73, of the 518 F.T. engineering
PhDs, 28.67% were Canadian, 53.3% were landed immigrants and the remaining
18.1% were on student visas.

Changes in the immigration regulations make it harder to become a landed
immigrant. Since one can no longer apply for landed immigrant status
while in Canada, those that come on student visas will presumably return
to their homelands. Coupled with this 1is another new regulation that

a teaching assistantship 1s 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 few
scholarsnips or bursaries open to them but in engineering they may be
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supported from contract funds. In any case, there will be funds for
only a few. Although Canada has a role to play in providing advanced
technical education for the underpriviledged countries of the world,
this should be kept to a reasonable level and should not exceed 30%
of engineering doctoral enrolments.

CODE, on page l-9 of its response, states that '"unless the proportion
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 that stipends need be any higher
in engineering than in any other field, but there is one exception

and this is that people with substantial professional experience
returning to graduate study should be supported at a higher level.

ACAP is inclined to agree with the University of Waterioo's comment,
page C-29 in its response to the chemical engineering report, that the
best way of attracting Canadian students is a ''change in the general
atmosphere surrounding doctoral work in engineering in this country
and to convince the brightest young Canadian students that there are
challenging 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 especially if the
number of industrial scholarships were increased and more interaction
were seen to be taking place between industry and university.

This dialogue with industry is needed to ensure that more Canadians
continue in graduate work. If industry indeed has a place for the
master's or doctorate in engineering, more must be done to encourage
good students to stay in university instead of taking a job after the
bachelor's degree. Industry in its hiring policies can encourage this.

The chemical engineering consultants recommend that the universities
should endeavour to develop entrepreneurship in students. They feel
"this is a quality so badly needed at present in Canada'.

It does not seem as though Ontario will overproduce engineering PhDs in
the next five years. The question is rather whether there will be enough
qualified students. In view of this possible shortage, the following
recommendations arc made by ACAP.

Recommendation Cl

It is recommended that COU 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. If this
interest does rnot materialize, the enrolment will undoubtedly
drop. In any case, it is recommended that CODE be asked to report
annually to COU on enrolment and employment opportunities.
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Recommendation C2

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 Canadian students.

Recommendation C3

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

70% of the doctnral enrolment in any programme, at any one time,
even though the number of landed immigrants may decrease.

Recommendation Cé&

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.

Admissions

ACAP does not suppcrt 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 engineers.
The usual minimum standard of the better departments is a high B and all
the consultants agree that high standards of admissions prevail generally.

Recommendation C5

It is recommended that each Discipline Group menitor annually the
admissions experience of each programme (post facto) and report on
the quality of the admitted students to ACAP for transmission to COU.

CODE agrees with ACAP on the annual post facto analysis of admission
practices (page li-3), The chemical engineering consultants have suggested
"that should it be found that students have been accepted who, in the
opinion of the committee, do not fulfill the minimum requirements, the
committee advise COU that a recommendation be made to the requisite
authority suggesting no BIU be awarded for that student'. ACAP does not
fecl this to be necessary at the present since regular reporting by the
Discipline Group should exert considerable pressure if an institution
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repeatedly admits students of a low standard.

Undergraduate-Graduate Relationship

Some consultants assert that each department should provide all

levels of study: bachelor's, master's and doctoral. Some go so far

as to say 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 students,
although at present the research activity is most easily carried on
through graduate programmes (page H-3). ACAP agrees with the positfon
stated by CODE and indeed applies it to all subjects, not only engineering,
but with the comment that in many fields 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 absence of sufficient
research and professional activity by professors would raise questions
about the quality of a department and hence of its undergraduate
offerings, whether or not it offered doctoral work.

Thesi{s Quality

Recommendation C6

It is recommended that all doctoral thesis examining committees
should have an examiner external to the university.

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

Critical Size

We agree with CODE that there must be sufficient range of interaction for
the student and that the judgement as to the presence of this interaction
must include consideration of the involvement of persons outside the
student's department and should include post-doctoral fellows and research
associates 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 school cannot provide as satisfactory an
environment as can a large school. The question is not one of principle,
but one of fact: does university A in fact provide the requisite environment
for interaction for the average student in its department X?

Most of the consultants considered this question carefully and made specific
comments but others provide no evidence that they examined the matter in
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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 number of students to make the courses economically feasible and
academically stimulating.

Mobility of Students

The chemical engineering consultants are concerned about the lack of
mobility of engineering students. They do not consider it a good
educational experience to study for all three degrees, the bachelor's,
the master’s and the doctorate, at the same university. Such a programme
leads to inbreeding and sameness and precludes any chance for the student
to come in contact with different faculty, students, miliep and methods.

One sometimes hears a professor accept this in theory, butbthen say that

in practice 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
proposals for making information on graduate work in all Ontario
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,

Part-time Programmes

In 1972-73, 18% of the doctoral students studying engineering were doing
so on a part-time basis., 657 of these students were Canadians and
another 32.57% were landed immigrants. It would appear that these part-
time programmes are being used by the profession to upgrade the skills
and knowledge of its practising engineers.

The consultants seem divided on the issue of part-time programmes, some
saying "such undertakings should be rarely encouraged" and others,
"full encouragement should be given to part-time doctoral programmes."
ACAP feels that there is a place for the part-time programme and that
careful attention should be devoted to designing part-time prog:ammes,
bearing in mind the strengths of the departments. One of the dangers
sometimes noted is that students become involved, under a part-time
supervisor, in a project in an area in which the full-time staff has
limited expertise; this is not recommended.
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Recommendation C8

It 18 recommended that at the present any part-time or non-resident
doctoral work should be by individual 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 exam....
existing university guidelines in this area.

Cooperat ion

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 between 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
interchange of credits for graduate courses are a few of the methods
listed by CODE that are to be encouraged on the way to making this
cooperation a meaningful and workable venture. ACAP concurs with the
statements made by the consultants and CODE and strongly supports their
implementation.

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

Faculty

Two sets of consultants found enough disquieting evidence in the engineering
faculties of the province to suggest that the requirements for a faculty
member, eligible to supervise graduate students, should be reviewed and
enforced. ACAP takes no position on whether or not there should be a
separate Graduate Faculty, but there must be a mechanism to ensure that

only those faculty with proven research ability and productivity

supervise graduate students.

Since this concern has been mentioned in other assessments, ACAP f-els
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 took 13-20 months longer to complete
his doctorate than his counterpart at another university. As a
whole, they found the average time of study to be excessive.

Recommendation C9

It is recommended that the universities report to ACAP (for
0CGS) each year on the time taken by each graduating student
to complete his doctoral studies.
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IV. UNIVERSITY RECOMMENDATIONS

Engineering was split into five separate assessments, one for each of

the five traditional fields of engineering. Two 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.

University of Western Ontario

The University of Western Ontario began to offer doctoral work in
engineering in 1965. Since then, twenty PhDs in Engineering Science
have been granted. From the beginning effort has been made to emphasise
its interdisciplinary nature and there has been a limited number of
areas in which the student may do his graduate training. At no point
has a doctoral degree been given in the so called traditional fields of
engineering.

There are seven main research areas in which a student may obtain a

PhD in Engineering Science. They are 1. Geotechnical 2. Boundary Layer
Wind Tunnel 3. Chemical and Biochemical Process Development and Design
4., Material Science 5. Systems 6. Applied Thermodynamics and 7. Applied
Electrostatics. Environmental engineering aspects can be studied in

all these research areas except Material Science.

Western's response to the collective engineering picture gives the 1973-74
enrolment 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
outlined were in the chemical engineering field, 8 were civil, 5 mechanical,
and 3 each in electrical and material science.

The chemical eagineering consultants have provided evidence of that programme's
being of good quality. The systems research area depends heavily on

chemical engineering. ACAP, therefore, concludes that the research areas
Chemical and Riochemical Process Development and Design, and Systems are

of satisfactory quality.

The metallurgical engineering consultants have recommended that the Material
Science programme become a part of an interdisciplinary programme rather
than an exclusively material science one. This was in part based on the
fact that the group is small and spends most of its time teaching at the
undergraduate level. They are '"carrying a large programme for a group which
is subcritical in size." From the additional material supplied by Western,
there is little evidence of interdisciplinary activity for students who
might be doing research in this area. ACAP concludes that this area should
not be operating at the doctoral level.
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The areas of mechanical engineering doctoral research work aré subsumed
under the main research area, Applied Thermodynamics. The consultants
indicate that the doctoral research connected with heavy water is of
good quality but they raise very serious questions about the doctoral
work in acoustics. They feel this area should be restricted to work at
the master's level.

The civil engineering consultants did not make comparative judgements,

but from some of the phrases used to describe the Boundary Layer Wind
Tunnel Laboratory such as "internationally known", ACAP has no reservations
in recommending continuance of doctoral work in this research area, even
though it appears to have little interaction with other groups. The

civil engineering consultants told us nothing about the Geotechnical

area and we, therefore, had difficulty in recommending a position to be
taken with regard to this field.

The last research area, Applied Electrostatics, is the most difficult to
assess. The electrical enginecering consultants have recommended dis-
continuance of the doctoral programme. They feel the students are

getting too nairow a training in electrical engineering. We observe,

however, that the students are not considered to be studying for a PhD

in electrical engineering, but rather for a general degree in engineering
science. Although there are only a few faculty members in this area, they are
internationally known. The main yroblem 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 of discussions with representatives of the University of
Western Ontario, it became clear that the Faculty is involved in a
thorough re-examination of its doctoral programme. It is committed

to the concept of an engineering science PhD but is reconsidering the
appropriate areas 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 beiieve that this intention of
the Faculty should be encouraged. A corollary is that it must be very
careful about the research areas in which it accepts PhD candidates; we
have already commented on these and note the standard of quality seems
variable.

These considerations have led us to formulate the following recommendation.

Recommendation (10

It 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
appropriate to accept students. In case a favourable appraisal
1s not obtained by October, 1976, admission of new students
should then be suspended.
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University of Windsor

Early in 1971, the Faculty of Applied Science at the University of Windsor
began to examine the structure of graduate programmes within the Faculty
in order to improve their operation, avoid needless and costly duplication
of graduate course offerings and to attempt to create a greater cross-
fertilization of research by involving faculty members from differenc
engineering departments in various facets of a larger research plan. This
examination led to the recommendation that Graduate Studies be operated on
a divisional basis, with the seven undergraduate departments being
consolidated under three graduate divisions, namely Engineering Process
Design, Structures and Systems. The three divisions would each elect a
chairman who would decide on course offerings and enrolment levels. The
three chairmen, one elected member from each division, one graduate student
and the Dean of Applied Sciernce form a Coordinating Committee to oversee
and coordinate the wishes of the Divisions. This plan was approved in
Spring 1972 and is now being implemented.

Some of the traditional departments such as chemical and electrical fall
completely in one division. All the rest are split between two as can be
seer. in the attached Table 1.

There are nine identifiable research areas, each of which have participating
faculty from at least two of the old departments and these nine areas are
in turn divided fairly equally among the three divisions.

The degrees awarded will retain the old titles, for example, a PhD in
Chemical Engineering, but the interaction of the individual student with
others in the Faculty will be greatly enhanced. Depending on his research
topic, the student might take as many as half his courses from professors
in other 'departments'.

The consultants' comments concerning Windscr vary, but a number of their
reports imply some doubt or uncertainty concerning the relevant departmental
programme, either with respect to thc situation at the time of their visit,

or in connection with its future direction. The chemical engineering
consultants suggest that Windsor be reviewed in greater depth. The metallurgical
engineering consultants recommend the integration of engineering materials
faculty in the new divisional system. The mechanical engineering consultants
call for more emphasis on master's work. In the case of electrical engineering
the consultants indicate that good work is now being done in doctoral education
in two fields, agree with the present plans for no significant growth in
enrolment and for no expansion of fields, and go on to recommend a review

after five years. ‘

In view of these considerations ACAP feels the University of Windsor should

be given time to produce a viable interdisciplinary system of doctoral
engineering studies before that system ls brought forward for appraisal. This
appraisal would determine the level of quality in the new divisional system
and whether or not significant interaction has been achieved between the

staff and students of the various departments.
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Table 1

Organization of Engineering Doctoral Work at the University of Windsor

a. % of Department Involvement in each Division
Department Engineering Process

Design Structures Systems
Chemical 100%
Civil 40% 60%
Electrical 100%
Engineering Materials . 50% 50%
Industrial 10% 90%
Mechanical 60% 40%

b. Departmental Research Interests
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Recommendation Cll

It is recommended that the University of Windsor continue the
reorganization of its doctoral 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 October, 1977 if a favourable
appraisal has not been obtained by that date.

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.
It also plans to develop doctoral work in agricultural engineering,
which it already offers at the mazter's level. There are no other
programmes in agricultural engineering in the province.

The matter of the interdepartmental programme would appear not to be

central to this assessment. It would not be inappropriate for the

Civil Engineering Discipline Group to keep this programme in mind

when carrying out the study called for in Recommendation C19. Nevertheless,
it seems unnecessary to await the Discipline Group report to make the
recommendation which follows.*

From the planning viewpoint, there seems no reason to d¢ 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 C12

It is recommended that 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 Universtty's plans,
subject to normal appraisal procedures.

* It may b. noted that COU did not accept Recommendation C19.
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V. CHEMICAL ENGINEERING

This section of the ACAP report will deal with the recommendatious found
in the chemical engineering consultants' report. There will be no
reference made to Western or Windsor since these two universities were
mentioned in a previous section. It is important that the consultants'
report and the university and discipline group responses be read at the
same time as this ACAP report.

Recommendation C13

It is recommended that 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 morc
stimulating environment for students.

Recommendation Cl4

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

McMaster specializes in process simulation, waste-water treatment, polymer
engineering, chemical reaction engineering 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"
and appear to be "achievable and productive".

Recommendation Cl5

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

The University of Ottawa specializes in three main areas including
thermodynamics and transport properties; kinetics, catalysis and reactor
engin:ering; and transport processes. There has recently heen a shift
towards a greater environmental emphasis. The consultants encouraged
Ottawa to keep up with changes in the areas of research and graduate
teaching and move into these new areas whenever possible.

Recommendation Cl6

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 bacheclor's graduates, and submit
the programme for appraisal at the time that the University
considers appropriate. If a favourable appraisal has no. been
received by October 1976, vnrolment of new students should be
suspended at that date.
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Queen's University specializes in the following five doctoral research
areas: biochemical and environment engineering, chemical kinetics and
reactor design, process control and simulation, thermodynamics, and
transport phenomena. These areas cover most of chemical engineering
making a rather uniform distribution of effort. The publication records
of only two professors are very good, all the rest being average or low.
This raises questions as to the activities of the faculty since their
connections with professional and scientific societies can be described
as "only mildly active". The consultants feel alarm at the number of
Queen's bachelor's graduates who undertake graduate work at the same
institution,

On the optimistic side, the consultants note that ''the very excellent
development planning and programme forecasting suggests that the
department's goals and future research activities will be relevant and
responsive to the prevailing needs of the province'.

ACAP suggests that Queen's might consider strengthening its present
faculty, or alternatively, it might consider consolidating its existing
wide scope of research areas. As to inbreeding of students, ACAP draws
Queen's attention to Recommendation C7.

Recommendation C17

It is recommended that the University of Toronto continue its
doctoral programme in chemical engineering according to its plans,
paying particular attention to Recommendation C7 regarding
mobility of its graduates and to Recommendation Cl3 concerning
grouping 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.

The University of Toronto lists eight areas of specialization, all of which
show a rather uniform distribution of faculty 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
policy of allowing a staff member "to select his own path'. The consultants
did not find Toronto's statement on its plans particularly helpful and they
offered no comment on it, other than to say that "it is doubtful whether

any increase above the present enrolment would be beneficial to these new
students or to the student body as a whole'. The University of Toronto should
also encourage mobility of its graduates to the benefit of other departments
and of the students alike.

Recommendation C18

It is recommended that the University of Waterloo continue its
doctoral programme in chemical engineering according to its planms.
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The University of Waterloo has grouped its research activity into five

areas including biochemical and food engineering, extractive and process
metallurgy, polymer science and engineering, mathematical analysis and
control, and transport processes and kinetics. The scope is wide,

covering a large part of chemical engineering but, there are defined

groups to coordinate the programmes. Although the consultants considered
the statement of goals and objectives '"less positive and definitive'

than others, they were pleased to note Waterloo's intention '"to ensure
research activities by the use of more post-doctoral fellows and hired
research assistants (non-degree candidates) if this should become necessary"
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VI. CIVIL ENGINEERING

The repgort of the civil engineering consultants contains a number of
important recommendations of a general character.

Their discussion of the manpower situation supports our Recommendation Cl.
They suggest that it would be wise to expect rather fewer students than
the totality of the stated university plans., Considering the uncertainty
of the manpower analysis and the size of the numbers involved, ACAP does

r - feel it desirable to formulate any recommendations about individual
enrolment. ACAP does advise each university to consider the likelihood
that the doctoral enrolment in civil engineering may fall still further
unless the fraction of Canadian students increases substantially from

its present level of about 257%,

Their comments that the ''study of a civil engineering speciality in depth
necessitates increasingly...some graduate work', reinforces our Recommendation
C2 concerning publicizing the value of graduate work.

They argue for more part-time work and closer liaison with industrial and
governmental laboratories. Recommendations C2 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 undergraduate universities,
often being unaware of offerings elsewhere. We make recommendations on
this 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 nake Recommendation C4 in this
connection,

On matters specific to civil engineering, the consultants stress the need

for more emphasis on fields other than structures. They call for less

stress on ''traditional areas, particularly structural engineering, and more
stress on multidisciplinary education, environmental engineering, and
transportation'. They suggest that 'change of programme emphasis in civil
engineering (will) lead to some growth in faculty when generally universities
are expecting a fairly static period". On pages A-49 and A-50, they quantify
this shift by asking for a 20% reduction in doctoral enrolment in structures
(i.e. a drop of about 15 students) together with a corresponding increase,
roughly equally in transportation and water resources. Perhaps rather
surprisingly they then suggest that no university should offer a new field

at the doctoral level. (On page A-52 they also suggest that no university
reduce ''the range of its doctoral programmes' but on page A-51 they add
"unless that university desires otherwise'.)

The consequence of this stance, based on pages A-25 to A-29, is summarized
in Table 2.
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Table 2
CIVIL ENGINEERING

Possible Consequences of the Consultants' Recommendations
on Enrolment and Field Emphasis

Fields
. Order of

Universities gz:;nical Structures ::Ezﬁrces Transportation :;sgiigi;enc
Carleton S R - . 1 6
McMaster - S 1 - 10
Ottawa S R 1 - 17
Queen's S R - - 8
To?onto S R 1 1 25
Waterloo S S 1 1

LEGEND: R - reduce enrolment
S - static enrolment
I - increase enrolment

NOTE: Guelph, Western Ontario and Windsor are not
included in the chart as they are dealt with
elsewhere. (See section on University Recommendations.)
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There are ¢ “ficulties in accepting these recommendations. For example,

if one asks what the shifts of enrolment from structures would be, to

total around 15, one comes up with something like: Carleton 2, McMaster O,
Ottawa 3, Queen's 2, Toronto 4, Waterloo 4. Looking then at transportation
one finds doctoral programmes at Carleton, Toronto, and Waterloo which mj- it
increase by 2 or 3 at each place. One has to ask if this is the best wa
to develop more high quality doctoral work. Would it be a better strategy
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 not, should

some be strengthened more than others? If we really believe in penny-
packet enrolments, could a fourth university perhaps enter this field?

The consultants' report provides no satisfactory discussion of these
questions to justify its proposals.

Equally unsatisfactory, and perhaps mo:e basically disturbing, is the
consultants' failure to give any discussion whatsoever (with three small
exceptions) of the facts and reasoning which led them to conclude that all
existing programmes are satisfactory. This may be so, but the rationale is
far from clear. As the appended correspondence (Appendix 1 to this section)
shows, the consultants decline to discharge their terms of reference, in
particular C3c 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 environment for a PhD student as a big school, the
consultants neither state the characteristics of such an environment nor

do they make any effort to show that it exists in the several small
programmes they examined. Although it is no doubt possible to make the
justification in several cases, nevertheless a question must still loom
unsettled as to the academic strength (from the potential students'
viewpoint) 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 departments are necessarily of suitable quality either.

ACAP cannot justify to itself recommending the acceptance of the consultants'
plan, calling as it does for static enrolment, small shifts of emphasis

in fields, and no new developments in any department. We feecl that the
question of the best way to develop doctoral work in transportation and
water resources 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 each university must be available
before we can make any credible recommendation.

ACAP would like, at this point, to draw attention to the Discipline Group's
response, Appendix B. The members of the group feel the consultants did

not "seize their unique opportunity to make quality judgements" and failed
to "address themselves to the question of quality in the planning function




in their conclusions and recommendations." The group thinks that a
statement that ''documents the sundry strengths and weaknesses, if they
exist, could well increase the value to those on whom the responsibility
for planning ultimately rests'". ACAP therefore makes the following
recommendation.

Recommendation C19

It is recommended that COU recommend the continuance of the
embargo on the funding of any new programmes in civil 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 particular
attention to the relative strengths and weaknesses of each
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 the
consultants state that they "have formed (their) own judgement about

the strengths of different civil engineering departments and the areas

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.




CIVIL ENGINEERING

APPENDIX 1

NOVA SCOTIA TECHNICAL COLLEGE
®, 0, 80X 1000
HALIFAX, N. 8.

21 February 1974

Professor M.A. Preston
Executive Vice-Chairman
Advisory Committee on Academic
Planning

Council of Ontario Universities
102 Bloor Street West

Toronto M5S 1M8, Ontario

Dear Professor Preston:

Further to our recent telephone conversations, 1 have
now heard from all my colleagues who fully agree with my
letter to you of 4 December 1973.

As mentioned 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
required 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 ; cograms offered by any school, including the
various areas of specialization of the smaller universit-
ies.

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
into an area which might be interpreted as an appraisal
or accreditation assessment.

Yours sincerely,

~ ;
(*gg}»~eg¥w&«o{.

G. G. eyerhof, Head

Dept. of Civil Engineering

1lb

c.c. J.L. Boulet
W.W. Eckenfelder
B.V. Martin
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NOVA SCOTIA TECHNICAL COLLEGE
P. 0. 80X 1000
HALIFAX, N. 8.

4 December 1973

Professor M.A. Preston
Executive Vice-Chairman
Advisory Committee on Academic
Planning

Council of Ontario Universities
102 Bloor Street West

Toronto M5S 1M8, Ontario

Dear Professor Preston:

After returning from the west coast, I found your let-

ter of 29 November and enclosures, which I 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 enqgineering doctoral pro-
qrams were found to fall below minimum acceptable standards.

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

Yours sincerely,

.

G. G. Meyerhof, Head
Dept. of Civil Engineering

1b

c.c. J.L. Boulet
w.w, Eckenfelder
B.V. Martin
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ADVISORY COMMITTEE ON ACADEMIC PLANNING
Ontario Council on Graduate Studies

o P COUNCIL OF ONTARIO UNIVERSITIES
P‘rf)fn‘.ss.u.r M'- A !lrkiqmn 102 Bloor Street West, Toronto 181, Ontario
Exccutive Vice-Chairman : (4161 906868

Postal Code: MSS 1M8

November 29, 1973

Mr. B. V. Martin

Prof. G. G. Meyerhof

Prof. W. W. Eckenfelder, Jr.
Dr. J. L. Boulet

Gentlemen:

I am enclnsing all the university comments we have received on your planning
assessment report and the formal response from the Discipline Group. You will
recall that it is intended to publish these statements.

You will see from the comments that there is considerable dissatisfaction in

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 different 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
reference you undertook is the statement of strengths and weaknesses of departments,
and that without it the report lacks credibility. If you are asserting that all
fields offered for doctoral work are competently dealt with wherever they are
offered, it will follow that civil engineering is a paragon amongst disciplines.
Even if true, it does not help the universities to decide which areas to strengthen.

In one of the few 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 expand or maintain that, or, when you recommend greater
emphasis 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
hydrology programme, how can it be exploiting its unique facilities for agricultural
engineering if its enrolment becomes 4 to 7? 1s it expected to cut back on hydrology?
To consider this, it would be necessary to know how valuable GCuelph's hydrology work
is and how substantial is the potential of its agricultural engineering programme.

I mention these points 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 department
and by area are important. You recommend that transportation be strengthened; we
ask, where? If all the departments say '"here", how are decisions about resource
allocation to be made without the quality judgements you were cxpected to give?

cees2/
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Oue of the aspects of academic quality has to do with the size of the student
enrolment. You will see from the university responses that there is some
difference of opinion. The official position of COU, recently adopted, is as
follows:

"The quality of graduate programmes is partly dependent on size, and for each
programme, depending on how it is designed and its scope, there is a minimum

size of enrolment below which quality .nay 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."

Recommendation 4 on page 52 of your report is not inconsistent with the above
statement, but you do not indicate what criteria determine the 'satisfactory
environment." 1In ACAP we have identified two areas which we believe should be
examined in this connection. One is the opportunity for the students' development
through informal intellectual discussion with a peer group with common engineering
or scientific interests. This peer group need not consist only of students; it may
also include post-doctoral fellows. It need not be confined to one department,

but may include students in other dewartments if there is a real sharing of research
interests. The second main area for consideration has, we feel, to do with graduate
courses. Assuming that a course with, say, 5 or 6 students who interact is a

much more satisfactory experience than one with 1 or 2 students, we see that the
desirable enrolment size is a function of course structure. If there were a
programme which did not require courses, this second criterion of size would not
apply. But if it is felt that students should take a substantial number of

courses ( 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 experience for the student, while other 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 each 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.

I hope you realize that we have a problem of reconciling the reports of the
consultants on the various engineering cisciplines. One report of which there
secms to be pretty general approval is that dealing with electrical engineering.
Of course not all its details are accepted by everyone, but the style and coverage
of the report has not been attacked. I enclose a copy, since it may make clearer
what I have been trying to say in this letter.

After you have had a short interval to consider the letter, I shall telephone
Professor Meyerhof to discuss the mechanism of your response. We need your assistance.

Yours sincerely,

£ A 4

. ’A/"..
A e 'ACZ;L

M. A. Preston

v
/’I( .

MAP/cew
Enclosures.
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VII. ELECTRICAL ENGINEERING

This section of the ACAP report will desl with the recommendations found

in the electrical engineering consultants' report. There will be no
references to Western untario or Windsor since these two universities

were mentioned in a previous section. It is important that the consultants'
report and the university and discipline group responses be read at the
same time as this ACAP report.

Recommendation €20

It is recommended that the Discipline Group annually identify
those areas of electrical engineering which they consider relevant
to the present and future needs of Canada and make their findings
available to the granting agencies and various associations of
industry in order to stimulate a continuing dialogue with industry.

Other Disciplire Groups might also considar this recommendation.

" Recommendation C21

It is recommended that Carleton University continue its doctoral
work in electrical engineering according to its plans.

The work in electrical engineering at Carleton is divided into two departments,
Electronics and Materials Engineering which includes 8olid state device
electronics, circuits and circuit theory, microwave electronics and electron
beam systems and processes and the Systems Engineering programme which
concentrates on .nformatior systems such as communications and signal
processing, decision and control, digital systems desigi and software
"engineering. The coverage within these two areas is well integrated,
coordinated and appropriate for PhD training. The enrolment increase proposed
by Carleton is within the competence and capability of the present staff.

Recommendation C22

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

McMaster has outstanding strength in three areas of graduate research and has
plans to strengthen a fourth. These are communications and data processing,
modelling and design, materials and devices and, lastly, medical electronics.
The electrical engineering programme at McMaster is of high quality, with a
productive and dynamic faculty.

Recommendativn (€23

It is reccmmended that the University of Ottawa continue to offer a
doctoral programme in electrical engineering rastricted to theses in
digital communication systems and large-scale systems. This

limited programme is to be appraised as soon as possible.

Enrolment of new students should ccase as of December, 1975 if a
favourable appraisal has not been obtained.
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The department at Ottawa specializes in three areas, communication systems,
control and systems, and computer engineering. With a faculty of 11, the
consultants felt that they were spread over a rather large area of electrical
engineering. A small department with a small number of staff and students
can operate an effective doctoral programme only with competent professors,
complementary fields of study and an adequate research environment. The
consultants recommenr discontinuing the programme. ACAP has considered both
the consultants' report and the university's comments and has concluded that
Ottawa has a contribution to make to graduate electrical engineering study

in operating a specialized programme of limited scope and enrolment,

Recommendation C24

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 department maintain
enrolment at its present level.

The areas of specialization at Queen's are communications, systems,
electronics, and energy processing. The ~onsultants state that the vork
in communications is good but is only fair in systems, and that the
Department should not offer a programme in the latter two fields on a
regular basis. However, we suggest that an occasional student be allowed
to do a thesis in one of these fields. ACAP accepts the consultants' view

about enrolment which was made on academic grounds, not for planning
reasons,

Recommendation (25

It is recommended that the University of Toronto continue its
doctoral work in electrical engineering according to its plans.

Graduate work at the University of Toronto covers seven areas including
communications, computers, control, power devices and systems, solid state
electronics, wave sciences, and biomedical electronics. The coverage of
these fields is more than adequate and Toronto's ''star-studded' faculty
are spread over the seven areas indicating significant breadth across the
department. The consultants conclude that the Toronto department compares
favourably with any of the major institutions in North Amerlca.

Recommendation C26

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

The University of Waterloo concentrates in five major areas including

computers and communications; control, systems and networks; devices, circuits
and materials; power engineering; and, antennas and electromagnetic

engineering, There are two minor fields, bioergineering and electroacoustics,
and these fields should be limited in size to the present level of activity.
With Waterloo's highly competent faculty and well-equipped facilities, there

is no question that the enrolment level planned by Waterloo can be accommodated.
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VIII. MECHANICAL ENGINEFRING

There are a number of general recommendations and comments made in the
mechanical engineering consultants' rcport that are aimed at the system
as a whole. Recommendations for the individual universities follow this
more general section. i

The mechanical engineering consultants do not anticipate any oversupply of
mechanical engineers. They believe no "artificial edict" is necessary to
control the number of Phus. On the contrary, they suggest the problem
will be one of availability of good students. The consultants think

that Ontario might, in fact, have a shortage of mechanical engineers.

"Traditional classical' versus "applied" research projects and a shift in
emphasis of study are the next problems attacked by the consultants. They
feel that the doctoral education of today should shift more towards project
and design activity. To this end, they advocate increased dialogue and
cooperation 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 environment, it is apparent that there are many gaps in the knowludge
which should be attacked systematically to provide the basic design data

which is essential to advances in engineering and advances generally in
technology on the broad front". The consultants also recommend a change in
emphasis in fields of study. Some areas of research that need to be developed
are listed on page A-1l4.

The consultants do not condone departments that attempt to be good in all
fields. They feel specialization is the key and that "considerable selectivity
{s required in the choice of a particular area of concentrated effort". This
choice of areas of concentration should be left up to the universities. ACAP
agrees with this outlook 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 consideration.
After this time, the Discipline Group, in its normal role, would continue to
consider the development of new areas of graduate study and the possible entry
into neglected fields in mechanical engineering in Ontario and would make
recommendations to ACAP where change is desirable.

Another problem the mecharital engineering consultants addressed was the one

of faculty age. Since the wntario universities have been through an expansionary
period in the sixties, a large proportion of the faculty is below 45 years old,
consequently lacking something in maturity and industrial experience., The
consultants feel that although the retirement: in the next several years will

be few, the universities should take these opportunities to introduce new blood
by appointing faculty with industrial experience.

It is important that the consultants' report and the university and
discipline group responses be read at the same time as this ACAP report.
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Recommendations

Recommendation (€27

It is recommended that 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 stronger development of foci of interest in the special areas
of strengths siggested 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.

The Mechanical Engineering consultants, in their addendum, give valuable
suggestions for focussing research activities in each department. These
suggestions appear to be based on both planning grounds and grounds of
academic quality, but alternative research foci may not be ruled out.
Consequently, ACAP recommends that the three doctoral programmes continue
but that each university note the consultants' comments and report on
progress in a year's time.

Recommendation C?3

It is recommended that, if th~ University of Ottawa wishes to
reactivate a doctoral programme in mechanical engineering, it
give careful consideration to allowing some further maturing of
the department before applyiug for appraisal.

The consultants, in their remarks concerning the University of Ottawa,

page A-17, recommend that the work in the Mechanical Enginearing Department
be incorporated in an interdisciplinary programme leading to an undesignated
PhD degree. ACAP notes the university response, page C-14, which states that
they wish to "reactivate" the doctoral programme, before discussion of this
new proposal. We do not at this time make a recommendation on the future
form 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 reservations about
the suitability of a number of the research prcjects of the department and
about the limited industrial experience of its staff members.

lecommendation C29

It is recommended that the University of Toronto continue its doctoral
programmes in mechanical engineering in its Department of Mechanical
Engineering and the Department of Aerospace Studies and Engineering.

ACAP suggests that the University consider the consultants' recommendation
of a greater conceantration 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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We draw the attention of the University of Toronto to the consultants'
suggestion that the Department of Mechanical Engineering concentrate
research on problems of major, national concern. UTIAS should note the
consultants' comments on the need for selectivity within the broad
spectrum of the expertise of the staff, in such areas as plasma science,
low density gas dynamics, subsonic aerodynamics, flight dynamics,
shockwave phenomena and noise. The consultants also favour increased
interaction with work in related fields on the main campus.

Recommendation C30

It is recommended that the University of Waterloo continue its
doctoral programme in mechanical engineering. ACAP suggests
that the University 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 tliruugh ACAP, during the Fall of 1975, of
any decisions taken.

ACAP rotes the consultants' suggestion that the department concentrate

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 desiiable.

The University of Western Ontario and the University of Windsor have not
been discussed here, since there is no need for any recommendations in
addition to those in the section on University Recommendations, page 20.
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IX., METALLURGICAL AND MATERIALS ENGINEERING

This section of the ACAP rveport will deal with the recommendations found

in the metallurgical engineering consultants' report. There will be no
references to Western Ontario or Wiidsor since these two universities

were mentioned in a previous section. It is important that the consultants'
report and the university and discipline group responses be read at the
same time as this ACAP report.

Recommendation C31

It is recomme¢nded that the universities take note of the consultants'
recommendations 1, 2, 3b and 3c, dealing with the weakness in certain
fields of study in the province and that the Discipline Group report

to ACAP on any action taken in consequence of these reommendations.

The consultants find it surprising that there 1s so little effort in the
ceramics and glasses fields of study. Even more striking to them is the
absence of any work in polymers in the Departments of Metallurgy and Materials
Engineering. 1In their first few recommendations, they consider it very
important to rectify these neglected areas and ACAP feels this is a job for
the Discipline Group. They also feel it is important to strengthen already
existing areas of study and in particular create at least one internationally-
known centre of materials science activity.

Recommendation C32

It 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 a report in the fall of 1975 on the following suggestions for
improvement:

a. recruitment of students with physics and chemistry
backgrounds

b. strengthening of the extractive metallurgy faculty
C. collaboration with Toronto

The materials science programme at McMaster is considered by the consultants
to be the best programme of this kind in Ontario and probably in Canada. It
is the only programme that covers adequately the basic science related to

all classes of materials including polymers. The enrolment could be easily
doubled without developing the need for any significant increase in resources
allocated to the programme, but enrolment, here, is limited as in so many
other areas of engineering, by the number of qualified students.

The extractive metallurgy programme, although not as strong as the materials
sclence one, provides very suitable research for the doctoral thesis. The
range of the programme is, however, inadcquate but cooperation with other
McMaster Departments and with the University of Toronto will greatly enhance
the operation of this programme.




~40-

ACAP suggests that McMaster consider the points put forward by the
consultants and that the university report to ACAP on any action taken
with regard to these recommendations.

Recommendation C33

It is recommended that Queen'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 replace 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. 1If 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 1ls not obtained.

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 recommenu 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 inanequate in its present form,

with too small a range of courses, too limited an amount of research

activity, and ineffective interactions with other departments and programues.
But the consultants feel it is necessary to strengthen and develop this lield,
to provide the needed PhD graduates and maintain Queen's part in a history

of leadership in Canada in mineral engineering, geology and related fields.

The enlarged programme of extractive metallurgy is envisaged by the consultants
to cunsist 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.

Recommendation C34

It is recommended that the University of Toronto continue its
doctoral programmes in its Department of Metallurgy and Materials
Science. It 1s suggested that Toronto give careful consideration
to the consultants' rocommendations concerning broadening the
programmes and it i- recommended that the University report to
COU through ACAP L, September, 1975 on any progress made in this
direction.

Toronto has an international reputation for i{ts graduate work in extractive
metallurgy. However, the range of courses is limited; this situation could
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be improved through cooperation with McMaster. The consultants feel this
would provide a good base from which to develon a programme in mineral
engineering and extractive metallurgy and they advise the university to
do so. '

In addition to those who work in extractive metallurgy there is another
group of professors in the department who describe their work as physical
metallurgy and materials research. These people working with added
specialists in polymers and electrical and optical properties of materials
would form a group capable of mounting a substantial programme in materials
engineering.

Recommendation C35

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

Waterloo has no specific programme in materials and does not offer a PhD
labelled as metallurgical engineering or any allied field. Instead, students
are trained in extractive metallurgy in the Department of Chemical Engineering
and there is a group of metallurgists and materials scientists in the
Mechanical Engineering department. The consultants felt their effort was

of such high quality that 1if this group were constituted as an administrative
unit, they would be the strongest and most comprehensive graduate programme
in materials engineering 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 administration and

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

no doubt, consider the consultants' suggestion.




X. MINING ENGINEERING

Queen's University offers the PhD in mining engineering. This is unique
in the province. Although the enrolment is small, the programme appears
to fill a distinct need. The University projects no enrolment increase,
showing only 4 students in 1977-78.

Mn the basis of the statement of future plans made bv the Universityv, we
recommend:

Recommendation C36

It is recommended that Queen's University continue its doctoral
work in mining engineering in accordance with its plans.
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 XI. INDUSTRIAL ENGINEERING AND SYSTEMS DESIGN

This section of the ACAP report will deal with the recommendations found

in the industrial engineering and systems design consultants' report,

It will contain recommendations on the Universities of Toronto and Waterloo.
ACAP suggests that the University of Windsor take careful note of the
recommendations made in this consultants' report but at this time ACAP
makes no specific recommendations on doctoral work in industrial engineering
at Windsor since it is part of the earlier Recommendation Cll1.

The general recommendations in this report echo many of those found in the
carlier consultants' reports. These consultants' estimates of manpower
supply and demand closely follow those made by the other consultants and
are discussed more fully in tl.. second part of this ACAP report. Related
to this is the need to increase the Canadian content in engineering
programmes. Recommendationd Cl and C3 refer specifically to these two
points.,

ACAP notes that the universities do not consider the establishment of

a4 co-ordinating committee to be very important. We hope that talks are
normally taking place between the three departments and that they wili
continue. ACAP feels there 1s no need to set up a formal Discipline Group

to ensure discussions but 1f those concerned wish tuv do so it can be arranged.

Again, as in the other consultants' reports there is seen to be a need to
circulate information to the student concerning the various programmes in
order to ensure he sclects 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.

Recommendatior C37

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.

ACAP 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 approximately 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
Appralsals Committee to determine whether or not an appraisal is necessary.
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A review of the enrolment expectations would be made at that time.

For the present, a continued output of 3 or 4 PhDs a year should 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

students and falling enrolments. It should be noted that the University
of Toronto has maintained a high percentage of Canadians in its industrial

engineering programme in comparison to other engineering programmes both
in the University of Toronto and elsewhere,

Recommandation C38

It is recommended that the University of Waterloo continue 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,
its "soft" course content and the quality of recent staff appointees.
Despite the possibility that enrolments may increase in this field and
despite the comments from the University, ACAP considers that Waterloo
should give careful attention to the consultants' recommendations for
strengthening the programme before increasing the enrolment.
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PREAMBLE

Chemical enginecering, although one of the younger of the founding engi-
neering disciplines, has exerted a major beneficial impact on the material
wvell=being of mankind. In contrast to the other engineering disciplines
such as civil,mechanical, electrical, etc., chemical engineering is based
more broadly on the science of chamistry and equally broadly on the sciences
of physics and mathematics. As a consequence, a chemical engineer has a
unique element of flexibility or competency hecause of his knowledge of
chenistry and how to apply it on a large scale to effect and control the
chenical change of matter, By keeping abreast of advances in chemistry,
the chemical engineer is able continually to apply these advances for the
benefit of mankind. Prior to the present era of concern for and protec-
tion of the environment, chemical engineers contributed principally to
industrial and economic growth through the development of new products, and
the development of processes for manufacturing these products. Equally
important has been the chemical engineer's role in improving and making
more efficient existing processes as the fundamental chemical and physical
phenomena of these processes became better understood.

To understand the reasons for the success and contributions of chemical
engineering certain vitally important facts must be recognized. The con-
. tinued contributions of chenical engineering to the economic growth of
Canada have occurred because research in chemical engineering in the
universities has been productive a) in terms of industrially useful re-
search results and b) in terms of the education of students at the PhD
level who, because of their education have carried their skills and results
of research into industry, It is not difficult to argue, therefore, tha*
an adequate source and a continuing flow of PhDs in chemical engineering
is as essential to the future of Canada's development as any of the other
natural resources of Canada. Chemical engineering will be a primary tool
to nelp solve many problems of society, sume of which will be in the field
of energy, recycling of wastes, resource management, product safety, etc.

The proposition that chemical engineers trained at the doctoral lavel are
essential to Canada's future industrial and societal needs seems obvious;
it may not be as obvious that excellence in undergraduate engineering
education can he maintained only if strong graduate research programmes
exist to serve as the fountainheads for the continual flow of new know=-
ledre and theory into curricula and courses. Professional engineering
achools whose programmes have broad scientific bases must have PhD level
graduate~research components with quality facultv, funds, and facilities.




l. INTRODUCTION

1.1 Origin of Study and List of Departments

This report arises from the neneral review of PhD programmes in Ontario
universities beiny undertaken by the Advisory Committee on Academic
PMlanning (ACAP) of the Council of Ontario Universities. The rerort deals
with the proframmes leading to the PhD in the Chemical Engineering
Departments at:-

Metaster University
Universitv of Ottava

Queen's University
University of Toronto
University of Waterloo
Universitv of Western Ontario
I'niversityv of Windsor

This report looks at the scope, nature and quality of the PhD progranne,
the tvpe of student it attracts and the emplovment prospects on praduation.
Recommendations are made regarding the future of these proframmes in view
of the concurrent discussions regarding the place and need for such pro-
rrammes in Ontario hirher education.

The consultants first assembled in Toronto at the end of Mav, 1973, for
rrelininary briefing, initial studies and conversations with the discipline
~roup, convosed of the seven department chairmen. On-gsite visits to the
various universities took place in July, Aupust and earlv September. The
craft report wvas asserhled and completed hefore “Movember st and submitted
te Professor !1.A. Preston, Fxecutive Vice-Chairman of ACAP, for transmission
to members of the discipline proup for oral response which took place at a
joint meetine with the consultants on llovember 9, The final report was
submitted on the same day.

1.2 Consul tants
The team of consultants consisted of:

PMierre Grenier, NDoyen de la Facult€é des Sciences, Laval 'niversity,
Nuebec City, Nuebec,

v, Robert larshall, Dean of the College of Engineering, Universitv nf
1{sconsin-!adison, Wisconsin.

Leo Yaffe, 'lacdonald Professor of Chemistry, 1cGill Universitv,
‘fontreal, Nuebec.

NDetailed curricula vitae can be found in the Appendix,

1.3 t'ndus Operandi for Visits

Tie following Nenartments of Chemical Fnpineerinp were visited bv all of
the consul tants for the Period of time liated:




‘cMaster University 1} days
University of Ottawa I "
Queen's University 1 "
University of Toronto 2 "
University of Waterloo U
Universi.y of Vestern Ontario 2 "
University of Windsor ) S

Yhile the order of events varied from university to university, yet a
typical visit included the following:

(1) Discussion with the chairman on departmental policies reparding
graduate work.

(2) Discussion with departmental officers concerned with graduate
student admission policies and procedures.

(3) Discussion with staff members reparding their individual research
interests as thev concern graduate students.

(4) Visit to research laboratories and inspection of facilities.
(5) visit to computer, workshons and library facilities,
(6) Informal discussions with PhD students (in absence of staff

members, with one exception),

(7) Discussion with Dean of Engineering, Dean of Graduate Studies
(or Vice-Fresident i/c Resnarch or Provost, etc.).

rach department supplied to the consultants, through ACAP, the following
data:

(a) 5-Year Plan of the Department (approved by appropriate officer
in the university) for PhD work.

(b) List of nresent faculty and detailed curricula vitae, as of
‘lovember, 1972.

(c) Numbers of faculty, master's students, PhD students, and
post-doctoral fellows (1968-69 to 1972-73),

(d) NDeprees held by faculty and country obtained.

(e) Distribution of faculty by age.

(f) NRC, DRB, MRC and other operating prants,

(=) ‘jumber of PhD thesas supervised by individual faculty.

(h) Detailed description of research interests of farulty,




(1) Numbers of undergraduate degrees awarded from 1967-68 to 1971-72,

(1 Countrv where first desree was obtained for master's and PhD
students (1968-69 to 1972-73),

(k) Curricula vitae of some PhD students,
(1) Sources of financial support for praduate students.
{m) Length of time for a student to obtain a PhD degree, 1969-70

to 1972-73,

(n) Emnloyment survey of PhDs, 1968-69 to 1972-73,

(o) Major departmental equipment (costing more than $5,000),
(n) Many reprints of research publications.
(n) On request, détails of praduate student applications (numbers,

origin, initial rejections, numbers of application forms sent
and returned, acceptances, no-shows, etc.).

(r) On request, evaluations of theses by external examiners,
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riven to them in all of the departments visited., A great exnmenditure of
time and enersy on their part was obviously necessary, prior to and durine
the visit, This made the visits very profitable and for this the consult-
ants are prateful,
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2, SUMMARY OF GENERAL EVALUATIONS

2.1 Scope of Chemical Ingineering

Chemical enpineering has generally heen described as the anplication of
the physical sciences to nroduce, economically for the benefit of mankind,
materials and products from nrocesses involving chemical or physico-
chemical change. However, the scope of chemical engineering has broadened
during the past decade as a result of the rapidly prowing problems of
society and hence the chemical engineer in the next decade not only must
apply his knowledge of the natural sciences but must utilize knowledge

of the social and behavioural sciences. Thus, chemical engineering is
entering a new realm wherein manifold societal values coupled with a
linited ranpe of presently-known technically feasible alternatives result
in the decision-making processes becoming exceedingly complex. Because

in neeting social demands present technology may not be sufficiently
advanced, the need for research to develop new technical alternatives is
clearlv anparent.

Nnly by understanding as completely as nossible the scope of chemical
engineerinn, both now and in the future, can a nrocess or a programme

for the education of chemical engineers be wiselv developed. Hence, it
is essential to evaluate existing and planned programmes of education,
especially those at the PhD level, in terms of a rational frame of refer-
ence.

2.2 Objectives of the PhD Propramme in Chemical Ingineering

Inasnuch as the ohjectives of the nropramme are concerned, the key concent
is certainly a forn of "advanced training in problem-solving" in a con-
stantly widening field which was traditionally limited to the chemical

and nrocess industries hut now encompasses important aspects of the environ-
nent, of energy conservation, of resource manapsement and development, etc.
This concept is universally accepted, as a valid objective either implicitly
or explicitly in all the Ontario departments.

The method by wvhich this is carried on is really a -‘odern form of apprentice-
shir in which the interaction between the student and his supervisor is the
clerment of paramount imnortance. This has to be complemented however by
acauisition of deeper knowledse in some specialty throupgh formal teaching

and bv interaction with an intellectually stimulating sroup of fellow
students and faculty members.

ofome of the essential components of a frame of reference for a PhD
nrorramme evaluation should then be:

(a) Ph) research should have a chemical enpineerinp character and
objective.
(b) The research should have not onlv immediate but also long-range

rclevance to the extent the latter can be predicted.




() All modern tonls for sienificant research should he availahle.

Thev include modern computers, libraries, shops, and other
related services,

() Viahle relationships should exist amonp the research nroprammes
and their roals, the facultv, the students and emnlovers or
cnatomers for the PhN chemical enaincer,

2.1 Chemical Tneineering va Chemical Fngineerine Science

in contrast to the situation in the various discinlines of pure hcience,
where research associated with doctoral studies is almost invariablv of a
fundamental nature, additional research avenues are open to chemical enpi-
neerine praduate students hecause of the very nature nf eneineering whose
aeneral purnose is 'to make' rather than 'to find'. Vh:: -er these avenues
are called = applied or mission-oriented research, devel.-. -at or desien =
they renresent hard-to-define and overlapnine realities,

ring the last quarter of a centurv, a hodv of knowledpe, snecific to
cherical ennineerine, has developed in areas such as transport phenomena,
reactor desien, modellins and simulation, etc; these areas are fundamental
and can he moat appropriatelv classified as chemical enpineering science.
Research has heen and continues to be needed in manv of these areas to fill
to ran between existing knowledge and applications,

In Ontario as well as in the rest of Morth America, chemical eneineerine
facultv have deploved by far the larcest part of their research activities
in chemical eneineerine science, This is not surnrising, considerine the
nolicies of the most imnortant grantine agencies serving the universities
and the emnhasis put on scholarly work vhich will lead to the diffusion of
knowledee throneh publications in scientific {ournals as a reauirement to
a succesaful universitv carecer,

llowever, such research orientation plus universitv policies have caused a
serious nerlect of the more 'encineerinp' aspects of chemical enrineerine;
e.Psy the production of materials, desipn of processes and couipment, svn-
thesis of svstems, the imnrovement of the qualitv, reliabilitv and effi-
ciencv of nrocesses, safetv, etc.

The advent of new grantine nroerammes, mostly of the mission-oriented tvne,
should heln to restore a more suitahle balance between fundamental enpi-
neerine research and research concerned with annlication and desisn in the
universities. In the Ontario departments of chemical engineerine, trends
in this direction are ‘alreadv clearly evident., These trends should be en-
couraced bv povernment, industry and supported bv the university,

2ot Coverare of Field hv Ontario 'niversities

In veneral, hoth research and the doctoral nrosramme in chemical cnzineerine
are well develoned in Ontario.

Althouel, there are now in all departments efforts to croup researchers
into definite areas, the nresent situation is the result mostly of the




individuals' initiative. According to the C.S.ChE method of classifying
research areas, (see Section 6.14) the field of chemical engineering, at
least as far as fundamental research is concerned, is very well covered
in Ontario and, to a variable extent, in the majority of the individual
universities themselves.

I1f a decision were made to coordinate research efforts by assigning
selected areas to selected universities, this would mean major shifts
of emphasis for many faculty in the majority of departments and would
disrupt the research activity rather seriously, at least for the tran-
sition period.

There is room in the Ontario system at the present for more activity in
annlied research and development.

2.5 The Job ‘larket and lieed for Prosrarmes

One of the most precarious and hazardous endeavors of surveys and fore-
casts is the prediction of engineering manpower needs. Examples of
inaccurate and misleading forecasts are numerous, and it is difficult

to assess the damage to national needs and economies created by such
erroneous forecasts. Probably the most damagine results from erroneous
manpower surveys are on the careers of young people who believe implicitly
in the accuracy of the forecasts and proceed to make career decisions which
may not be their preferred choice. Fven at this period in time, students
are witnessing a compl:>te reversal of the predictions of the past three
vears that there will be a scarcity of jobs for engineers in the next
decade. Thus as we observe, as a result of these forecasts, dramatic
reductions in engineering enrolments, at the same time we also observe
that, in fact, a serious shortare of engineers can occur during the next
five years.

Survey specialists have vet to develop reliable forecasting techniques.
They must improve their abilities to recognize that new engineering and
technological developments and societal demands have, and will continue

to make forecasts of manpower needs highly uncertain. We need only cite
as examples the developing engineering career opportunities in medicine,

in environmental control and regulation, and in safety, risk and insurance,
to underscore the uncertainties in forecasting the needs for profession-
ally educated manpower.

Accordingly, the evaluations of the PhD programmes in chemical enpineering
by the ACAP consultants were only mildly concerned with the question of

the job market for PhDs in chemical enrinecering. A general assumption

was held that the PhD chemical engineer by virtue of his education possesses
such a powerful potential for career onportunities in a variety of fields
that the question of the job market was not too relevant to the assessment.

2.6 Role of Chemistry Departments

The essential differences between chemistry and chemical enpineering are
well recopnized. It surely is a truism however that chemistrv must play




a unique role vig-i-vis its enpineering counterpart. The importance of

a rood chemistry department in a university which expects a pood chemical
enntineering department cannot be over-stressed. In addition pood inter-
action between such departments is essential., It is distressing to see
how few such scholarlv interactions exist, as was found during the tour
of the Ontario universities.

Some chemistry departments are exccllent by international standards,
Jdevertheless very little attempt is made by the chemical enpineers (and
vice-versa) to avail themselves of these talents, even though in many of
the chemical engineerine denartments visited, the research work not only
is indistinpuishable from that done in chemistry departments, but is often
nublished in chenistry journals!

Good interaction was howev.r, in general, found at the teaching level,
‘ost of the basic chemistry courses are tausht by the chemistry departments.
In some cases concern was exnressed that courses are not feared to engi-
neers, but dissatisfaction appeared to be at a low level. The notable
exception is at the University of Toronto where the interaction between
these departments is so small that, apparently for historical reasons,
virtually all the basic chemistry courses taupht to enpineers are tausht
by the Department of Chemical Fneineerine and Anplied Chemistry. Although
nany teachers of these courses were initially trained as chemists, they
have long since ceased to rub shoulders with fellow-chemists. This seems
to be a rather serious academic nroblem at Toronto, especiallv since a
very hizh percentage of the PhD students obtained their first degree at
Toronto. Surely it would be salutarv to have chemistry taught to the
students from several view-roints! The situation can be exemnlified by
the fact that even those engineerinn underpraduate students who change
their final roal to medicine or dentistrv are taupht auxiliary organic
chemistry not bv an orpanic chemist but by a chemist in the Nepartment

of Chemical Enprineering and Applied Chemistry.

2.7 Imployment Prospects

Detailed 1lists of tvne of emplover and peographical location of nositions
taken by PhD praduates as their first job after praduation since 1969 are
shovn in Tables x.10 (where x refers to the code number allocated to the
university department). Uith very few exceptions rositions were availahle
for these PhD students on fraduation. The survev of the situation as of

Tanuary 1, 1972, shoved little chanpe in the positions occupied by these
clhiemical enpincers.

Thus, at the present rate of praduation of PID students, job onportunities
should not be an influencins factor in anv decistion.
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RECOICIENDATIONS

the basis of their findings and conclusions the consultants recommend:

That, if indeed a suitable basis for planning the development of

PhD proprammes in Ontario universities were found, such nlanning
should be done separately for the various individual branches of
engineering (e.g. chemical, civil, etc.) rather than for engineering
as a whole;

That, considerinp the length of time required to establish a high-
quality PhD programme, no short-term considerations should be
involved in any planning;

That the PhD programme be regarded as an integral part of the total
educational process in chemical engineering, and by its presence
strongly influencins proararmes at other levels in a riven
university,;

That no universitv havine a bachelor's and a master's proframme
be prevented nermanently from offerine a doctoral propramme;

That because no evidence of major overproduction of Phhs in
chemical engineering in Ontario exists, the total population of

PhD students in the province as forecast and desired by the
departments not be reduced significantly during the next five vears:

That, considerinp the decreasins numbers of Canadians repistering
in PhD programmes in chemical engineering, aporopriate steps be
taken to inform:

1) potential candidates of the value of a PhD depree in many
phases of povernment and industrial activities, and not only
in research and development;

2) employers, both in government and industry of the premium
value of the chemical engineer with a PhD in many phases
of their activities in addition to research and develop-
ment; :

That, PhD nrogrammes in addition to the usual scholarly foals,

have as one of their aims an effort to develon entrepreneurahip
{n students since this is a quality so badlv needed at present

in Canada:

That, since there is never a valid reason for producing a second-
or third-rate PhD, no student be admitted into the graduate
training pnropramme, either at the master's or the PhD level,
unless that student has obtained in undergraduate training, the
equivalent of at lecast a B level;
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9. That there be established a Post-FEntrance Acceptance Committee
(PEACE) composed of representatives from all the chemical engi-
neerinpg deprartments engaged in PhD education; and that this
committee meet within a period of less than one month after the
academic year has commenced, and that all acceptances be reviewed

 —— AP = b=t =

That, should it be found that students have been accented who,
in the opinion of this committee, do not fulfil the minimum
requirements, the committee advise the Council of Ontario
Universities that a recommendation be made to the requisite
authority supresting no Basic Income Units be awarded for that
student;

10, That, either in the financing of PhD proprammes or by other
means, the Covernment of Ontario take stens to stronply encour=-
age mobility among the graduates of the universities of the
province so that a fair portion of them take higher deprees at
universities other ttan at the one which awarded them their
bachelor's degree:

11. That efforts be continued in the departments to group research
activities in well-defined areas so as to establish or reinforce
teams, thus providing a more stirmulating environment for the
students;

12, That PhD programmes be the responsibility of only those staff
members who have a proven or potential satisfactory research
productivity and capability of supervising students; and

That consequently, universities adont and publish policies which
confirm the provision of equally valid career opportunities in
other areas of university activities such as teaching, student
guidance and administrative duties, for those professors who
have no special inclinations to participate in PhD programmes;

13, That the case of a department which during the next five years
has not maintained an average ambient population of at least
ten PhD students of the caliber specified in recommendation 8,
be reexamined by the appropriate authorities with a view to the
temporary suppression of the PhD programme:

14, That the department at the University of Toronto, whose high
standards are so well known, make every effort to see that
these standards are disseminated throupghout the Nntario system
by recommending to many of its best underpraduates that they
take their PhD traininp at another Nntario university: and

That efforts be made to attract stimulating students from other
chemical enpineeriny departments to take their place;
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That the department at the University of Toronto pay particular
attention to recommendation 11; '

That ih addition improvements be made to stimulate general
students' interests by more seminars, regularly scheduled
praduate courses, etc;

That the case of the department at Queen's University be given
particular attention by ACAP in the light of recommendations
3, 12 and 13;

That the case of the department at the University of lindsor be
piven particular attention by ACAP in the light of recommendations
2 and 3, and in consideration of the present excessive number of
departments of chemical ensineering in Ontario; and

The+ this case be investirated in greater denth than the present
studvy has allowed:

That, in the event of any action taken with repard tc the present
recommendation and recommendation 3, very special consideration be
piven to all aspects of the relocation of staff members who in

tne opinion of the consultants, are the responsibility of the
Ontario university systen.




4, CHEMICAL ENGINLERIMC AS A DISCIPLINE

4,1 Traditional Concepts

Chemical enrineerine heran with a stronp emnrhasis on annlied chemistrv.
In its earlv vears, chemical enrineers developed unit operations as a
basis for chemical enpineerins education and practice. The concept of
the unit operations is unique with chemical engineering. It was recognized
that chemical engineering processes and the process industries had de-
fineble operational steps which could be aquantitatively described as unit
onerations. The unit orerations served auite adeauately as a hase for
chemical enpineering education and the process industries for manv vears.
lleat transfer, dryinp, filtration, mixing, evanoration, particle size
reduction, ahsorption, distillation, and other unit operations were the
foundation stones for chemical engineerin: as a discipline and the unit
operations were synonymous with chemical enpineering un to the end of
Yorld War II.

4,2 New Developments

Durins: the two decades after V'orld Var II, chemical enfineerinp besan
moving away from the unit operations as its fundamental educational
nlatform to a more scientific rationale for education in chemical enpgi-
neerinp. ‘hile it was still recognized that chemical manufacturing
processes were composed of chemical reactions and unit operations, the
sciences underlying these operations bepan to receive intense study
throurh research in chemical enpineering in both the universities and
some industries. As a result, new insiphts and approaches were developed
to problems involving the separation processes - the hallmark of chemical
enrineering. Thus chemical engineering research produced a rational
approach to heat, mass, and momentum transfer and pgave these processes

- the general title of the transport processes. Alternate titles have
been transfer processes, and transport or transfer phenomena. Repard-
less of the title used, the scientific intepration of these three basic
chemical engineering processes laid a new foundation for chemical engi-
neering education and research.

Another important post-war development which had major impact on all
enpineering research and education was the development of nowerful,
high sneed computers., Computers dramaticallv chanped chemical engineer-
inf desipn procedures; they opened entire new vistas for research in
reactor design, process control, modelling and optimization of complex
svstems: thev permitted exceecinply sonhisticated new experimental
nethods in research tshereby cormuters combined with new instruments
can be used not only to control experiments but also to simultaneously
analyze and process the results. 1Thus, modern chemical enpineering
research anpears to be limited only by the inpenuity of the researcher
and the availability of funds.

ith the advent of the decade of the 70's, chemical enpineerinp has had
to expand its disciplinary horizons to meet the prowings concern of the




impact of technolosy on society. Thus, chemical engineering plant
design is now dramatically affected by environmental repulations and

. constraints; methods of environmental monitoring and control will
require instrumentation development by chemical enpineers: the growing
need for enersy will create onnortunities for chemical engineering to
develop new appraches to chemical energy sources and storage: e.f., &
hydrogen energy storape economy. Society's continuinp use of techno-
lopical advances will in turn produce new challenges to all of engineer-
inn to eliminate potentially 111 effects from technology's applications,
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5. NATURE AND OBJECTIVES OF THE PHD PROGRAMMES

5.1 Student Qualifications and Requirements

It 18 unrealistic to discuss the PhD programme without at the same

time considering the master's programme., The latter is very generally
a prerequisite and although it has objectives and a market value of its
own, it serves also as a screening process for admission to doctoral
studies. Furthermore, some departments have combined requirements in
course work for the two degrees,

The master's degree in chemical engineering 1is an excellent terminal
derree for those students who do not seek a career in research and
development. In actual fact, however, manvy of those who do obtain
positions in industry find themselves involved in research projects. -

There are two types of master's degrees available in Ontario engineer-
ing schools; one is the traditional scientific degree; the other is a
master's of engineering directed toward professional practice., The ACAP
- .ngultants were cognizant of these derrees, and although the master's
deprees were not the prime subject of evaluation, they were noted as
beine important but variable waynoints on the route to the PhD,

The obtaining of the master's degree is often a good occasion to move
to another university for further training, This practice however, is
not too frequent in Ontario.

Normally the screening process used by Ontario departments of chemical
engineerinpg starts with admission to the master's programme. This process
is quite selective and great care is taken to accept only those students
with proven scholastic achievements. Cenerally a 707 or B+ average at

the underpraduate level is required plus recommendations from persons who
know the candidate well. Large numbers of applications are received annually
by practically all departments, mostly rrom foreign students, many of whose
credentials are difficult to evaluate. The general impression is that the
desired level of quality is maintained although some complaints were voiced
that 'other' departments were accepting students of lower calibre. Many
qualified admitted applicants do not register in the end simply becauye

of the lack of financial support. This anplies mainly to foreign students.
Canadian students who if qualified, in general could preferentially obtain
financial support, do not apply for a variety of reasons, e.g. availa-
bility of positions on graduation, an attendant fear of scarcity of jobs
later, etc., It can be said that the total size of the student body in the
master's programme in Ontario is limited at present by the availability of
such financial support.

In nrinciple the duration of studies is between one and two years,
Although the lower limit is certainly appropriate, the higher one appears
somewhat excessive, The fact that students seem to work shorter
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hours than in the past may be a partial explanation of this. Another
reason is that the chances of obtaiuning publishable results increase
with the scope of the project and this is of great interest to faculty.
Consequently, the total time required to obtain the PhD is increased
accordinply with much rore serious potential consequences.

Admission to doctoral studies is mostly based on staff judgements of the
student's performance at the master's level. For students from other
universities a staff committee usually examines the applications and
recommendations. It must be noted however, that for admission to any
level of psraduate studies, the department has the authority to accept

or reject an applicant but the final administrative decision to accent
is the prerosative of the Faculty of Graduate Studies or its equivalent.

At the doctoral level, the student must usually tal:e additional praduate
courses and often underpraduate specialized courses in his field or in
others. Thev are selected upon recommendation of the student's research
director or advisory committee of staff members, arain depending on the
university.

The choice of a research supervisor is in principle a free one and
follows interviews and discussions with faculty. Ilowever, many foreipn
students do not have the henefit of this free choice. Unon admission
to the university they are many times told that onlv certain professors
can offer them firancial support and on the condition that they work in
the field of the professor's choice.

PhD qualifvinp examinations arc in the process of disappearing from
those Nntario departments where they once existed. They are being
renlaced by sometimes totally different forms of examinations. There
are many variations aronp the universities in this connection hut
everywhere this is taken very seriously. A typical forn of this exam-
ination would be the written submission by the student of a so-called
rescarch proposal containing a survey of the literature, a description
of the research project, of the apparatus and equipment to be built or
used and of the experimental conditions together with the aims of the
work..

In many departments the doctoral student has to pive a vearlv seminar
on his research worl.

The doctoral thesis is evaluated bv a committee of three or four snecial-~
ists in the field, one of ther normally chosen outside the university
where the thesis is nresented. The oral presentation of the thesis is
either private or semi-nublic. 1In the first case, only the cormittee

is present: in the second, any interested nerson in the university can
usuallv attend.
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5.2 Training of !linds vs Traininp of Snecialists

Doctoral studies in enpieerins on a sizeable scale are relatively

nev in Ontario universities, and for that matter in other Canadian
universities, excent for chermical enpineering denartments which have
had a lonrer exnerience in this resnect, nossihlv because of former
associations with chemistry departrments, They developed ranidly during
the expansion vears of the sixties. The nroprammes were modelled after
those existing in the United States and also those in pure science in
Canada. Durine that period evervone was too busv to snend anvtime on
the ohbjectives of a doctoral proframme., It was intuitivelv felt that
the research worl and the writing up of a thesis were the essential
ingredients, torether with a few advanced courses. The vhole concept
was more or less taken for cranted.

Durine the aforementioned neriod, a larpe pronortion of PhD praduates
~rere ahsorbed by the university svstem throuchout Canada. Since research
money was available in increasinf amounts and there were nractically no
other constraints, vounp staff members most naturally launched research
nrojects which were, in practicallv all cases, a direct continuation of
their own doctoral thesis. A notion praduallv developed among themselves,
their studants and even the reneral public that thev really were spe~
cialists in a piven field or specialty. In a developing economy, this
was talken for pranted and of course influenced successive crops of PhDs,

For those new PhDs who took up emplovment in sovernment departnents or

in industryv, they very seldom had the same freedom excent in the choice
of job, lowever, they were less influential 1in shapine the directions

of the on-going research programmes in universities.

tVhen the economic recession of the late sixties came, the job market
shrank appreciably. Universities were not hiring new staff at a rate
comparable in any way with that of previous years and, also Canadian
industries and government agencies curtailed very seriously their re-
search activities, which had up to that time been an important job
market.

Because many freshlv graduated PhDs refused to accept nositions in
industry that did not involve essentially research activities and
because nanv voices in the public began to be heard concerning over-
nroduction of overly-specialized PhDs, the universities were compelled
to re-evaluate their situation.

The concep of a PhD pronrarmme considered as a hinher level for train-
inr enzineers in solving prohlems of wider scope, besan to emerpse., It
implies that a PhD is not necessarily trained for strictly resecarch
activities, and that he can and should envisape other nossibilities,
directly or indirectlv related to research or development,

Juring discussions with facultv on the occasion of visits to the uni-
versities, it was found that this concept was quite penerally accepted
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altliough very few people had thought it necessary or useful to crystal-
lize it in any form of a statement of objectives. While it is somewhat
surprising that few chemical engineering departments made any detailed
statement on this aspect in their written submission to ACAP, some of
the expressions of the PhD programme philosophy and goals are note-
worthy. In spite of their penerality, the following excerpts bring
out many essential points:

"The object will be to train problem-solving enpgineers, whose
knowledge is sufficiently broad that they can make themselves
useful in a wide variety of endeavours. It is essential that
the doctoral engineer have the depth and the breadth to innovate
and invent. The depth in certain areas is necessary to provide
the practical przcision that is required in modern innovation.
Dut a broad picture of the physical world topether with a know-
ledpe of markets and of industry is also necessary'.

(University of Toronto)

"The object is to prepare students to adapt readily to any situation
calling for a chemical engineering solution, and to utilize their
problem-solving abilities, pained through research and courses
durine their PhD studies, in various areas of technolepy'.
(University of Ottawa)

"To develop the full academic potential of students (...)

To contribute to knowledge (...) to contribute to the maintenance
of industrial strength and to foster the development of new
strensth in both primary and secondary industries'.

(Queen's University)

A detailed statement may not be absolutely essential and moreover
complete uniformity among all universities is certainly not desir-
able.

It will suffice to indicate that the enhancement of the problem-solving
abilities of the engineer is achieved through a combination, in pro-
portions that can vary of the following elements:

a) acquisition of depth of knovledpe throuph formal courses and
personal study;

b) development of ingenuity and versatility in facinp new problems
or situations through various types of interactions with his
rescarch director, with other faculty and with fellow students:

c) traininy in intellectual discipline by means of seminar nresent-
ations and thesis writine.

The influence of the research director will of course he nredominant and
rreat care should be exercised in the decision to asscciate him with
rraduate students,
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In some ways, the doctoral programme in chemical engineering will thus
sliphtly differ from others, in pure science for example. !levertheless
it nust be a scholarly endeavour which, while serving its primarv

- purnose of training a future leader in his profession, contributes to
knowledre and to the art of the engineer,

5.3 rature of Research Project for Thesis

. e

The type of training ohtained by the PhD student depends on manv factors:
the reneral climate in the department, the size of the department and

the resultant interaction with other students or proups, the narticular
concepticns of his research supervisor on engineering rescarch and so on.
Dut paramount among these will be the t: e of research in which he is
involved during a period of three, four or more vears. Althcugh thev are
not casy to delineate, the followinp catepories are frequently used:
fundamental or basic engineerinz science, applied science and develon-
nment, and finally engineering desipn., Chemical enpineering research
projects that can he identified with one or two of these catefories have
repularly, and still are, being carried out not only in Ontario univer-
sities, hut all over the world.

5.3.1 Fundamental Cngineering Scie.:e

Durinp the last quarter of a century, a body of knowledge has emerped
and has partly developed which is really a new realm which can be called
fundamental enpineerinp science. This is particularly true of chemical
engineering,

Transport phenonena in their rore basic aspects are a good example. The
detailed knowledpe of the behaviour of solids, liquids and pases when
subjected to fields of various types of potentials, such as velocity,
pressure, temnerature and concentration notentials and of their behaviour
in rulti-phase systems, is reallv a part of science and is, in itself,
auite remote from applied science or technolopy.

The complete understanding of multivariable chemical systems prior to
their optimization bv rmeans of tathematical tools is another example,

In many cases scientists have abdicated or lost interest in traditional
areas of their fields which are especially relevant to the needs of
chemical engineers. This is true of thermodynamic properties of mix-
tures and of catalysis, for example., The chemical engineer has had to
move into these fields in an effort to obtain the missing fusdamental
knowledsre required for eaquipment desipn, for chemical reactor design,
for fluid flow in porous media, fluid mechanics of complex fluids, etec.

This type of research is of course more curiositv-oriented than rigssion-
or application-oriented. In manv cases it is not distinpuishable fron

the tyne of research carried out bv many scientists. A fpraduate student
involved in a research project of this tvpe will evidently have to tackle
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problems that are quite different from those encountered in strictly
applied or mission-oriented work. liis trainiag will to a degree he closer
to that of a scientist such that his viewpoint and annroaches to prohlems
will be in the manner of the latter, which differ in frame of mind and
concentions from those of the ensineer.

5.3.2 Anplied Science

The concent of applied science is much rnore difficult to formulate.
Desides stating that it concerns the application of existing knowledpe
to a nev or different situation, there is vefv little that can he
added to clarify the definition without encroachinp on the adjacent
donains.

It may also be thought of as development although many will claim that
it comes before development in the total innovation nrocess. One con-
venient definition would be the transformation of science into techno-
lopy. From the enpineers' point of view however, this would involve
develonment,

According to anmother interestinpg definition, apnlied science would be
what leads to immediate practical or industrial anplications: nrocess,
measuring or controlling device, material, service, etc.

This evidently not the archetvne of universitv research in the traditional
sense since the results of this Lind of research work lend themselves

less easilv to publication in scholarly journals and since one of the
missions of the university is the diffusion of knowledpe.

Training in this type of research is useful to large numbers of chemical
enpineers: althouph i: is encountered in doctoral propramnes, it may
receive less attention than it deserves.

5.3.3 Enpineering Desipn

This has been the subject of much debate in the past. The engineer in
effect, and even the one with the most comnlete training, will, very
freauently have to deal with desisn nroblems. 1In the wider definition
of the term, desisn is the operation by which science or technology is
corplemented or supplerented by an input from the art, which may be
exnerience exclusively, in arriving at a reasonable, and if nossible
the best, solution to a technical problem.

These considerations lead to apparent conflict with the traditional defini-
tion of scholarly work dealinp with the pursuit of new knowledge exclu-
sivelv. This conflict need not be more than apparent if the design work

is cenuinely oripinal,

VYery few of these tlieses are seen, but the importance of the training
it would sive the student warrants further experimentation in this
avenue,
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S.4 Trends in Ontario Departments

During the expansion years of the last decade, Canadian engineering
schools have recruited their new faculty in a vast majority of cases
arong young PhD praduates fresh out of universitv or nossiblv having
had a post-doctoral experience of one or two years in another univer-
sity laboratorv. Industrial experience is something of a rarity among
enfrineering teachers hired recently.

This situation is the result of a sustaineu effort from practically all
schools to increase the scientific content of curricula and to develon
research and praduate studies. A very sfood measure of success has been
achieved towards these poals, in particular by chemical enpineering

-departments,

Research interests of vounger faculty usually are in the field, some-~
tires quite specialized, in which they did their doctoral work. Further-
more, they are encouraped in this direction by the cormplete freedom
riven them by their main source of research funds, the National Research
Council of Canada. It has been the policv of this agency, even with

the recent austerity constraints imposed by the federal government, to
encourage and penerously support good orifinal research. Its most
important single nrogramme, that of Operating Grants, has been in
operation for many years in exactly the same fashion for university
staff in engineering and in pure science. The Grant Selection Corm-
ittees in the various branches of enpineering evaluate anplications by
neans of the same yardsticks as has always been carrent practice in the
pure science committees: quality of previous work, scientific interest
of proposal and productivity of the anplicant. The latter, as measured
by the number of paners recently published in refereed journals, 1is
obviously the easier to use and has alvrays heen overwhelminply important.

To adapt themselves to this system, engineering faculty have been in-
creasingly drawn towards fundamental research which leads more easily
to publications in scientific journals. As a result applied research
and development have been seriously neglected.

Rather recentlv, the Mational Pesearch Council has launched prograrmes
of entirely different types which it hones will divert part of the
research interests of enpineering faculty towards problems closer to
the industrial realitv. These new programmes have been received with
rreat enthusiasm and if means of providing continuing sunport throush
then can be devised they will contribute immenselv towards establish-~
inp a better balance between fundamental and other tvpes of research.
Such new programmes can also produce an increased demand for Phhs.

Another trend which i{s important in achieving this roal and which has
become quite noticeable in Ontario departme~ts of chemical enpineering,
is the funding of universit: research bv nission-oriented federal and
provineial povernment arencies. llere apain the accent is on solving
real practical problems,
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These opposite trends show that professors are more versatile than we
are sometimes fiven to understand and that universities need not be
'havens of irrelevant research'.

1t should be remembered that doctoral work in chemical engineerinp is
relatively new with one notahle exception, in Ontario universities as
well as in Canada at larpe. It is still time to shape the research
programmes in a wav that is suitable, as part of the normal activity
of teachers of future, practitioners.

5.5 Job Profiles for the Chemical Engineering PhD

The PhD chemical engineer has a remarkably wide range of job opportun-
ities because of his broad education in contrast to other PhD dis-
ciplines. For reasons which are identifiable, the PhDs in chemical
encineerings appear to have a degree of flexibility which permits then
to make substantial professional and technical contributions to many
industrial areas, as well as 'in the managerial arena. This is due, in
part, to the unique base upon which chemical engineering is buile. It
introduced very early into its educational proframmes basic concepts
which are finding popularity today under modern terminology. The early
concepts of mass and enersy balances (fundamentally related to stoich-
iometry), optimization of operations, mass and heat transfer analogies,
etc., are now popularly taught as systems, optimization, modelling,
etc. These have long been the chemical engineer's 'stock-in-trade'.

As a result, he is especiallv flexible and adaptable to function in
today's industry and society, because his educational concepts are
applicable to a wide range of problems. A partial list of the fields
onen for PhDs in chemical ensineering is shown below:

1. Process Industries (Chemical, Petrochemical, Minerals,
Pulp and Paper, etc.)

a. Development:
b. Research;
¢, Management.

2. Government

a. Environmental Control Apencies;
b. Regulatory Bureaus;

¢. Consumer Protection;

d. Research Agencies.

3. Private Research Institutes
4, Insurance Companies

a. Dleliability and Risk;
b. Analyses and Forecasts.
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5. Coasulting
6, TLducation

7. Biomedical Lnpineering




6. ANALYSIS OF THE ONTARIO SITUATION

6.1 Combined Stetistics, 1972-73

Full-Time Staff
Full proiessors
Associate professors
Assistant professors

Bachelor's degrees
avarded, 1973

Full-Time naster's
student excluding
non-thesis degrees
Full-Time PhD students

Full-Time PhD students
of Canadian origin

PhDs awvarded, 1973

Post-doctoral fellows

Table 6.1.1
Populations

~ (» McMaster
w o & o Ottava
Queen's

12

4

3

3

14 7 39
27 14 9
14 14 11
) 4 6

3 & 1

51

38
29

11
12

Waterloo

13
10

67

19
36

11
13

- Western

[

W W W\

- o> s <~ Windsor




Table 6.1.2

Research funds, excluding university-oripinated grants (1972-73)

Total Research % of Faculty *Average
Grants Receiving Total Grant
Grants per Professor

JcMaster 112,440 80 7,496
Ottava 104,825 100 11,627
ueen's 72,200 83 6,016
Toronto 548,360 82 19,584
'aterloo 295,990 89 10,962
Western Ontario 123,500 91 11,227
Windsor 22,800 86 3,260

“These represent minima, since in some cases, 1972-73 data other than

from NRC, were not listed, and some curricula vitae may have been
incomplete.

6.2 Comments on Staff Size

Some important characteristics of the chemical engineering educational
system in Ontario apnear in Tables 6.1.1 and 6.1.2. One aspect of
Table 6.1.1 that immediately comes to mind is the large numher of
departments offering prograrmes for the full spectrum of deprees:

BSc or BEng., MSc or the equivalent and PhD. This is illustrated by
the following comparisons based on estimated populations for 1971.

Table 6,2 1~2

Ciwsmical Engincering Departments, Canada and USA

Number of Population Dept/million
departments (millions)
United States 138 207 0.67
New York State 13 18.6 0.70
Canada 17 21.6 0.79
Canada less Ontario 10 13.9 0.72
Ontario 7 7.7 1.10

:A.I.Chﬁ., Chemical Ingineering Faculties, 1972-73

Grace, J.R., Chemistry in Canada 25 (7), 12-14 (1973)
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The number of departments for Canada does not include Laurentian Univer-
sity, Royal Military College, UOAC and UQTR, Moreover, about 20Z of

U.S. departments do not offer PhD programmes. It thus appears that if
the density of departments for the rest of Canada is of the same magni-
tude as in the United States, the Province of Ontario is much more richly
endoved from this point of view, If Ontario had only six departments,
the ratio would be 0.78; with five departments it would fall to 0,65.

The size of Ontario departments in full-time faculty ranges from 7 at
Windsor to 28 at Toronto and Waterloo, the arithmetical average being
15.4. "wo departments, Toronto and Waterloo, differ considerably from
the others in size. In fact the average size of the other five depart-
ments is 10.6 which is very close to the 9.7 average for the rest of
Canada.

There are many reasons for the large size of these departments, Both pro-
duce great numbers of bachelor's, each of them graduating approximately

80 chemical engineers yearly, a figure tvhich is nearly double that of the
closes competitor. In both departments, a non-negligible portion of the
teaching load is devoted to undergraduate teaching of chemistry, physics
or mathematics. Furthermore, Toronto, being a department of chemical
engineering and applied chemistry, has a larger number of activities in
the latter field. Finally, the cooperative system operated at Waterloo
calls for a larger staff,

Thus, taking due account of special cases, Ontario departments appear to
be close to the average size, the comparable U.S. figure being of the
order of 9.

The total number of full-time faculty seems to have grown at a somewhat
larger overall rate (197 compared to 14Z) in Ontario than in Canada? as

a whole for the four-year span ending in 1972-73, Noting that the figure
for the entire country includes the rank of lecturer, there is some

doubt that this difference is of much significance. However, the total
number of full-time faculty has kept growing slowly during the last three
years while it remained constant in Canada, again including lecturers.

The Ontario system makes up 55% of Canadian faculty in chemical engi-
neering and trains 59% of the PhD students.

There does not seem to be in the departments any mechanism regulating
their size, other than the operating budget provided hy the Ontario
Government,

6.3 Comnents on Staff Qualifications

In an attempt to determine the desirable qualities of the thesis super-
visor, one might arrive at a list such as the following:

- academic training to the PhD degree inclusive;




- intense research activity as evidenced by publication record,
grants received, theses directed, invitations to lecture, etc;

- natural disposition to communicate easily with graduate students:
- availability (without exagaeration) to the students.

It is readily found that these qualities are more and more difficult to
evaluate as we go down the above 1ist. The last ones are next to im-
possible to assess but they nevertheless make the reputation of the
advisor amons actual or prospective students.

In all Ontario departments of chemical engineering the staff academic
qualifications are all that could be desired with very few and verv
ninor exceptions.

Nf no denartment can it be said that the staff has a uniformally good
record of publication or of theses directed, or of research grants
received, with apges and experiences being taken into consideration.

In many a case there is an excellent nucleus of faculty which carries
the major part of the load and the rest of the personnel plays a lesser
role. In other departments such nuclei are smaller and less visible.
Cach department has to be assessed separately.

6.4 Comment¥ on Physical Facilities

All departments seem to be well-equipped with modern physical plants,
including laboratories, offices, etc. The laboratories are well equipped.
Facilities nowhere were found to be an obstacle to high-quality research.

6.5 Comments on Supporting Facilities

$
With relatively few exceptions these were found to be very good. Comnuter
facilities are excellent everywhere. Shop facilities in general were
satisfactory, althouph policies varied witih respect to their use and
accessibility. Cngineering library holdings were found to be pood. The
inter-library loan system is a source of complaint in some of the univer-
sities. ONther deficiencies are noted in the individual assessments.

6.6 Comments on Cooperation with Nther Departments

In zeneral cooperation with other enpineering departments is pood - in
sorie cases this is deliberately fostered due to structure, but in most
cases it is individual contact that is important. Cooperation with pure
scicnce departments, other than at the teachins level, was found to be in
need of imnrovement,

6.7 Comments on Student Selection

The selection process actually starts at the admission to the master's
prorramme since very fetwr students po directlv to doctoral studies after
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their baccalayreate, Everywhere the ppplié;tiono'are numercus but come
mostly from foreign students. The departments then can and,. in effect,
all seem to maintain rigid admission standards. Above this there is '
the financial support difficulty which often prevents a student from .
accepting an admission offer. - ' . ! - . .

The greatest dangéi would be the temptation to lower the standards 6£ |
admission in favour of Canadish students since so few of them seem to
show interest in'graduate studies. . ) o - ¢

Ak'the.doctoral'IGQelg it can, be said that'each case is individually
examined carefully. Student selection then seems to be very satis-
fac;ory. oL - . ) .

. : .
6.8 Comments on Ethnic Origins of Students

Oﬁe wouldnnofmally expect that univquitiei of a'giéen province would
" draw most of their graduate students and especially their PhD students
from that province or could attract others from Canada at large with an

" additional complement of foreign students. -This is not at all the situa-

tion in Ontario departments of chemical engineering, but it is recog-
nized that, it 'is not essentially different from the situation existing
in practically all Canadian departments. _ .« . o

_Ontario statistics ind‘cate that the majority of PhD students over the
past four, years have been graduates from foreign universities, mostly
in Asia and Europe. Moreover, between the years 1969-70 and 1972-73, '
the proportion of Canadians .decreased from 43Z to 31% of the total full- .°
. time PhD student body. During the same period the number of full-time

- PhD students remained practically constant with the exception of a 10%
decrease in 1972«73. In ahsolute numbers, 60 Canadians were registered

in 1969=70 but their strength had dwindled to 39 by 1972-73. :

A}

" During the sare period, the number of full-time PhD students having the

landed immigrant status increased slightly to a figure of approximately

70. . Foreigners with a student visa have been less ‘ifportant in numbers,
averaging arounc 17. - : T LS -

It is interesting and important to realize the causes of such an overall _
situation, as it can be claimed that the present size of the chemical enpi- .
neering doctoral programme is in excess of the apparent needs of Ontario
students., It wonld probably be closer to reality to say that it corre-

sponds more to the needs of faculty research activities and precisely to
‘the financial resources made available by granting agencies. R

In the‘early sixties, as the universities began to expand tremendously,

. doctoral programmes appeared everywhere both for prestige considerations

and as a means of promoting healthy research activity among the staff,

‘Budgets of granting agencies were also expanding at the time and tho'dﬁ y .

real problem was to find the students to man the programmes. Jobs were.

very plentiful and intqreoting money=-wise for gradgatfif;tjfhg;o:’1/7h




all disciplines of engincering and it was difficult to ontice thcn to
‘stay at the university for graduate studien.

At that tine, it vas the peneral. consensus among universitv facultv
! : that the only ncssihle method of buildine a graduate and especially’
a doctoral proprarmme was.to 'import' students. There: becan to appear - -
~in scientific mapazines all over the ‘world, advertisemerits offerinp
stipends to qualified students., It was honed that this would have an
. . entrainment effect on Canadians. This never materialized fuliy, but
developed in foreign countries a notion, still nrevalent todav, that ‘
financial assistance was easily available in nntario and other Canadian * .
chemical engineerinr departments, , . T

Towards the end of the decade and earlv in the seventies, a numbet of
reports oripinating from various sources, bepan first ,to hint, then: to
assert, that Canada was producing more PhDs, at least in some science

. and enxineerinr disciplines, than it could use, Granting apencies, led S
' , by the Jational Research Council of Canada, bepan to restrict the use oo

of their research monies to the support of. Canadians or landed immi- i
. 'frants to the exclusion of others., : , ’
This new policy was not applied in concert with the Department of Man~ :
pover and Immipration with the result that the tendency for foreign B *
students already in Canada to.apply and easilv obtain the landed immi-
o . rrant status, was npreatly enhanced. Those students who weré in the
L svsten at the time were not affected by the new nolicv.

It appears that doctoral students ‘in Ontario departments of chemical
encineering having a landed immigrant status form a very complex group,
A small number of them may be the sons of landed immigrants. Some
probably came to Canada with the status, intending to settle nermanently
in Canada. 1t is almost certain however, that the vast: majoritv of them
wvere attracted by the bursaries offered by research directors from their
research grants and .by departmental stipends for part-time demonstrating, "
In all probability,.they obtained the landed immigrant “status prior to
or after their arrival in Canada on the basis of appointments such as
research assistants, lecturers, demonstrators, etc. The situation is-
further complicated by the fact that a number of them obtained .their
bachelor's degree at a Canadian university, possibly under special
propramnes such as the Colonbo Plan.-
One cannot help wonderinp what will happen.to this groun when the new
immiecration regulations begin to have their full effect, at a particular
* .point in time when Canadians are not likely to replace them in large
numbers bécause jobs are less plentiful for bachelor's who accordingly
have a definite tendencv to be much less 'choosv'.

Statistics mav be too fragmentary and the neriod for which they are
available may. be too short to allow reliable conclusions on the effcct

. *

.
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of limiting financial support to Canadians and landed immigrants. It
has hovever, been claimed that s decrease’ in numbers due to. these
regulations coull already be detected in 1970°. '

‘-6;Q Hobilit ‘of GCraduates fgon CCnadian-Univoroitioo

‘In a system of seven universities within ome province, one would expect
a-fair amount of mobility among graduate students, in view of the obvious
advantages for a themical engineer to obtain successive degrees at
different universities, thus broadening his views and his training. To

. these intrinsic values, there is the added consideration of equivalent. .

~ costs to the' students as scholarships age usually tensble at any univer-

sity, and burscries from grants are available almost everyvhere for very

good students. o g ' '
.. . .

There is no concerted action among the universities in this direction.
On the contrary one can feel a strong tendency, very noticeable in
smaller departments but by no means limited to thes, to idedtify. good
prospective graduate students at the undergraduate level and to induce
‘them to stay on at ‘the same university for graduate work. ,”

It is not surprising then to find a lov degree of mobility among students
" ‘and there is no reason to be satisfied with this sicuation. '

Certain departments however, manage to attract to a fair degree students
. graduating from other Canadian universities. The data reported in

- Table 6.9.1 refer exclusively to students who obtained their bachelor's
~ degres at a Canadian university sund include graduats students at both
_the PhD and the master's level. They indicate for each department in
absolute members and in percentages, the relative contribution of grad-
uates from other Canadian universities to the total population of grad-.’
uate students and to the population of students who are graduates from
Canadian universities. They are based on .the 1972-73 academic year
which sav a sharp decline (from 286 to 236) in the number of master's
students. ' o - '

©

" The figures based on the population of 3raduuto'ctudoﬁio vith a bacholor'o.l

' * degree from a Canadian university are probably a better criterion as’

_other factors such as the greater or lesser availability of research

grants to support students or special arrangements with foreignm ‘countries ' -

. may distort the picture based on the total population of graduate
'Utu@ontc. However, the two sets of figures show thq,ogno general trends.

“Burns, C.M., Chenistry in Canada 26 (9), 16-18, (1972) .

» . ) ) N /
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L ' \Table 6.9.1

from another Cansdian university in relation

rétal psgzlition of Population of ::a&uatc students
graduate students with a bachelor's degree from a -
. ‘ ' Canadian University
Nusbers ‘2 Numbers | .
McMaster 14/43 33 14/23 el
Ottava .~ 2/24 8 2/8 25
Queen's  4/22 18 4/16 T
"~ Toronto . 8/65 12 - 8/38 : 21
. Waterloo - 5/56 - 9 5/14 . 3
'Western o - 3% /e - 69 .
Windsor /10 - o 0/4 - o
. Ontario _ 44/250 18 47119 37

Canada . 80/476 17 . 80/221 36

These percentages, whatever the value of the criterion is, indicate the
. relative appeal of the graduate programmes (master's and PhD) at the
Ontario universities to Canadian bachelor's in chemicsl engineering.

- These young.people, in seeking a suitadble university for their graduate
., training will in all probability be influenced by '

- the ;opu:ation of a givon univoroity as it is pcrccivid by themselves
or by their advisore at their own univorligy; o

- recommendation from professors or fr;onﬁl, dircdtinﬁ thea to a parti- A

cular.research director; _ . A

- ivailability of unique research programmes in special areas or fields
~ of interest: enviromment, biochclicallong§nccring, etc.;

- avqilabtlitj of financial support;

.- .tc.

. . . . ) . X ? .
Most of these are partial criteria for cxc‘llcncc inasmuch as they would
not persist for a very long time if they were not backed by excellence.
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“On the other hand, it is gathered from conversations with graduate
. .dtudents of foreign origin that before arriving in Canpda, they did

_ mot knoy, such about Canadian universities apart. from what can be

‘learned from calendars. = - . - ‘ :

. McMaster University and the University of Western Ontario seem to have
.8 relatively high power of attraction for Canadians, the University of
'Waterloo Being next. Although the University of Toronto has by far the
’ _ ' largest nuvber of graduate students who hold a bachelor's degree from a
' Canadian university it seems to drawv them mostly from its own vast
reservoir of bachelor's which 'is of the order of 75 yearly.

¢ T In obito of the fact that the yont'1972-73.oo¢gl to bc,t}pie.l'of the
‘recent past, these statistics and conclusions are based on the student ,
populations for that year only and qhquld therefore be used with great
care. ) . ’ ' .

Considering the populations of full-time Canadian graduate students orly,
and with particular reference to the academic year 1972-73, the qusstion
may be raised as to vhich are the large departments and vhich are the
saall ones, as Table 6.9.2 will indicate.: E o

Tab10_6.9.2

ngulitions of full-time Canadian PhD students '

University .. 69-70  _70-71°  71-72 72-73
McMaster . 1l 9 6
Ottava . | ' S 6 . 4
Queen's : s e 4 )
Toronto' | 22’ SR A & | 8
Vaterloo ' | 10 8 9 7
. Western 3 2 6
, 'Windsor ST R N 2 2 2
Total | o 60 - ss 48 39

The smaller figures may be misleading as they may only represent the
same students over the four-year interval. .

- 6.10' Comments on Student Dedication

The results of the variouo.soloctioilptocesooo before admission to
doctoral studies can easily be seen. In all departsents, the great
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. arbitrarily projected into the next five years. )

o iajority of'thg.ggaduato otudonfc appear to be bright pndvartiéulatoi
- young péople with a ‘very clear conception of the type of training they -
.~ are seeking. and with strong determination to a:hieve a_pooitive‘roqult.

[ - N ~ . .
The duration of doctoral studies has tended to increase in recent years,

" This may well be due to the greater complexity.of the prublems tackled

and of the equipment and instrumentation needed rather thad to students'
lack of di}igence. However, they do not seem to haunt the laboratories.

or libraries in the evenings like they used to! )
Commen

ts on Students Satiofaction with Prograsmes

»

" The three consultants met in cameral with a representative group of ?hﬂ?ﬁf"”

students in every department but one. In the latter case students were '
mét individually 1n'§he presence of their advisor. :

" Almost universally, the students expressed satisfaction with the opera-

tion of the doctoral programme at their respective universities. The
only exception met by the consultants seemed seriow; it is dealt with

.under the appropriate heading elsewhere in this report., Topics. such as

the amount of guidance they were receiving, competence of faculty, the
quantity and quality of support services available in library, compiter
and machine shop facilities, the adequacy of financial support, etc.,
were discussed frankly and openly, Students were encouraged to raise

- any issue they wanted.

,"6.12' Projected Student Pogulatiouo and Degree Avards

" Every department s deeply. concerned with the consequences of the king

of Iron report and of the ensuing action by CODE to gradually bring
down the total registration of PhD students in engineering, They all -

. realize that past growth rates cannot be maintained and they are pre-
.pared to consider much more carefully the size of their dbqtoral pro-

gramme.

‘Table 6.12 gsusmarizes the picture for the seven departments as it can

be gathered from the documentation supplied and from dis-ussions with
chairaen and deputy-chairmen. In the case of the University of Toromto,
the plan being "to prepare as many students as the market demands", the .
same aumber of doctoral students as in the past five years has been

If the ‘populations were to increase according to the demands of the
departments, this would probably correspond to an approximate increase

"of 102 in the total Ontario output of PhDs in chemical engineering.

In view of the past:employment record, this is not totally unreason-
able. - ' .

'6.11 ' Careers for Professors not Involved in PhD Programmes
N [ =y~

Some faculty, for a variety of good roaooni; feel litéle inclination P
for research work and are unluccengful or only mildly successful at it.

.



A-33

*sIFIFSIRATUR I3 4q qouiwlnua susd Ivsk-2}] P WALy

¥l ort L e %01 o1
9 s 9 L . aospurn
114 o € ot * uzeysen
o 6 e / oz 4..13.\-:
sy . sv ..u.n. - R U oauo101
Coa S an " smaemd
" 1l . o1 6  eam30
T oz 1w "2 " 29I
8L-€L6T 303 suopaerndog CLa | ~
suoj3endog JuIpNIS ~3ndang €L-=TL61 .
JuIpNls Qud zFs Jjeas - Juamzwdaq

pearsap IVeiaavy

[

" qqd d8ezaay qud T¥3IoL

£1-8961 PoTied ek

. e mm

peadeloig Juepnas QUd

-




- motion and consideration. Soie faculty then feel compelled to partici-~

'Uuivcrnitic. should develop plans to proéldc these staff members, vho

Others have bocqnn‘lo.. inventive -or ptohuctivo_vith time. It is
unfortunate that university tradition makes 1ife difficult for them.
The 'publish or periwh' law still plays s great role in academic pro-

pate in research activity and while they contribute to the apparent
size of the programme, they do not necessarily improve its overall
quality. ' ' ' L -

sometimes can be extremely useful in other functions sucli as teaching
and administration, with conditions such that they can still have a
respected career on campus. In a discipline where practitioners are
being trained, one phould also think of a new motto such as 'practice
or perish',. Tt o B e ¥

Such a situation ‘is not a very serious problem in the Ontaric system at
the present time. At one or two universities however, it should re-
ceive appropriate attention. ' . . : ' -

6.14 Coverage of Fields and Specialties '.

. The terms of reference 6! cngincqfiug consultants includcd a specific

request tc investigate and report on the "coverage of fields and
specialties, and the extent of activity in each". As course work is

. only a small part of the total activities involved in ‘doctoral studies

and as there is nowhere a common core of mindatory cdurses, this is .
taken .to' refer to the research theme almost exclusively. _ .

Since a compilation and classification of research activity of chemical
engineering faculty in Canada is available yearly in published form
through the Canadian Society for Cheaical Engineering, a constituént
society of the Chemical Institute of Canada, it was thought preferable"
to use it rather than dig out the information from the curriculum vitae
of individual professors; the latter would also have presented a risk
of non-uniformity of presentation and headings. The C.S.Ch.E. directory
has been published for many years and has gained wide acceptance among '’
the university community it serves. It must be noted that this publi-
cation is a directory of research and not of graduate studiea: it
therefore makes no distinction between regearch in master's or in PhD

. Programmes /or any other type of research. Nevertheless it is thought

to give a reasonable account of the research areas available for g
doctoral work. Very few faculty active in research are not included
in {c. I

The research areas are classified under eight headings, as follows:

A = Applied Chemistry

B - Chemical Reaction Engineering -
C - Fluid Mechanics
D - Heat Transfer -
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' E - Mass Transfer

.'F-= Thermodynenmics

"G -~ Process design, Operation and.Sinulation
H-- Miscellansous categories :

As a point of historical interest among other reasons for tabulation,
it was thought desirable to extract Unit Operations from the Miscel-
. laneous heading. .They include in this particular instance: Mixing,

. V'H.chanical Separations, Drying, Cry.tallization and Solvent Extraction.-

The summary for the year 1972-73" conteined in Table 6.14 gives for each
university and for the total system, the number of faculty actively
involved in research work in the various areas. As most people are
usually engaged in more than one research: project, the total largoly
exceeds the number of faculty. It most also be’ remembered that it is

sometinmes difficult to classify a givcn project under only one hcading.

 The majority of. activitic. classified under Applied Chemistry come
‘under three lub-headingo' Biochemical Processes, Air Pollution, and

" Water Treatment, the latter receiving mora a:tention than the other i

two. Some of the work falling into the rest of the Applied Chemistry

category does not seen to be different fron conventional phyoical

cheniotty. . .

- There were 108 full-tinc chcnical engineering faculty in 1972-73 in the
seven dcpart-nntl visited. Table 6.14 shows 220 'faculty-areas' in the
nine areas. If all staff members were active in research, this would
give an average of 2.1 aieas of interest per faculty. On that basis,
each number in the’ tablc would correspond to staff devoting half of
their research time to a particular area. To obtain full-research-
time equivalents the numbers should be halved but this would represent
lllilll nulbcro al not all faculty are active in research.

The main areas df chemical cnginccring are all covcrcd in the total -
.system and are well balanced. The less popular areas are Heat Trans-
fer, Unit Operations, and Thermodynamics. In the case of the first
two this corresponds to general trends in North America. Heat Trane-

fer seems to h:'e shifted at least partially into the reilm of mechan- ‘

ical engineering and Uni: Operations are no longer the challenges they
used to be. -Thermodynamics is not a field that is exclusive to chemi-
cal engineers and the lov numbers in this area are no cause for alarm.

As for individual universities, 1t\§§,qpite striking that they all have
" gome activity in practically all ar » except Western Ontario and

" Windsor. In the latter case, the obyious reason is the smaller staff

- size. For'Western Ontario this 1s the result of a deliberate decision
to concentrate in a limited number of areas. Other universities such

"~ as McMaster and Ottawa claim to have similar policies but it seems that
the oolectcd fields are so loooely delineated that there is no aggarcnt

B N : . .

[




.

concentration, 'o_t'l:th"c_'bnio of the C.S.Ch.E. h'c‘ad_tugo it-lcu_t_.

If a lower ration of areas/faculty really means more concentration’
on the part of the staff member on one main area, Toronto and Western
Ontario and Windsor stand out in this respect. This ratio however,
must be used with extreme caution as many factors influence it.

Su:lo‘uo,comiéeution should be givo'n,- and probably is now given .:lIu
some departments, to more effective grouping of interests with time.
. Obviously the process should not be carried out to its extreme limit.

' i
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RA THE JOB MARKET O T

' of this point.of view,

A-38

No opecinl ltudy on the job noiket for .chémical engineering doctoro vas ,
undertaken as the Thonpoon-Lapp report~becone available, during the assess- '
ment period, . . . ‘ o S

+
’

"+ One ochool of;thought firmly nooerto‘thof predicting and plonning.populntioni.'

and degree awards in a given field is possible and nece+nary in view of the
cost of training the students, It is claimed that stat tical tools and

. methods presently availsble are of sufficient accuracy to permit the predic=

,

tion of an operating band between optimistic and pessinistic boundorioo.
This is the phi;ooophy'of the Ring of Iron and the Tholpoon-anp roporto. '

Others bolievo thoz this 1- simply not possible because of the lorse uulbor

of unexpected and unpredictoblo causes and events that can affect short or
long. term' trends. MacKay® has given a good ooni-quontitotive 111uotration

. .
?

7.1 j Che-icnl ngineerinx 1n Relation to Other Branches of Engtnoering

“The ACAP chemical engineering conoultonto are primarily concerned with the .

career opportynities for the chemical engineering PhDs. The Thompson-Lapp .
report however, considers engtnoering as a vhole and only occasionally does
it refer to individual branches. Alluling. for the sake of discussion, that .
its predictions are correct and that ite recommendations are nccopted, two
difficult questions would remain: 1) how would the doctoral student populo- '

‘tions be ‘allocated: among the universities, and 2) how would the .same popula-

tions be allocated between the convontional and emerging bronchoo of ongi-
neering? ‘ S . : . .

" .The first quootion 1. of course very polittonl ;n notuto and in any ovont

outside the scope of a chemical engineering assessment, On the other hami,
very serious consideration must be given to the second question. In this
connection, it is very desirable to find some standard of reference and the
obvious Point of comparison is with the United States because of & close
milarity between the two countries (and Ontario) in oducotionnl and pro=
essional pattéerns. There is also many common points between the political

5ond economic systems of both countries, and eopecillly 1f the focus. 1is on .

Ontario as opposed to the rest of Canada. \ .
A comparison can be made on the basis of\doctoral do.put for cheaical ongi‘
neering in relation with nll branches of enginoorinp. Table 7.1.1 makes such
a comparison. The data for Ontario and Canada are those of Thompson=Lapp and .
originated from the Canadian Association of Graduaté Schools. ft 1s to be

noted that they diffor by as much as + 102 from thole supplied for Ontorio

Thonpoon, 1.W. and Lapp, P A., 5qpp1y and Deéemand for Engineering Doctorates
in Canada, 203 p,, Canadian Engineering Manpower Council July 1973, .

"Hacxay, D., Graduates in Scionce and Engineering: Qn Predicting the Demand

and Controlling the Supply - Private communication - Pnper submitted for
publicntion to Science Forum . .
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by ACAP. They were used in preference to the latter solely to allow .
comparison with c.ntda. The U.S.A., data are from the U.S. Engineeving
Manpower Commissidn’. -

Although the data are not completely up-to-date, the four-year average '

is probably a better criterion to use than any trends, because of relatively
tively small yearly numbers involved for Ontario. These results seem to
indicate that a much higher proportion of chemical engineering PhDs are
being trained in Canada and in particular in Ontario. Before drawving any

. conclusion, .it must be remembered that in the U.S. a number of other spe-. éf‘

cialties are available (which are non-existert or little dcvdiqpcd in .
Canada) and have a tendency tq divert sizeable numbers of students avay

from the more traditional disciplines. They include Industrial, Aerospace, ’

Materials, and Nuclear Engineering plus Enginccrgnx Science and many
others, accounting for approximately.one-half of doctorates in enginé~ring
awarded in 1971-72 in the U.S. '

It might-be therefore informative to compars chemical engineering to the .
more traditional branches of engineering: civil, electrical and mechan-
ical. This is shown in Table 7.1.2 for which the sources of data are the
same as in Table 7.1.1. This new set of figures confirms the indications
of Table 7.1.1 but shows 2 quite smaller difference betwéen Ontario and
United States. If the data involved are representative of 1973 and of

the years to come immediately - and there is reasonable doubt in this
connection - then the logical conclusion is that Ontario relatively is
graduating more doctors in chemical engineering than is the U,.S.A. This

. is substantiated by ‘comparison of the number of degrees with populations.

. Thus, in 1971-72, the U.S. produced 413 doctorates for a population esti-
mated at 207 millions in 1971; this gives a ratio of 2.0 doctozates per
million; the corresponding figure for Ontario, based on an estimated pop-
-ulation of 7.7 millions is 3.6. If it is assumed that Ontario proiuces

or should produce 60Z (see section 6.2) of the total number of doctorates .
. avarded in Canada, ‘the ratio becomes 3.6 x_ 1 x 7.7 = 2.1 on the basis of a
' Cenadian population of 21.6 millions. 0.6 21.6 ' ‘

The situation can then be interpreted as not too far from that expected,
considering also that the proportion of doctorates iu engineering to
baccalaureates in engineering awardad six years previous has risen in
Canada in recent years to a figure comparable to that ‘of the U.S. (9.6
against. 9.9 per hundred in 1970-71)7. : '

‘Alden, J.D., Engineering Educ;tion 59 (3), 234-35 (1968), QQ (5), 399-409
(1970;, 61 (5), 431-446 (1971), 62.(7), 799-808 (1972), 63 (7), 520-522
(1973 _ . ) ‘ . .

7Thompson. I.W. and Lapp, P.A., Loc, cit. p. 93

D o N
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The privileged position of chemical engineerirg in Ontario is probably due
to an earlier start and a better preparedness to take advantage of the ex-
pansion period of .the sixties. It is to be expected that other provinces

are or will be in the process of trying to recapture the lost ground on.the

assumption that higher education is a right of individuals end not a mis-
sion given to one or a few provinces. : ’

A most 1mportant fect to remember is that Lhe number of Canadians - exclu-
sive of landed irmigrants - registered in the Ontario chemical engiﬁeer'ng
doctoral system has always been less,than half of the total, has dwindled
by ane third over the reriod 1969-70 and 1972-73, and shows no sign of _
immediate recovery. Ou the other hand, it is difficult to conceive how a
student body of so-called landed immigrants can maintain itself in the
futysre, in viev of conetteinte imposed by reeeerch—grenting agencies and
by the Department of Hanpower and Tamigration. It therefore is noc pose
“sible for the chemical engineering consultants to accept the conclusions
of the Thompson-Lapp etudy. at least 1neenuch as they uould concern.
chemicel engineering.

A

,7.2 Optimistic and Conservative Views

It 1s the viklw of the consultants that forecasts on manpower needs have
proven to be of very little use and should not be relied upon too much. .
They are much more worried about the lack of interest of young Canadians
towards higher degrees which lead eventually to the more interesting and
challenging jobs, for which on so many occesione 1n the peet. .doctorate.
holdere had to be imported fron abroad. .

, ALl departments claimed that they never had eny difficulty in finding
suitable positions for their graduating PhDs except in a very few cases
of foreigners who had difficulties in adapting themselves to Canadian

life, Moreover, it has repeatedly been heard in many of the depertmente
that present demand is in excess of the supply.

In all likel'hood. the market for PhDs in chemical engineering will soon.
develop at a greater rate again. First, there are many signs that the .
future is now:much brighter for the chemical and process industries. In
. view of the increase in costs of natural products apd of some of their
shortcomings, syuthetic materials play a far greater role .in the economy.
Biochemical applications will open up unthought of industrial applicetione '
in large numbers. .

Furthermore, govermmental initiative in selected fields euch as the environ-
ment, enersy and other resources, management, transportation, the North,
the oceans, etc., will create through both govermsent agencies and industry,
a great need for highly qualified manpower.. ! : : .
Planning in the midst- of an economic recession can lead to unduly pessi-
" mistic predictions and it is necessary to keep an eye on longer term ob-
jectivee. PhDs in all disciplines and especially in engineering are

tomorrow's leaders of society. They should be trained very carefully and
in sufficient numbers. ‘ '
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Since ve think of Canada as a free-enterprise society ve must have faith
in it, and accept the disadvantages that come with its great values., ~
Doctoral studies are long in -duration and their populations cannot adjust
.themselves quickly to changes in the economy. It is a logical consequence
‘ that there may be periods of oversupply and of aoverdemand of doctorates.
The former should not be so serious since the PhD should be versatile
_envagh to find a useful and challenging task to perforin for society.

: : | )




8, MCMASTER UNIVFRSITY.

8.1 Faculty
8.1.1 Quali;g .

All members of the staff at McHaeter are ecademicelly very well queli-
fied and have a PhD degree. Remarkably none of them obtained it at.
McMaster and there is a preat diversity in the universities where: they

. were awarded: twelve universities or university departments are repre-

" sented from Canada, fireat Rritain and the United States., This variety 1is
certainly a positive factor, bringing different schools of thought, types’
of training and experiences to enrich the depertmentel melting-pot.

In effect, this department is really an energetic and dynamic team and

each member is cooperating in an admirable fashion in the total educe-
tional effort, - 2 i :

Staff memhers are rether young, only two of them being over 43 yeare of
age. Almost all of them havé had® some experience outside the university
world, either .in industry, Bovernment or in research establishments. The
aggregate average for the whole department is over four years. A genuine
interest in real problems exists at McMaster and there are a number of
.cases of research projects in cooperation with industry:.

/

Ten of the staff menbers “have recordo of PhD theses eucceoefully conpleted -

under their direction and two more ark presently engaged in their first
experience at this level. Nearly all have past or present experience of
sunervising at the master's level.

8.1.2l NDiscinline Background

Four faculty members holo their first degrees in dieciplines other than

chemical engineering: two are civil engineers, one is a chemiet and the
other an epplied chemist. .
At the doctoral level,,with the exception of two in chemietry, one in

statistics and one in civil engineering, a11 were in chemical eriineer-
1ngo ] o &

8.1.,3 Research Productivity

Twenty-four PhD degrees have been awarded in the department in the last
five years and it seems that three or four staff members deserve the
credit for the great majority of them. It should be noted that four
faculty members have been at McMaster for less than five years. The
younger professors seem to be in the proceoe of picking up their ehere
of the load,

" The oublication record of two. of the. professors is truly remarkable.
For the others it i{s from good to very good with one or two exceptions,
considering the age and experience of the pereonnel involved,
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The data provided to the consultants indicate that the average NRC/
.DRB/MRC ' operating grants’ per faculty members teceiving grants were

lower than the Ontario and Canadian averages for the discipline in . '
1972=73. Again it must be remembered that the staff is rather young.

Nearly all staff members are receiving such grants. A sizeable number

of staff membhers received granta from other agenciles and even industry

in the last five years, :

‘8.,1,4° Fxternal Involvement

_The Mcﬂaatar ntaff seems to be performing {ts share of Faculty and Univcr-
sity administrative and committee work,

Some profeéssors ave activaly involved in eooparativa ‘research work for con-
sulting with industry. One of them has formed a company. They are active
in professional ‘and scientific aocietieo.

8.2 Resaarch Programmes° Plaaaification. Scogc and Coordination

The department has a policy of grouping research afforta under fivc hcadinga:

1) Process.simulation;’ : ' .
.. 2). Waste-Water Treatment; '

3) Polvmer Engineering; -

4) Chemical Reaction Fngineering and Catalyaia'

‘5) Transport and Separation Processes.

-

A stronger emphaaia is put ori the firat two catagoriea.

. These areas are sufficiently wide in scope to cover most of chemical’ eny-
" ineering as can be seen in Table 6.14 where the emphaaia placed on Process
Simulation and Waste-Water Treatment can be easily identified,

_Univeraity research coordination is not always easy to accomplish, but
this Department has achieved reasonable success in this direction and
. saems intent on pursuing its goal, -

8.3 begartmontal Goals and E&aluation

The Chemical Fngineering Department at McMaster expects to maintain a’
viable PhD programme with clearly stated objectives for continually
. strengthening and ‘improving it. The department's general philosophy
ahout the need for a PhD is pedagogically sound, The department is
convinced that a vigoroua graduate programme has the following values: -

1) 1Intrinsically valuable for itsclf \‘ (

2) It contributes importantly to enrichment of the under- '
graduate programme, N ' .

3) It contributea significantly to the quality of the faculty.
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The eeeential features of McMaster's goals for its PhD programme for the
mext five vears as determined by the coneultant team are summarized as '
follows: :

1) Five researgh areas will be selectively developed with the
recognition that a department cannot excel in every facet
~ of chemical engineering.,

~ 2). The depertnent does not intend to specify the numbers of
students in each of the five categories of strength because

students should have as free a choice as possible for their
research topic. . .

3)- The depertment hee identified as an ideal goal 20 full-tine
equivalent PhDs per year. This goal ellegedly would pro-
‘vide continuity of research programmes, :

Z) The department believes that its PhD graduates will not -
. -encounter 'employment problems because of the strength and
quality of the reeeerch programmes of the department.

5) The depcrtment recognizes. that there will be few feculty
‘additions during the next few years., However, no plan
was described for ensuring the maintenance of faculty
vitality during this equilibrium period.

\ .
-’
6) Hith reepect to poasible external conotreinto on the number

of PhD students, the department "would play its part in work- .

inf to such constraints, assuming that all universities co-
operated in accepting the constraints and' that COU adopted
the recommendations of the consultents" : ‘ 5

7) PhD cendidetee are encouraged to ensege in research which
' ‘cutg across discinlines and may involve direction from more.
‘ than a single professor,

| The denartment at McMaster appears to heve'eeteblisﬁcd’reelietic foals

and objectives which the consulting team believe to/be achievable and
productive, Possibly -the most important omission ir the goals was with .

-.respect to the question of how does the department plan to cope with

maintdining faculty vitality during a period of equilibrium of faculty
numbers. This does not mean such a plan does not exiet. ‘

8.4 Degartmen;cPoliciee o ' . N

The departmental policies at McMaster with respect to graduate admis- -
sion procedures, scholastic admissions standards, and processing of
application inquiries are professionally developed and operated.

4
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8.6;1 Qgeration. and'Adaiosionq

The department has established its own admissions standards which meet
and exceed the minimum standards of the Graduate School. This appears
to be normal practice for most departments of chemical engineering.
‘ The consultants found the department's operations with respect to ad=
‘missions policies and operations quite satisfactory. |

'8,4,2 Examination Procedures
L —t— . <
The Chemical Engintcring Department at McMaster has developed a sound
twvo-phase examination plan for its PhD candidates. 'These consist of &

. ¢comprehensive oral examinatiovn on basic chemical engineering and a written
plan of the candidate's research followed by an oral examination on the.
wvritten plan. The only flav detected in this plan was the fact that the

" research director has considerable input into the writtem plan. The con-

sultants believe the PhD candidate should be required to have almost total

independence in the preparation of the written plan.

N

8.5 Cooperation with Other chhrtleﬁto -

- Cooperation seems to be very good with other eugineering departmsents at
McMaster and with engineering departments in other universities in Ontario

" . and elsewvhere. There seems to be virtually no cooperative activities be-
tveen the chemical engineering and science departments such as chemistry <
or physics. The criticism vas voiced that these departments, although

. they sometimes paid lip serviceé to applied science had too ‘pure' an
orientation. The basic science teaching to the undergraduate chemical
engineers is however, done by the basic science departments. ‘

o 8.6 ‘PhD Studcnéo o o . e
8.6.1 . Numbers °

The number of PhD etudents at McMaster has averaged 21 during the four
_years preceding 1972-73, dropping to 14 during that yoaf?‘i!tcr the
‘awarding of seven degrees during the course of 1971-72, No difflculties
seem to be encountered with a student body of that order of magnitude.
The department itself vishes to maintain the.20-or-so level.

8.6.2 Origins - Inbreeding

This department has had a very good record cf attracting graduates from -
other Canadian universities. Its reputation also keeps many of its own
graduates at McMaster. At present at least, the ill-effects of inbreed=-.
ing seem to be minimal because of the presence of graduates from other "y
Canadian universities. ' : ‘ .
The department hag also managed to keep the proportion of Canadians or
landed immigrants having obtained their baccalaureate in Canada at or
above the 502 mark over the period  considered.

.
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N ' 8.6,3 ’Lengch of'Studies and Géhcrai Level of Satisfaction

The averape time to cdmplete doctoral studies from registration in.the
graduate schqgl'to the granting of the degree seems to be 5=5.5 years,

The atudents are enthusiastic about their doctoral work at McMaster and
they seem ta be very satisfied with all aspects of their life: amount of
" guidance, .competence and availability of faculty, cooperation between -
" proups, support -services, and even financial uupport, They seem to know
exactly what their goals are and to be quite capable of reaching them,

8.7 * Facilities and Services - T
The departmental facilities were found to be excellent, with relatively

- _modern labgratories all well equipped with modern apparatus and instru-
mentation,” Well=developed simulation techniques ‘tend to make the grad-
uate students 'engineering’ conscious, rather than 'science’ conscious.

8.8 Supporting Services

Computer facilities were found to be excellent and especially so in the

area of mini-computers. The shops in. the faculty were rated as excellent
with good workshops available in the déepartment. While. the main library
deserveg the highest praise, the departmental reading room vas in a state
of disarray. While part of this was due to building reconstruction, dis-
cussion with gradugte students led the consultants to belisve that the -
was_ysually n:k\:ory useful , o . o - "

. 8.9 Financial Support . _
0 - ’ . ‘
. The PhD students seem wSll supported financially averaging $4,500 per

annum, which is ohtained from a combination of contributions from _
research grants (~$1,800), teaching assistantships (~$1,800) and scholar- )
ships. Since the research grant input into the department is relative-
ly large, there seems no financial hindrance to the maintenance of a
airly large graduate school. '

In the graduate school (PhD and mastar's combinedi, averaged oVer the
years 1968-1973, approximately 15% of students were supported by major
/ “scholarships (greater than $2,500), o o

8.10 Employment

‘A1l PhD graduates since 1969 were able to obtain positions or post=-
doctoral fellowships as snpwn in the following table,
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Table 8,10
" First position held
Summary for 1968=69 to 1572-73
Employer . ' Ont, Rest of USA Home Other -Unknown
' Canada ;  Ceuntry : ' \
' .
Universitj- 1 ‘ 1
Industry “ s~ 1.2 SR S
Government - 4
" Community Colleg.e :
or High School ' 1
" . Pellowship L 2 L 3
Research (other -
than Fellowship) 3
Other ' .
Unemnloyed . _— -

Unknown

8.11 ° .Graduate Schoé;

The policies of the graduate school are comparable with those of most of
the other universities visited, The graduate school has only nominal -

" influence on the academic aspects of the PhD programme in chemical engi-
eering, and contents itself with appointing' committees for the PhD

" examinations, including the invitations to externsl examipers for thesis
reviev and participation in the final oral examination. External reviews
vere claimed to maintain the research integrity of the department, and to
satisfy the ethiiical concerns of the faculty neubcr..’ : Cs

The philosophy was expressed by»the Dean of Engineering that McMaster
desitres to develop strong graduate programmes as a high priority goal

compared with the undergraduate -programmes. -

8.12 Universiti Administration

-

The university adminibtratfbn.at McMaster was not expiored in depth; The
general conclusion was reached that engineering, and chemical engineering
in particular, were well supported by the university adainistration.
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9. . UNIVERSITY OF OTTAWA
9.1  Faculty . - .
©9.1.1  Quality o ' >

All members of the staff at this university are academically very well
qualified and have a PhD degree., Remarkably, none of them obtained it
at Ottawa and there is a great diversity in the universities whiere they
were awarded: seven universities are rspresented from Canada, Creat
Britain and the United States., This variety is a.positive factor sgsin,. ﬂ
bringing different schools of thought, types of training and experience
- to enrich.the depertnental intellectusl climate, '

The principal cherecteristic of this department is that it is strongly
disciplined and united under a firm leadership and takes very seriously "
its task of maintaining snd improving the quality of the doetorsl pro-

_gramme, S

The staff is rather young, six -members being in the 42-45 age bracket
and the three others in the 30-35 bracket, Almost all of them have had
some éxperience outside the university world, either in industry or re-
search establishments. .The aggregate average for the ‘whole department
is over three years. The department seems to keep in close touch with
the neerby laboratories of the Nstionsl Research Council,

‘Only threa of the staff members have recorde of PhD theses euccessfully
. completed under their direction but four additional ones are presently
engaged in such supervision. All have past or present experience in
supervising at the master's level,

9,1,2 . Discipline Background

All faculty members hold their first degree in chemical engineering. At .
the doctoral level they were also all in this discipline except for one
who specialized in applied chemistry.

9. l 3 - Research Productivitx

'Ten PhD degrees have been swsrded in the depsrtment in the last five yeerl.
. It should be noted that three faculty members have been at the University
of Ottawa. for less than five yesrs. The younger ones are all: presently
supervising either PhD or master's theses.

The publication record of two of the professors is truly remarkable. As
" for the others, considering age and experience, it is very good or good -
with only one exception, The department stands out as one of the best.
in Ontario in that respect,:

The data provided to the consultants indicate that the average NRC/DRB/
MRC operating grant per faculty member receiving grsnts wvere. ' .gher than
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the Ontario or Canadian averages for the diacipliqe,in 1572¥73; and all
staff members at this department are receiving such grants. '-With very

few “exceptions, these are ‘the only sources of rcocarch funds external to .

the univcroity.
N
9.1. 4 PExternal Involvement ' ‘ " _ .

Staff members are active in protca.ional and scientific gocieties to
varying degrees. About half of ‘them have acted as consultants to indus-

|

9.2 Research Proﬁ%ﬂﬁgeo: Classification, Scope and Coordinatfon

This dcpartncnt has & policy of grouping rcocarch cfforto under three

- major hcadingoz,

l) Thernodynamicc and Transport Prbpertico*

2) Kinetics, Catalysis and Reactor Engineering; .

'3) Transport Processes. L e
There has also recently becn 2 shift of emphasis toward grcator concern |
for thg environnent. :

Theoe areas are sufficiently wide in scope to cover a very large propor-
tion of the total field of cliemical.engineering as could be seen in

. Table 6.14, This table shows the accent on the abovc-pontioncd areas.
. The case of thermodynamics is a special one: even with only one active

staff nember; the activity is considerable.

There does ‘not seem to.be a definite policy for" tighter grouping 1n the

The Department of Chemical !nginccging at Ottaéa follows much the same
practice of other chemical engineering departments in Ontario” by classi-
fying its PhD research activitieo into areas or categorico. A

The department'e stated goalo indicated that in addition to continuing

- research in these areas, it intends to extend its "endo.vour. into
‘fields such .as Food Technology and Energy !nginccring

. The depertment emphasizes that its research intorcsto seek to "reflect

the demands of our socisty, student interests, and the desire to serve

_the community". The implication of this emphasis.is that the departrent

intends "to take every opportunity io maintain viability, and to keep
flexibility and versatility in doing mesningful graduate teaching and
research, and to switch from one type or area of research to another .

whenever there is such a need",

The department is solidly ‘convinced on the baoii of piot and pfelont
experience that its PhDs in the future will find meaningful employment
. < : : ' . - . , .
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and .cureer opportunities. = _ R :

The department's present research programmes are in traditional and useful
chemical engineering areas which have been of great value during the paat
decade. This observation, however, raises the question about the require-
ment for any university department engaged in PhD research, namely, -that
it should strive to be on the forefront or even ‘in front of the present .
practice of its discipline, Although the department at Ottawa expressed '
intentions to move into new areas of technico-social importance, it has .
X in fact not yet done so, It ia realized by the consultants that problems
and obstaclés associated with moving into new' physical facilities at
"Ottawa have been a major deterrent to maintaining sxistiua programmes,
- let ?lone inaugurating new ones. * -

9.4 Degartnental Policies

" The policies of the department with respect to operationa, admissions,
and examination procedures for PhD candidates generally follow the same .
pattern as in other departments in Ontario, oA .

9.4.1 Operations

‘Selection of new graduate students is coordinated by a professor charged
with this function. He maintains liaison with other department profsssors
.and 1s kept informed of their desire for and ability to accommodate new.
: graduate students. - The amount of departmental funds available for new
e graduate student support is made known to him by the chairman,

9.4.2 Admissions
\’ )
New graduate student acceptance is the prerogative of the departnsntal
staff, as determined' by majority vote. In the case of PhD candidate
selection this prerogativs is strictly observed and exercised, In the '
case of candidates for MASc and MEng degrees the chargé de sflection is
"~ given discretionary povers to accept new studsnts.

\

A decision on accegtance 1s hased on the usua1 combination of academic

-

record and letter of reference. In general, a student must possess- the
equivalent of a University of Ottawa B average in his last two years of
undergraduate studiea to be accepted as a graduate atudent.

4

)

Formal admission or ‘acceptance is done only after the School of Graduate _
Studiea approves the department's selections.

9.4,3 Examination Procedures

The department's procedures on examinations for the PhD appear to be less .
clearly developed: Oral or written comprehensive examinations are given
'{n'certain cases'. Progress on research is presented in review to the
denartmental staff, The thesis is reviewed by two professors in the
department, one other from within the university, and one from outsido
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and vho 1is 1nv1tod to attcnd the axanination.

A gcnoral 1mpreslion received by the consultanto wvas that the department
'1s still developing its procedures and policies for graduate otudont.
"and that preoccupation with the design and construction of new facilities
has placed 2 nuuber of acadenic mattero tcnporatily on a lower priority.

'};': . 9.5 i Coogcration wizh_gggg;_gggg;szggsg_

The departnent cooperates with othor onginotring departhments, with the
National Reaearch Council, but feels ‘its -owvn chemistry department is

too 'pure' in its outlook. The Chemical Engineering Department feels

it is self-sufficient with regard to major pieces of equipment (along
with those at NRC), so that the lack of interaction is not considered
by them to be too serious. The teaching of the basic sciences to under-
graduate chemical engineero is done by the scione. departments.

- 9,6 PhD Students T : B ' .
9 6 1 Numbers

The nunber .of PhD students at the Univoroity of Ottava has averaged 14
during the last five years. The dcpartu{'e—cnx;aiuly can handle a
v student body of thig size or even larger. It wishes to maintain this
size and has in the past resisted the témptation to 1ncroaoo it, pro-
-ferring to: naintain better quality in otudontn..

The department feels it has a special relpnnnibility for the Ontario
francorhoné community. . .

9,6.2 Origin. = Inbreeding

The largest single group Zf doctoral Otndcnto 1n this dopartncnt during
the last five years was that of foreign students who had obtained their
first degree in Aeia, However, the nimber ‘of graduates from Canadian
universities has gradually incressed and is now very close to" 50%. ' The
department has been a little under the Ontario average in attracting
grAduates from other Canadian universities; A stronger mobility among.
students would certainly help it in preventing inbreeding. When '
Canadian students are scarce however, 1t 10 natural for any dopxrtmont
to try retaining its own. . IO .

9.6,3 ngg;h of Studies and Gonoral Lével of Satiofaction

The average time to completc doctoral studies from rogiotration in the
graduate school to .the granting of the degree seems to be 6-6.5 years.
A partial reason for this must be the pdbr facilities availablc until

recentlv. " .

Only few .students were interview:d. Thevaore goneially quito'oatic-
fied wich all aspecta of their life, with tho doubtful oxception of one
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student concerning the advisor's availability, -Thooc students that were
interviewed saemed satisfied that this department was a.good. place for.
doctoral studies. ' : : -

L 4

e

9.7  Facilities and Services
The déﬁ;rtment is housed in a ncw‘ﬁuilding wicﬁ modern well-equiped labor=-

~atories containing capital equipment of the order of $500,000 which has

been installed within the last few years,

9.8 Suggorting Services

€he computer, iibrary and workshops were found to be excellent.

9.9 Pinanc;AI.Sugggrt

Graduate students are supported financially at a minimum of $3,800, a
maximum of $2,400 coming from a teaching assistantship, the remainder

"from a research grant,

In the ¢ombined master's and PhD programmes, betwﬁen l968-69kand 1972-73,

v 28% of the students obtained major scholarships (greater than $2,500).

f@.lO Employment

All PhD graduates since-l969.were able to obtain pocitionaéor post=- -
doctoral fellowships as shown in the following table,

Table 9.10

First position held
Summary- for 1968-69 to 1972-73

Employer _ Ont. Rest of ° USA  Home Other - Unknown

Canada Country
University -
Industry 3 ' - .

GoVernmengY

Community Collese
or High School 1

Fellowship -5 ' 1
Regearch (other . ’
othér

Unemployed

Unknown




A=55

9,11 Graduate School
The School of fraduate Studies at Ottawa has more than minimal involve-
ment in graduate programmes, ‘{embership of professors in graduate atudies
is 'open to all' on recommendation of department chairmen, New graduate,
courses are reviewed by fdculty councils for both the natural and social
sciences, Stienificantly, the costs of new courses are now being criti-
cally examined, Theses exdminers are appointed by the graduate school
as is the case at all other nniversities visited, '

9.12  Universitv Administration

™e unierstandine hy the administration of the need and importance of
gqraduate studies in a university was clearly enunciated by the Rector.
T™he consultants received the strong and comforting feeling that the
nector, the Neans of Fngineering and of Graduate Studies all have a deep
avareness and conviction that unless nraduate studies at the PhD level
continue to he strong and viable, the universitv' could he seriously
damaged and its responsibility to enhance and imnrove society would he
difficult to fulfil, a : ' :




A-56

10. QUEEN'S UNIVERSITY

10.1 Faculty

/10.1.1 Quality
A

All members of the staff at Qucen s are acadonically vell qualified and

have a PhD degree, with one exception and in this case the work is now

being completed. Remarkably, no one obtained it at Queen's and there 1is

' great diversity in the universities where they were awarded: ten uni-

" versities are represented from Canada, Great Britain and the United States.:
This variety should be a positive factom again, bringing different schools
of thought, types of training and cxpcricncc to enrich the dcpartlontal
1ntellcctual climate. -

It seems houcvcr. that the department has developed interest in a PhD
programme rather recently and because of special efforts of the previous
and present chairman. Possibly because of the previous lack of physical
facilities, it does not appear to have gathered the same momentum as in
other universities during thé expansion yearl. The total climate has now
improved however. - _ .

Only four of the staff members have records of PhD theses successfully
completed under their direction and three additional ones are presently
engaged in such supervision. - All have pllt or present experience 1n
supervising at the master's level.

" A 1ittle over half of the staff hll had experiencc outlidc the university
and the aggregate average for the department is about three years.

10.1.2 Discigline Background'

Eight faculty members hold this first dogrce in chemical ergineering.
The other disciplines represented are chemistry, applied chemistry, eng-
ineering physics and civil engineering. At the doctoral level, four
disciplines other than chemical engineering are present: biochemistry,
. chemistry, sanitary engineering and statistics. : : '

10.1.3 Research Productivity

Seven PhD degrees have besn .awarded in the department in the last five
years. No new additions to the staff hawe been made for four years and
thc nunber of full-time doctoral students has remained rather slnll.

.The publici:ion records of two of the profellorl are very good; it is

about average for: approxinatcly five others and low for the rest of the
department.

The data provided to the consultants indicate that the average NRC/DRB/
MRC éperating grants per faculty member receiving grants were well below
the Ontario and Canadian average for the discipline. 1n 1972-73. Eighty-
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three percent of the steff members received such grante 1n 1972-73. There -
is no other external source of research funds.

10.1.4 'Externel Involvement .

With one or two notable exceptions, faculty are only mildly active in .
‘Cprofessional or scientific societies. There is however, good.partici-
pation in univereity effeire. , '

A deep interest and activity 1n Kingeton s waste diapoeel problene should
‘also be noted.

10.2 Research Programmes: Classification, Scépe and Cooedinetion

This department défines its research ateas as follows:

1) .Biochemical and Environment Engineering;
2) Chemical Kinetics and Reactor Design;
'3) Process Control and Simulation'

4) Thermodynamics; :

5) Transport. Phenomena.

Here again the areas are so wide in scope that they cover most of ciaemical
engineering. This brings a rather uniform distribution of the efforts
under the nine headings of Table 6.14., There does not seem. to be a defi-
nite policy for tighter grouping in the future.

10.3 Dléertmentel'coelexend Eveluation

The Chemical Engineering Depertnent at Queen's has cleerly given more than
casual thought tc its plans and goals for doctoral work over the next five

- years. Undoubtedly this is due in.part to the fact that the university "
has been engaged in a study of its future during the next decade when the

. growth of the etudent body and faculty appears to be approaching equi-

; 1ibrium. .

. In generel,‘the'department plans "continued deve}opment of the course-
work and seminar aspects of the programme, and pursuit of research 1n the -
five areas in which the staff of the department are currently active"

'The department has attempted to make a realistic eetinate of its cepecity
to sypervise PhD candidates, and arrived at a capability ranging from 24
to 38 PhD candidates. However, based on consideration of factors such as
enrolment patterns, climate for doctoral work in Ontario, changing int-
erests of graduate students, employment prospects for PhDs and other
factots which influence prospective doctoral students, the department
estimates an annual enrolment during the next five years of from 10 .to 15
PhD candidates,

The Chemical Engineering Depertment.goele are based on experience, sound
planning, and conservative programmes. The research areas of the depart-
ment - on the books - would appear traditional, very similar in categories
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to those of other departments, and vithout obvious 'new directions'. How-
- ever, discussions with the professors suggest that strong interests exist -
-to extend their special expertise into new areas of research. Thus,
although the consultants sensed a certain aura of conservatism in both the
department and the university, nevertheless the very excellent development -
- planning and programme forecasting suggests that the department's goals
and future research activities will be relevant and reoponoive to the
prevailing neede of the province.
10.4 Departmental.Policies .

10.4.1 Operations

The Department of Chemical Engineering has done an excellent job in setting
torth its procedures and policies on graduate studies for the information

nf the students. A 23}-page departmental document outlines in detail mest of
the information which a PhD graduate student must know in order to progress
toward the PhD degree. This document reflects considerable thought and
nlanning by .the department for which it should be commended,

'xo.a.z Admissions

- The admissions proceduree and policieo at Queen's are of standard quollty
and in general reflect a goal to maintain scholastic excellence in the

- graduate programme. No deficiencies were evident.

{

©.4.3 Examination Proceduree | .

Cihe department'has deveioped an excellent set of_procedureo for evaluaring
the qualifications of a student who seeks the PhD degree. The required

cemprehensive examination is well conceived and eminently fair to the
student.,

The thesis »xaminetion follows the traditional practices of the province
and involves an external thesis examiner.:

in reneral the examination procedures at Queen's can be coneidered to be
NG n’lent

¢

10.5 -Cooperation with Other: Departmente

ood’ roopseacion exists between 'he Chemical Engineering Deportment. the
warious other engineering departments and science departments, e.g., math-
rmatics, blology - but not with chemistry or physics. The teaching of the
hasic sciences to the undergrrduate chemical engineers is done by the rele-
*1int science department. '

&



A-59 |
\
- 10.6 . PhDjStudento "] o Y
10.6.1 Numbers ' (

The number of PhD students at Queen's has aversged 10 over the past five

years. The department could handle a few more students., It wishes to :

expand and it claims that its capability is double that of the expected- oy f
. student body of 10-15 for the next few years. ‘

10.6.2 Origins -?Inbreed;gk

Queen's is one of the rare Ontario departments that has maintained a
majority of Canadian doctoral students in the department. This is due
mainly to retention of its own bachelor's, a situation that is not too
healthy and should be the cause of some concern.

10.6.3 Length’;f\Studieo and Gcﬁeral~Level of Satiofaqtion'

The average time to complete doctoral studies from registration .in the -
g?ndpate school to the granting of the degree seems to be 5.5 years.

~ The group of PhD students met at Queen's gave a good impression of dedi- .
cated young people who knsv what their aims were. They vere generally
quite sdtisfied with all aspects of their situation in the department:
competence and. availability of advisors, support services, etc. They
think that Queen's is a good place for their doctoral studies.

10;7 - Facilities and Services

The dépar;nent-io housed in a new building with excellent laboratozies,
office space and services. | - . ; B

10.8. Supporting SQrviceq .

Ancillary services such as computing, library, machine ‘hopo vere found ° .
'to range from very. good to excellent.

+

- 10.9 Financial Suﬁport

0f the master's and PhD students, 48% were supported by major scholar-
ships (1968-1973) of value $2,500 or greater. The rest were paid from a
combination of teaching assistantships and research grants. Stipends
ranged from a minimum of $4,000 to a maximum of $5,500.

10.10 Employment

" All PhD graduates since 1970 yére able to obtain positions or post-doctoral
fellowships as shown in the following table. '
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. " Table 10.10 -\

\ .
U ‘Pirst position held
i . - Summary for l969-70ito 1972-73

+Employer ' _ IOnt.~ Rest of USA Home Other Unknown
: T ' ° Canada - Country '

L Oy—

University - -

Industry ‘ 4 o . 1

Gov.rnment 1

Community College
or High School -

Fellowship : 1

Receafch (other
than Fellowship)

_ Other
Unemployed

Unknown

10.11 ' Graduate School

The graduate school's policies are similar to those of the graduate schools
* of other Ontario universitiés. Its principal functions, as far as depart-
' ments are -concerned, are to establish minimum scademic standards for ad-

mission, review applications of prospective graduate students, and to

appoint committees for PhD theses examinations. ' .

10,12 . Univeroitz Administration

The recent acquioiiion of a Dean of Engineering of national stature who
has a strong interest in the development of research at Queen's seems to -
augur ‘well for the future. : ' :
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11, . UNIVERSITY OF TORONTO _
11,1 Faculty . - e . - g
.11 qualiey N o . | |

Members of the staff at Torontogare academically well qualified snd hsve

a PhD degree, save for four more senior members. About half of the fscuLty .
‘hold a degree from the University of Toronto, either at the bachelor's ‘
or ‘the PhD level. For the higher degree, sbout fifteen universities in’
Canada, the U,S «A., Creat Britain and Australia awarded them. There is
enough’ of ‘the necessary diversity to bring in different schools of thought
and types of training to avoid inbreeding and produce a proper milieu.

In addition, two-thirds of the steff members have had experience outside

the university world, mostly. in industry. The aggregate average for the
whole-department is five years. ' '

This department has of course the longest history of a doctorel progrsmme
in Ontario and it is experienced and seasoned. Eighteen faculty members
have records of PhD theses successfully completed under their direction
-and five additional ones are presently engaged in such supervision. Neerly
* all faculty have past ot present experience if supervising at the master's
level. -

“The age distribution in the department is probably the closest to Gaussian
that can be found snd this is, of course, helped by the size of the
dppartment. _ . - . 4 .
The department seems to keep very good contacts with industry through insti-
tu iohslized or individusl consulting. :

.

11,1 2\ Diecigline Beckground

It must be realized that this depsrtment 1s one of Chemicsl Fngineering
and Appliec Chemistry. This renders the situation much more complex than
elscvhere.  Seventeen members of the staff hold a bachelor's . agree in
chemical engineering, s8ix others were in chemistry and the rest is split
among metallurpgical engineering (2), engineering physics’(2), civil eng- T
ineering, mechanical engineering and physics., At the doctoral level, only '
thirteen degrees.are in chemical engineering while nine .are in chemistry;.

the- remainder sre\in ceramics, physics, composite msterials and polymers.

ll 1. 3 Research Productivitx,' ." ' ":””*’"?"

Fifty-two PhD degrees have been awvarded in the department duting the last
five years. This is by far the largest output of any chemical engineering -
department 1in Ontario. : '

At least half-a=dozen faculty members have ‘an outstanding publication re-
cord and around fifteen others have a very good one, On the average, the
department is certainly one of the best in Ontarid. The number of patents
held by staff members is quite impressive by Canadian standards,

\




The data provided to the conoultantl 1nd1cat¢ that the averasc NRC/DRB/

MRC operating grants per faculty member receiving grants were the highedt

in Ontario and probably in Canada for the discipline in 1972-73, Eighty
percent of the staff received such grants in 1972-73. It must be noted

that a large number of professors receive important grants from other

government agencies or industry. Thus, money to support the total research
effort in the department seems to be more plentiful than elsewhere. '

11.1.4 External Involvement'

In a department of this size, one expects to find a great diversity con=
cerning involvement in university, civic, professional or scientific
societies. Furthermore, the location of the department of Toronto makes
it much easier to keep contact with 1nduotry through the largc nuaber of

‘ alumni.

cOnsulting by staff members seems to play an important role in their total
activities but the department denies that it has any dctrimental effect on
purely academic endeavoura.

o 11,2 ‘Research Pro raqne:~ Clhcoificatigg;,Sco e .and Coordination o S

Without making a policy of grouping staff members in given areas of -
specialization, -the department has, -for its own-use, eight categories
to clasaify ite research activities: '

1) ,Applied Physical Chemiotrv°
2) Chemical Xinetics and Reactor Design; .
3) Corrosion and Electrochenistry. |

4) Nuclear Fngineering:

5) Polymer Technology;

6) Thermodynamics;

7) Process Design and Simulation;

8) ‘Heat and Mass Transfer.

Table 6.14 shows a rather uniform distribution in all areas with an
emphasis on applied chemistry, which is quite normal for this department.
Occasionally, two professors will team up for part of their research
activitiecs, but otherwise, the 1nd1vidua1 is completely free to aelect
his own path. S '

11.3 Denartmental Goals and Evalﬁation

The University of Toronto has expreao@d-its goals as follows: "...it is
our plan for the future to continue training as many students as we are
able, to be competent, and hopefully even. ingenious, problem=solvers",

The consultants reflected at length'on Toronto's goals and objeétivto.
The statemant of goals was rhetorically entertaining, but not convincing,

.- - . - .. . . . [P —— - ——
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On the basis of the consultants' discussions with the department chair-
man, it became apparent that the department's goals and philosophy were
motivated and determined by a strong entrepreneur syndrome. This was.
underscored in the discussion sbout the Chemical Engineering Research
.Consuitants Limited (CERCL) which has been established by department
members. The philosophy of the department clearly stresses innova-
tions, inventions, and the creation of private enterprises. The
¢+ consultants' views on this departmental philosophy are mixed. One

view is that, as a concomitant activity, it is not an especially stable
base for graduate student education at the PhD level. Another view is
that the faculty can become 80 preoccupied with the creation of companies
and the solution of short-term problems, that the students are not given
the appropriate or adequate instruction in research on a long-range basis.
‘In the consultants' subsequent discussions with various university offi-

. cials, the concerns expressed above were allayed. As a resylt, the com-
sultants believe that wise departmental leadership can ensure a proper
balance between the academic responsibilities of the faculty members
and their entrepreneurial goals.

11,4  Departmental Policies

The policies of the Chemical Engineering Department at Toromto in many
respects have unique characteristics. Probably the best description .of
the policies would be that they are 'real-world oriented'. The philo-
---sophy behind this orientation was the subject of cdngiderable discussion,
but the short time available for the consultants' visit may not have '
revealed the full depth and implications of the departmental. philosophy.

11.4.1 Operations

_ The depattment's operations are best described as being fluid and versa-
""tile. In order to underscore the real world concept, the department
members formed a corporation about ten years ago. This step.was taken
on the. theory that the departmsent should have real world involvement, and
that older faculty should help younger faculty'gain experience. The
cbrporat}on, knowri as Ch¥mical Engineering Research Consultants Limited
(CERCL)," has started 25 research prograsmes in small industries. There,
is much to be said for this philosophy, both pro and con. Again, it was
difficult for the consultants to develop a clear assessment of the modus
operandi of .the department. Clearly, however, there appeared to be sub-
- = - stantial enthusiasm for the real-world philosophy. ' .

11.4,2 Admissions

.-Administration of graduate admissions policies is conducted by a staff
, member appointed as a graduate secretary. - This person is responsible
_ for approval of master's and PhD programmes and is concerned about grad-
uate féllowships and support. Generally, the individual is in this
position for three or four years. - Admissions procedures are substantially
the same as in other chemical engineering departments in the Province.
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11.4.3 Exnniqatipn Procedures

Examination procédurel for the PhD candidate are generally similar to
those of other departments in the Province, and there is a point during
the candidate's career, usually after the first year, vhen the department .

‘decides vhether he is eligible ta proceed for the PhD, The thesis exami-
‘nation involves both faculty from Toronto and an outside thesis reviever

and ezxaminer, . ¢

AN

“11.5 Cooparation with Other Departments -~ ~ —---—— -

The depa-tment feels extremely self-sufficient since it is composed, in

addition to chemical engineers, of some whose basic training has been in
chemistry, physics, etc. Even though the research in the Department 1is
extremely varied, very little evidence of inter-departmental cooperatior .
is visible. Practically none comes from the chemistry and physics depars-

.ments. Only one basic chemistry course taught by the chemistry department

to undergraduate chemical engineers is required, ' For example, the teach-

- ing of chemistry courses is not done by members of the chemistry depart-

ment, but by the Department of Chemical Engineering and Applied Chemistry,
11.6 ° PhD Students =~ . - L T
11.6.1 Numbers

The number of PhD students at the University of Toronto has averaged forty-
five over the last five years. .
A population of forty PhD students represents 1% students for every faculty
member who has in the past been directing such students or who presently {s.
It is doubtful whether any increase above this number would be beneficial
to these new students or to the student body as a whole, considering the

- present department attitudes toward the graduate students, and the support

facilities available.

On the other harnd, the department wishes to have as many students as it
feels the market can absorbd.

11.6.2 Origins - Inbreeding -

The department has managed to keep among its PhD students a ratio of three
graduates from Canadigp universities to two graduates from foreign univer-
sities during the period of 1968 to 1972. However, in 1972-73, this ratio
fell to unity. Since the department appears to have (or so appeared in -
1972-73) the weakest relative power of attraction for graduates from
Canadian universities (see Table 6.9.1) it must be concluded that the
graduate student body contains a very high proportion of bachelor's from
Toronto, o '

More mobility among Ontario graduate students would benefit departments

and students alike, The present situation at ‘Toronto is a potential gource

)
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.of ‘déngerous inbreeding.

11.6.3 Léngth of Studies and General Level of Satisfaction

-Tue average time to complete doctoral studies from rogiltration in the .
graduate ochool to the granting of the degree is of tho ordcr of 5.5
- years. '
1‘ 'R
Thia department is the only one where serious complaints were heard from
—PHD students. While they still think that their decision to tske their -
PhD at Toronto was a good one, they are most unhappy about certain dapart- '
mental attitudes and oupport services, . ° . '

Sone students claim, rightly or wrdngly, that consulting takes so much of

their advisor's time that they have difficulty in seeing him as much as they

would need. Students criticize the department's apathy in organizing activi-
. ties that would provide on a continuing basis a stimulating milieu for them,

such as seminars. They claim that, of the numerous graduate courses offered
. on paper, too few are really given, too often selected for the needs of the

practicing engineers vho register in the course nnoter s programme and thus
. given in the evening. .

.
One universal source of discontent is the: poor quality of tho oerviccl ,
obtained from the engineering library and to a somewhat ledser degree from

" the departmental machine shop and stores. Many students go regularly to a
'nunicipal lidbrary to rcad chemical cngiueorins tcchnical journals.

11.7  Facilities and s.rvicel

The chenical engineering buildiu; is now undcrgoinz cxtcnnivo moderniza-
tion and shows promise of being converted to a first-class building, The

type and quality of -instrumentation are evidence of a mature, well-financed
department.

3

11.8.  Su érti Services

By contrast, some of the supporting services range from mediocre to very .
poor. The computer facilities are excellent. However, complaints rcgard-
ing the engineering library were general among staff as well as graduate
students. Complaints were vociferous, especially among the PhD students,
about the lack of security systems which resulted "in long absences of
journals, books, etc. The students complained of a 4-6 month backlog

in the badly-overloadod chemical engineering workshops.  In the spring

the situation was described as intolerable when 4th-year undergraduate
projects saturate the shops. The store-room was also being renovated

and enlarged but was found to be full of outmoded glassware and ancient
bottles of chemicals. A major effort is néeded in the area if this facil-
ity is to be useful. _ , . "
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‘_ 11.9 Financial Suggg rt

of ‘the naator s and PhD students §1968-1973) 45% were oupportcd by anjor :
.scholarships (greater than $2,500). The remainder received an average of
$4,160, of which $3,360 came from the research grants and 3800 for services
as teaching aooiotanto. ‘

_11.10 Egglozgent

" No unemployment problem exists for graduates of this doparticnt'uhich e
produceo the largeot number of PhD chenicgl.onginccro in Ontario.

Enploynent statistics for PhD graduatoo of thio dcpartlont for the poriod

"~ 1969-73 are shown in the following table.

‘e

Table 11.10 ot

, First position held .
Summary for 1968-69 to 1972-73

A
L

Employer " Ont. Rest of USA ‘Home . 6thcr " Unknowm -
o Canada . Country :
- . - .
University . - 9 ' ' 1
Industry 22 2. 3 .
Government 3 1

: Cimnuﬁity College. L
or High School o o !

Fellowship = 3

Research (other
than Fellowship) 7

Other
Unemployed

Unknown




11.11 Graduate School'

In general, the graduate school ot Toronto hoo about the same role as the

. graduate schools of all other Ontario universities. 1Its influence is

' primarily academic, with very few funds available to support graduate’
activities of the departments. The conoultonto felt that in general the
chemical engirieering department was highly regarded by the graduate ochool_
and ranked high in comparison with othor onginootin; departments.

11.12. Univoroi;z;Adniniotrotion

The university administration has just completed a study of .the problems
facing a university under a steady-state situation. There was clearly
some concern and some uncorﬁlinty about the effect of CERCL on the hiring
policy of the Chemical Engineering Department. There was also an apparent
" worry about whether young faculty were getting caught up into comsulting
activities too early in their careers. In a discussion on tenure policy,
it was pointed out that new policioo nov-being written will carry criteria
for outside consulting. Without exploring -the present tenure practice in
depth, it appeared that tenure decisions were largely departmental in
nature, starting with a recommendation from a departmental committee, with
approvals going through the Dean, the graduate school, and certain cognate
departments. The consultants were impressed with the realistic views of

_ the Vice-President and Provost and his opporont insight into the chemical
engineering deportnent'o activities. A .




12, UNIVERSITY OF WATERLOQ
12,1 Faculty
12.1.1 Ouality

_All members of the Chemical Fngineering Department at this university are
academically well qualified and have a ThD degree. "None of them obtained

it at Waterloo and there is great diversity in the universities where they
were awarded: nineteen universities are represented from Canada, the U.S.A.,

' . Creat Britain, Germany and the Netherlands. This is certainly an extreme-

ly important fiztor in enriching the collective way of thought end methods
of training students in the depertment.

: AlthOugh the quelity of researchers is by no means uniform, there is a
large group of very productive people and there is an excellent spirit
of cooperation emong the staff, providing a stimulating nilieu for stu-
dents.

The age distribution of the staff is almost Gaussian, ranging from 29 to
53 years, which mekee it a rather young group., Eighteen faculty members
have had experience outside the university world, mostly i{n industry and
the avrregete average for the whole depertment is four ysars.

Seventeen memhers of the staff have records of PhD theeee eucceesfully
comnleted under their direction and four others are presertly engaged
in their first experieénce at this level. All but one have experience
of supervising at the master's level.

12.1.2 Discipline Background

Six faculty members hold their first degree in disciplines other than
chemical engineering: four in cheamistry, and two im metallurgy. At
the doctoral level, eighteen were in chemical engineering, six in

chemistry, two in metallurgy and one each in.controls and statistics.

It must.be remembered thet/thie department teaches more undergraduete
chemistry thantie usual for a chemical engineering department,

'12.1.3 Research Productivity

,Th;rty;six'PhD degreeé have been awarded in the debartment during the
last five years, This is the second largest output in Ontario.

At least four faculty members have a remarkable publication record and
about a dozen others have a very good one. These form a high quality
K/RTOUD,

The data provided to the consultants indicate that the average NRC/DR8/
MRC overating grants per faculty member receiving grants were about .
average among Ontario departments but slightly above the Canadian
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average for the discipline in 1972-73, BightyQtvo percent of the staff
received such grants in 1972-73 but there was no single very large (abovc
$20,000) grant. o

A large number of'faculty members also receive sizeable grants from other '
agencies, Availability of rcocarch money 1. then not the limiting factor
-in PhD output., : . :

12.1.& Extcrnal-lnvolvcncnf

Here again, a large dcﬁ;rtucnt proocnto vcryin; dcgrcco of involvement 1n ,
. university, civic, professional and scientific societies. Waterloo is we'l
located in an industrial area, allewving eagier contacts with industry.

A noderate.auount of consulting brings in some new ideas for rioﬁarch._
Cliooificaticn. Scope and Coordination

12,2 ° Research Programmes:

Historically, research activities-in chemical engineering at»waterloo have
fallen into five groups: - . .

1) Biochemical and Food Engineering; .

2) . Extractive and Process Metallurgy; ' .

3) Polymer Science and Engineering;. '

4) Mathematical Analysis and Control;

5) Tran.port Processes and Kinetics.
Here again, the ocopc in gcncrally rather wide oo that a lazge sector of
chemical.engineering is covered. : ; '

The groups exist to coordinate courses and to make more efficient the
acquisition of research cquipneut. the use of space, the recruiting of
students, etc. .As new staff joined the dcpartncnt. it.became natural for
them to jein one of the groups.

This clasaifiqation corresponds gencrilly to that found in Table 6.14.

12.3 .Degarunental‘coai‘ and Evaluation

The statement of goals and objectives for the Department of Chemical Engi-
neering at Waterloo was less positive and definitive than the statements
of other departments. The question of doctoral planning at the depart-
mental level was avoided by the excuse that "...an atmosphere of rapidly
changing provincial educational policies, ongoing re-negotiations of
Federal-Provincial cost-sharing arrangements, and fluctuating atudent
enrolment (our 1972 first year, undergraduate enrolment was 40 higher
than in 1971 which, in turn, was 302 lower than 1970)..." makes planning

...alightly less meaningful than King Canute's effort at control)ing the
' ocean",

As a result of the concern expressed above, thc dcpartnent'l goal is set
forth by the following statement of the department: "In such an atmo-
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sphefe of uncertainty.nnd change, one can only adopt the objective of

" continuing to educate those high quality PhD students who are attracted

to us. We can do this only by providing them with an enviromment in which
high quality research is directed by strongly notivatcd'fnculty".

In spite of the rather diffuse statement of goals by the department, it was
clear, as in the case of other chemical engineering departments, that
Waterloo has endeavoured to group its research activities under five cate-
gories;.a sixth group in Envirommental Engineering is in an embryonic gtate
.and concerned at this moment only with course development. It is also .
worthy to note that the department intends to ensure research activities by
the use of more post-doctoral fellows and hired research assistants (non-

- degree candidates) if this should become necessary. L "

12,4 Depnrtnen;allroliéiel

.pepnrtmental operations are administered by a Chairman and two Associate
Chairmen. There are 28 full-time faculty, with several generally on leave
at any one time. ‘All‘undergraduate students study on a Co-op Programme.

12.4.1 Operations

Departmental operations clearly are affected by the Co-op Programme, with a
continual movement of groups of students into and from industry each terwm.
At any one time, on and off campus, there are from 400 to SO0 undergraduate
students in the department. At the graduste level, five major groupings

are identified which reflect existing research interests of the staff. How- .. .
~ ever, ‘not every faculty mémber can supervise PhD students.

\

© 12,4,2 Admissions

Adnission practices again are somevhat the sace as those of other depart-
ments, starting with the receipt of initial inquiry, followed by a chain
- of steps resulting in the final selection of qualified applicants. The
department looks upon all incoming graduate students as master's candi-
dates even if they alieady have this degree. This policy undoubtedly could
result in a longer than necessary time spent in graduste study if an in-
coming student with a master's is indeed qualified to proceed immediately
toward the PhD. In those cases where a graduate student has been in the
system for thirteen teérms, his situation is scrutinized by the graduate
school to determine the cause, _

12,4.3 Examination Procedures

The principal examinstion for a PhD candidate is the so-called 'proposi-
tional exam', for which the student prepares a comprehensive literature
review and conducts some preliminary experimental work. All examinations
are chaired by the Associate Chairman in charge of graduate studies. Thesis
exaninations again follow the usual pattern of a combination of depart-
mental and university faculty plus an outside or external thesis examiner.




'12}5 Coog.ration.vith Other chartn&nto

“

~ Cooperation seems to be vcty good with other on;inccrtng depamtments, but
.no: cross—fertilisation with phyoicu and chemistry departments was noted
-(other than the occasional use of large pieces of equipment and one cross-
appointment with chemistry). Chemistry courses are taught to the undcr-
graduate ongineoro tn part by the chaliotry dopartlcnt.

12.6 . PhD Students
12.6.1 Numbers

The number of PhlL otudcnto at the University of Waterloo has averaged

thirty-nine over the last five years. The department believes that these

rumbers will decline in the immediate future as fewer studenté become

. interested in PhD studies owing to fallacies spread by the media concern-
" ing the lack of demand for PhDs. Under these conditions, the department

does not want to specify ‘any desired number of otudento, ‘but will otrivo )

to maintaj- or 1nprove present quality.

12.6.2 Origino - Intrcodinl_

" During the period 1968-73, the proportion of fuli-tiﬂ. c.ﬁ.dtan PhD students

to foreign students, has gone down gradually from 1-to.2 to 1 to -3 or less
at Waterloo. This university has had the largest nuabers of students from
Asia and the Middle East. The department has had average success - by
Canadian standards - in attracting students from other Canadian universities.
At the same time, a small proportion only of its large graduating classes

‘ stays on for graduate studies. This may be the result of the operation of
the undergraduate Cooperative Programme which builds into the student a
teridency to take up permanent employment immediately upon graduation. .

12.6.3 Length of Studies and Ceneral Level of Satisfaction

This university vas the first to:be visited by the conoultauto as a group
and out of inexperience, they did not request a meeting alone with students.
Theée were met individually, in presence of their supervisors so that the
views expressed were probably.less candid than elsevhere. At any rate, the
students all:.seem to be well satisfied with thetr environment, and also
with oupport facilities of all kinds.

The average time to complete doctoral otuﬁioo from registration in the
graduate school to the granting of the degree seems ‘. be somevhat shorter
than in most other departments at 4.5-5 years.

12 7 Factlitioo and SCtViCCI

- The department is housed in a new building with excellent factlittoo and

.-laboratories. The cquipn.nt however, is all small scale, falling almost
entirely into. the 'engineering science' category, rather than in the

.'cnginncring one. .

L}
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12,8  Supporting Services

Computing and workshop facilities were found to be excellent. While the
departmental reading room and main library were classed as very good, yet
complaints u.re voiced that great lacunae existed in the biological and bio-
medical science areas (needed for those in the area of bio-engineéring).
.Complaints were also voiced about the inordinately long time it tuok for
inter-library_ loans to arrive. ‘ ' ‘ '

. \

.

12.9 ?1nnncial Support

Graduate students receive a ainiz'm of 36;500 per yoar; '0f this amount,
$3,300 1s from a research grant (typically NRC) and $1,200 from the depart-
ment for services renderea a: teaching assistants, ' -

12,10 Eaployment

Data re employment of PhD students (1969-1973) are shown in the following
‘table." . : C .o '

Table 12,10

fiiot position helc
Summary for 1968-69 to |

Employer . Oont, Rest of "USA Home Other Unknown
: . : Cinada Country - '

University 2 2 ] 1

‘Industry ' 7 )

‘Government -

-Community College

~or High School 1

‘Fellowship 1l ' ' 1

" Research (other 4 o 2

“than Fellowship) - A 1
Other o . | .5 .
Unemployed 3 : . R

Unknown: = = . - y 1

12,11 Gradgato Schooi

At Waterloo, there is no graduate scfool or racdlty'éf Graduate Studies
as such. However, there is an office with a Dean of Graduate Studies who
chairs a graduate council. The main funétion of the latter was stated to
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be the screening of PhD thesis commfttees and external examiners. Ohly
_ informal ties exist between the graduate council and the departments of

. the universiy, vhich is more or less. the normal state of affairs in
most of the Ontario univcr.itico.'

12.12 Uuivcroitz Administration

No direct diocuooiono vere held vith individuals at the top administrative

level so that it is not appropriate for the consultants to comment on
administration attitudes in the case of Waterloo.




a®

13, UNIVERSITY OF WESTERN ONTARIO

13,1  Faculty

13.1.1 Quality

All members of the chemical engineering group are academically well quali-
fied and have a PhD degree.’ One of them obtained it at Western Ontario

and there is a good diversity in the other universities where they were
awvarded: eight universities are represented from Canada, the U.S.A., Great
Britain and Australia. There is thus a good mixture of schools of thought
and types of training bcinging cnrichlant to the 1utcllcctu.1 life of the
group. .

The latteﬂ'ic remarkable for its cohelivenell. its enthusiasm aﬁd its

_ability to take courageous policy decisions.

The age distribution is somewhat unusual. All are in the 43-49 age bracket
except for two younger and one older staff members. It is a mature group,
with varied experieucel of doctoral programmes. _ T .

* " All members but one have had some experience outside thc univcrlity vorld.

either in industry or in. goverunont° the aggrcgato average tor the group
is over six years.

_ Five menbera of -the ltaff have records of PhD ihclcl successfully completed

under their direction and the five others are presently engaged in their
first experieuce ‘at this level. All have experience of supervising at the
master's level, - ™ : ' ' .

" Great efforts have been made vith good success to reinforce. their group

during the last decade.

'13.1.2 Discipline Background

. Two staff members hold their first degree in dilciplincl other than cheai-
" cal engineerius. ~one 'in chcniltry and the other in bacteriology.

At the doctoral level, two vere in choniltry, one in biochemistry, one in
microbiology and the others in chemical engineering. :

The name of the group in fact is Chemical and Biochenicil Engineering.

13,1.3 Research Productivity

[

Only three PhD.degreea have been awarded in the group during the last five
years, as the doctoral programme is a rather recent endeavour.

Two faculty members have a remarkable research publication record and three .
others have a very good one. The rest is average or below average.
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The data provided to the .consultants indicate that the tvcragc NRC/DRB/
MRC operating grant per faculty member receiving grants was slightly
" above Ontario and Canadian averages for 1972-73. Three=quarters of the
otaff only received such grants in 1972—73. .
-Sono staff ncuberc aloo gct reoearch -oncy from other agencies and from
industry. . .

13.1.4 External Involvement

Hany staff members are active in university affairs and a few are quitc ;
" active in professional and ccicntific societies. Only a moderate amount
of - conculting is done. '

13.2  Research Proxranncc: Classification, Scope and Coordination

As a cohocquence of a poiicy of the Faculty of Engineering Science, this
group has deliberately selected four well-defined areas of research and

‘all faculty members had to drop projects that did not fit them. These
areas are:

1) Bio-engineering, R
2) Fluid-Particle Systems and Fluidization,

- N 3) Environmental studies; '
4) Sysths Engineering.

Table 6.14 shows, by the blanks lcft in the Western Ontario colu-n. how
selective this procecs wvas in conparioon to the choice of other univer-
ﬂitie. . : ..

The increased emphacic on environmental studies is a consequence of the

" faculty's decision to follow the recommendations of the Ring of Iron
" report. ) * . R

.13.3 ' peparfmcntal Goals and Eva}uationu

The goals of the Chemical Engi--eering Group at Western Ontario were set
forth in considerable detail and in terms of each research area or cate-
gory. Probably the major feature of the goals and objectives is the heavy
emphasis on the development of environmental systems. The plan for the
development of Environmental Engineering appears to have been soundly and
thoroughly thought through and should be regarded as an important and
tesirable goal for the faculty and for the Province. In general, -the re-
search programmes and the respective goals appear to have a large measure .

- of relevance irn terms of the needs of industry, society, and the govern-
ment. Furthermore, the goals of the group have strong and appropriate

- {interdisciplinary characteristics and good ties with Canadian industry. -

It would ippear that ehe,goals of the group have excellent prospects of

gioducing PhDs with a strong fundamental understanding of basic chemical
ehgineering coupled with a food perspective on the applications of this

/
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: basic knovlodgo to important problclo of 1ndu.try and the government.
Furthermore, these. interdisciplinary activities are very much in the
direction, as. necessary, for improving the interaction of technology

:, vith social problems. Under the leadership of the Dean of the Faculty, .

who is also a member of the group, the goal of developing a Centre for
Systems Analynin Control and Design should make them especially strong
in this much needed and essential area. The engineer in the next three
decades must be well grounded in tho concepts of nyotcln, uot only toch-
nical but sociotechnical.

13.6 ' Depgrtnontal Policiol i/;

13.4.1 Ogeration.

- Operations are- similar to those of most of the’ chclical engineering de-
partments of the Province, namely, the presence of a group structure based
on classical engiheering disciplines. This categorization or identifi-
cation of research areas is probably convenient, ,but’ the group emphasized
that it is not intended to be restrictive and cncoura;on faculty members
‘to enter into cooperative rcloatch vith other groups and other faculticl.

The group is offoctivoly directed by a Chlirlur with adliniltrativo assis-
tance from his staff. The procedures for handling the faculty noodo are
carried out effectivoly and vith a ninimum of red tape.

13.6.2 Aduissions

The. admissions practices of the group and the graduate school are fairly

- similar to those of the other departments visited, and adhere to standards
" which endeavour to ensure quality in the graduate students admitted. The
University of Western Ontario, in common with' the other universities, is
faced with the.problem of reviewing application requests for many foreign
stwdents and making decisions on maintaining a desirable balanco betveen
Canadyan and foroign students.

13.4.3 Examination Proccdurell

, . . . ;
PhD candidates are required to satisfy faculty standaids through the usual

" system of exnnination-, vhich appear to be adequate tests of student accom-
plishment and quality. "As im other cases, the thesis oxanination includes

an external examiner sélected by the graduate school. ?

The departnont encourages polt-doctoral fellowship appointlontl, and currently
has from six to eight in the departmcnt. Such appointments give strength to
the research progrannos. : 5 e |

13.5. Cooperation with Other Departments

" The Faculty of Engiﬁcering Science is not set up on a departmental structure,
so that it is difficult to assess tho contacts of the chemical engineers
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with the other -engineering disciplines. Individual chemical engineers
" sesmed to have good contact with other engincers in the Faculty. - Vir-
tually no contact at all occurs between the chemical engineers fnd chem- :
ists. The teaching of basic chemistry to undergraduate engineers, hov!vor,
is done by the chcuiotry dlplttl.nt. ' _ G

131.6 PhD Studontl
13.6.1 Numbers ... _.—-- -

The number of PhD students at Western Ontario has averaged fourteen O;If
' ‘the last five years. In contrast with many other departments, thi. num-
bor has bcou ltondily growing from nino to twenty.

The group is not too keen on large 1ncrca|o| for the immediate future; 1t
would accept one additional ltudgut each year or every second year.

. 13.6.2 oOrigins - Inbreeding- | o .

The University of Western Ontario has been one of the most successful .
(vith McMaster) in attracting a large proportion of graduates from other
Canadian universities. This may have been due in a large measure to its
specialization in bio-engineering and environmental studies. Poreifn
students have, howcvor, Jeen in hrgo majority, as conpaud to Canadians. .

13.6. 3 Lon.th of Studiol and Gonornl Level of SQtilfaction

The numbers involved are too small to allow a meaningful calculntion of
~ the duration of doctoral studies. .

" The Phn students are quito satisfied vith all nlpoctl of the working con-
ditions in this group. The few sources of complaint that had existed 18
months ago during an. assegsment aade by. one of the connultantl have nppnr- '
ently been eliminated. :

13,7 Facilities and Services

The chemical engineers are housed in a relatively new building with very
good facilities, although certain research areas, e.g., biochemical engi-
neering, are housed in a so-called 'temporary' building. Every area seems
extremely well equiped, not only with good laboratory oquiplent and instru-
mentation, but allo on a macro lcvol. '

13.8 Supportiqg Services

The library, computer, and vorklhop fncilitiol wvere all found to be extremely .

good.

13.9 . Financial Support -

Only 7% of students (1969-1973 average) were supported by major lcholnr-
ships (value greater than $2,500 per annum). The others (from data

»
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supplied by the department) received an ave:agefbf $6,QQO per annum (made
up of $3,360 from research funds and $2,640 from teaching assistantships).
This seems to contravene the COU dicta;; - ' : '

13.10 Employment

Since.there were no .PhD griduates in 1968-69 and 1969-70, employmeﬁt.data_
in the fnllowing table refer only to 1971-1973. :

Table 13.10

First position held o ’
Summary for 1970-71 to 1972-73 '

' Enﬁloyer | Ont. Rest of USA  Home Other Unknown
' ' ' Canada Country . ' '
University - . 1 1
Industry. I | '

 Govermment

Comnﬁnity-College'
or High School’

Fellowship

Research (other
chan Fellowship)

' Other
.Unemployed
Unknown

‘.

13.11  Graduate Séhgol

The Faculty of Graduate Studies is under the direction of a new Dean, who

is very knowledgeable about the problems of graduate education and who
appears to have capability and competence to cope with the shifting sands

'of new graduate programmes. The graduate school does involve itself in the
development of establishing a select list of faculty members who can direct
graduate work and supervise PhDs., 1In general, it appeared that the faculty
has good relations with the departments and groups and is suppbdrtive of their
needs to the extent of its limited financial capabilities. ' '

13.12 University Administration

The administration of the university, judged from a brief visit with the’
‘Academic Vice-President, would indicate -that Western Ontario has a pro-
gressive and forward-looking administration, which will ensure that the
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academic pro;ta-u tmin ctron; and that vuk ones v111 be qcrutiniud
vith comidcublc care.

e
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14.  UNIVERSITY. OF WINDSOR
14,1 . Faculty -
16.1.1 Quality

" Five ‘of the seven members of the Chemical Engineering Department are -
" academically well qualified and have a PhD .degree; ‘a sixth one: is in the
process of obtaining it and the seventh compensates by a long industrial -
experience, The doctorates already obtained were grented by three uni-
versities, one in Canada and tyo in the U.S.A.

~»

The Faculty of Applied Science has devised a echeme to compensate for the
small size of its departments, by which research activities are carried
.out in faculty-wide units, built around themes so that the student may
also interact with faculty membere fron other departments. : St

The department tekee greduete studies very seriously and 1n ‘the summer of’,

1972 made a hard decision’ to 1imit the nunber of students edmitted to the

master'e progratme. . .

‘The age distribution in the grnup is very wide. renging from 30 to 58,

 Only three staff members have had experience outside the university byt
nevertheless the aggregate average for the depertnent is about three ‘yaars,

Four members of the eteff have records of. PhD theses eucceeefully coapleted
under their direction. All but the youngest. one have a very good experience
of supervision et the master's level.- . -

- 14,1.,2 Discipline Background - S . E_ " . ' § -

All department members hold their firet degree and doctoretee in chenicel
~engineering, : :

N 3

'14,1.3 Reeeerch Productivity

Six PhD degrees have been awarded 1n this department during the leet five
years. '

s

Three f!cplty members have good publicetion recorde, but thg,remetnder’le
fair or belo- verege.

The data provided to the coniultehte indicate that the average NRC/DRB/MRC
operating grants per faculty member receiving grants were well below Ontaric
‘and Canadian averages for 1972-73. Five 'staff members received such grants
in 1972-73. , o Y
In addition, two professors share sizeable grants from other agencies, .

o -




146.1.4 External Involvement

' Most faculty members have been or still eféibery active in scientific and
professional societies. A fair amount of consulting with industry is re-
ported; it is probably :j:lthful for a depa:tnent of. .this size. .

14.2 Reseatch Programmes: Claoeification, Scope and Coordination -

In 1971, the Faculty of Applied Science decided that the research efforts
- ghould be reorganized to bring together around a research theme faculty
members from various departments but with perellel research interests so
that the teams could be stronger and thus provide the students with a more
stimulating environment. One such thene‘ie:'Engineering .Process Design'
and it so happens that chemical engineering research done at Windsor falls
into thet category under three headings: —= -

'I) Thermo-fluid research; S, T

2) Environmental studies; - o

3) Chemical Process Design. -

——( o \

The trenepoeition of this into traditional- egetoriee still results in
dispersion however, as is shown in Table 6.14. This may simply indicate
that too much inportance ‘should not be lttached to cleeeifying reeearch
projects into rigid categories. ) o °

14.3 Departmentglzcoald and Evaluation

The goals of the graduate programmes of the Chemical Engineering Department
at Windsor will be effected by a proposed Divisional Plan for Graduate
Studies. This plan would consolidate seven undergraduate departments under
three graduate divisions of engineerina proceee ‘design, structures; and

. systems. There would be an elected chairman for each division. The pro-
posed divisional arrangement is an effort to exert more control and plann-
ing for courzes, and would determine the number and level of graduate
students a division wishad to enrol. This plan clearly indicates a rea-
1listic effort to coordinate the graduate programmes of its relatively small
Faculty of Applied Scierce and to produce interaction of the several engi-
_ neering disciplines. 'Under this plan, the Che: {cal Engineering Depart-
mental members find themeelves entirely uithin the 'Engineering Process

" . Design Divieion' " , oo

-

The research plans of zost of the individual department members, .in general,
indicate intentions to shift into new'directions which are socially rele-
vant and largely concerned with environmental problems.. Over-all,.these
plans and goals appear logical and desirable. The stated intention of the
.department members to participate with various members of the process de-
sign division is an especially desirable objectiye.

The interest in so-called 'social engineering' appeered to bo ltrong on the
part of the department shairman.:

——

-~




The incoming new Dean of Engineering may alter some of the faculty's and
department's stated objectives.

14.4 + . Departmental Policies

14.4.1 Ogerations

In a small department, such as at Windsor, policiee and procedures do not
require a high degree of formal structuring. With the small. number of
graduate students involved, clearly it is possible to treat each student
individually, and minimize the need for highly structured operations and
aamissions procedures. .

.
i

14.4.2 Admissions
Admigsions procedures follow the usual pattern of processing letters of
inquiry, review of application forms, etc. Quality standards are main-
tained in selecting graduate students. :

PR J

14.4.3 Examination PYoceclures

Examination procedures were found to be somewhat similar to those used
elsevhere, with some simplifications allowable because o‘ the size of
the department.

14,5 Cooperation with Other Departments

The divisional arrangement is an attempt to produce viable groups. Even
though the total number of faculty members in a division (20) is still
small, yet the arrangement should produce good interaction between disci-
-plines, and is really the only way in which anything approaching critical
size can be produced. Tifficulties with the structure were voiced since
-obvious conflicts betweén the department and the division re authority,
autonomy, etc., arise and await clearer definition. The teaching of basic

chemistry with the exception of a few courses, to the undergraduate chemical

engineera is done by the chemistry departme1t.

14.6 PhD Students | .

14.6.1 Numbers

The number of PhD students has remained constant at five over the last
sive years. The department would wish to have one additional student

immediately.

'14.6.2 Origins - Inbreeding

Even though the small numbers @nvolved do not justify the drawing of firm ,
conclusions, it appears that Windsor presently has a low power of attrac-
tion for students from other Canadian universities. The department has no
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other alternative than to draw its clientele from its own students and
foreign students until it acquires more visibility on the Ontario or
Canadian scenes. - :

o

14,7 Facilitiea and Services

Laboratories, offices and classrooms are adequate and meet the needs of
the department,

1&;8 | Supporting Services

Supporting services such as workshops, library, computer facilities were
found to be very good. .

14.9 Financial Support

~ PhD students receive up to Sé 620 per year, made up as payment for teachiug
~ assistantships and support from research grants,

14, 10 Emglo!gent

All PhD graduates since 1969 were able to obtain positions or poat-doctoral
fellowships as ‘shown in the following table,

Table 14,10

First position hell
- Summary for 1998-69 to 1972-73

Employer Ont. Rest of USA Home . .Other  Unknown
. Canada Country '

Univérpity

‘Industry,

Government

Community College
or High School

" Fellowship

Research (other
than Fellowship)

Other
Unemployed
Unknown




14.11 Graduate School -

The Faculty of Graduate Studies' relations with the various faculties are
quite comparable to those of most other universities, namely, minimal.
The leadership for graduate programmes and planning certainly -is in the
domain of the Faculty of Applied Science.

14,12 University Administration

‘There is obviously good rapport between the university administration and
the engineering departments. Much positive leadership ia offered by the -
top level of the administration.
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15, CONCLUSTIONS

The consultants for PhD programmes in chemical engineering spent approxi~ -
mately eleven days visiting the seven Ontario department of chemical engi-
‘neering. On the basis of these visits, plus information provided in vast
amounts on each department, the consultants were directed to evaluate their
PhD programmes on a number of counts. The consultants, as academicians,
believed that to make their assessment useful and valuable, they should be
as critical of some of the forces underlying the reasons for the study, e.g.
: manpower forecésts. as they .would be of;the departmental programmes reviewed.

Following are the eaaential conclusions on which the recommendations are
based:

1., - TForecasts of manpower needs are generally unreliable. The consul-’
tants were skeptical of the value of such forecasts for long-range
academic planning. It is virtually impossible to forecast with any

" reasonable degree of certainty employment trends in a field like . .
chemical engineering. First of all, .economists' forecasts, by theix
own admission, are so nebulous, that it is impossible to base firm
predictions on these. For example, predictions in 1962 showed that,
in virtually every scientific field, the PhD production in Canada
would never equal the demand., Some six or seven years later, this
‘was shown to be far from the case. Secondly, even if. these fore-

" -casts were better than we think they are, in a specific .area like
chemical engineering, they could well be rendered invalid by a very
simple government act such as, for example, putting a high priority
on anti-pollution. etc., The conoultanta concluded that it is im-
possible to 'play the numbers' game' and propose quotas for each
school, or indeed a quota for the provincial pool. It must be

' recognizcd that any quota established today deals with chemical
engineers produced in 1977-79 and it would take a very brave per-
son to predict ‘needs for that time with any pretense of accuracy
or precision.-

We do not subscribe to the formula laid down {n the Ring of Iron
"which attempts to set an overall limit of 450 PhD students in engi-
neering and then attempts on a formula based on undergraduate enrol-
ment, to limit PhD students. This would obviously militate against
schools that have specialized in graduate education and would, for

. example, put a school like California Institute of Technology in a

. highly inferior position vis-i-vis some of the larger State univer-
sities, if one would take an American example.

2, In evaluating PhD programmes, it is :ssential to recognize that as
educational programmes they involve the lives and careers of students
with high intellect, with above-average motivation and drive, and
with potential to advance a nation's economic, cultural and material .
well-being far out of proportion to their numbers. Accordingly, PhD

programmes cannot be evaluated on simple cost-benefit formulas, or

.

\
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regarded as a commodity to be curtailed or expanded according to
the fluctuations of the demands of the market.place.

3. - There is no question in the consultants' minds that if pressing
: . technological-sociological probleme are to be solved technology
will be essential to their solution. Chemical engineering will be
a primary tool used in solving problems of the future, in the _
fields of environment. energy, resource management, recycling, ete.

4, Although the educetio’/of PhDs in chemical engineering in Ontario:
is designed primarily /to serve the néeds of: the population of this
province, yet traditionally a great deal of the needs of the rest
of Canada (plus to some extent the U.S.A.) have been supplied by
Ontario schools. Some Ontario undergraduates go elsewhere for
their graduate training, hoping to return to their native province.
In addition, a fairly large number of students will come to Ontario
for PhD training from the rest of Canada, from bther parts of the .
world, some expecting after graduation to return to their native
habitat. Clearly, therefore, the Ontario chemical engineering
departments fulfil a broad national need.- S

5. The consultants recognized that PhD progremmes are among ‘the high-
est cost programmes of higher education and accordingly the con-
sultants are cognizant of the necessity to ensure that such: pro-
grammes do not proliferate in an uncontrolled manner. Nevertheless,

. the consultants firmly.-believe that any chemical engineering edu-
cational operation must be vertically integrated so as to include
the PhD, to some extent, bearing in mind the proportionably higher
cost of such a programme. The case for this seems to be self-
evident, even if or2 considers only the impact of the scholarly

- involvement of the staff member on the undergraduate teaching :
function. - :

There is some evidence that the number of department of chemical
engineering in Ontario is greater than called for by present needs.
Therefore, it/ is logical to conclude that tlie Ontario government

in friendly cooperation with the universities should consider pro- .
cedures to consolidate the present system.
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RESPONSE OF
CHEMICAL ENGINEERING DISCIPLINE GROUP
-to the

REPORT OF THE ACAP CONSULTANTS




_ Preambie

The final report of the Chemical Engineering ACAP Consultants
has been examined by the Discipline Group Committee consisting of
representatives from the University of McMaster, the University of
Ottawa, Queen's University, the University of Toronto, the University
of Waterloo, the University of Western Ontario and the University of
Windsor. :

The Discipline Group strongly supports two basic positions taken
by the Consultants, The first is relate: to the job market and the
need for PhD programmes, as set out in section 2.5 of the Consultants'
report. Engineering manpower predictions are indeed "precarious and
hazardous endeayours", it is "difficult to assess the damage ...created f
by such erroneous forecasts", and it is clear that "a serious shortage
of engineers can occur.during the next five years"”. The Group also
agrees with the view that, "the PhD chemical engineer by virtue of his
edugation possesses such a powerful potential for career opportunities in
a variety of fields that the question of the job market was not too
relevant to the assessment". . .

"~ The second basic position which the Group strongly supports is
implicit in the~Consultants' analysis, and is that the discipline of
Chemical Engineering must be treated as a unified field, and must not be
subdivided and reclassified into arbitrary sub-fields.

) ‘In general, the report and its. recommendations were very well received .

by the Discipline Group. There are, as would be expected, some disagreements .
in emphasis and some in substance, and these will be discussed by direct
reference to the individual recommendations.

.Recommendation 1

We agree with the recommendation, with the understanding that inter-
disciplinary c:tions are important and that some PhD graduates cannot be
catesorized- into traditional groups exclusively. "

- Recommendation 2
Agreed.’

Recommendations 3 and 4

. . We agree with recommendations 3 and 4, however, a combination of both
could imply that a university temporarily not offering a doctoral programme
should not offer a Master's or undergraduate programme - with this we do"
not agree., -

RecommendationIS

We agree with recommendation S as i is interpreted by the authors in
the light of section 2.5.
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Recommendation 6

We agree with recommendation 6 and would welcome even stronger
measures. : :

Recommendation 7

Agreed.
qQ

Recommendation 8

Agreed.

Recommendation 9

The Chemical Engineering Discipline Group has an informal agreement
to review admissions annually on a province-wide basis. This is intended
as a means of exchanging information, and as an opportunity to exercise
moral suasion by revéew and discussion within the group.  This we feel to
be prudent and practical. Thus, we intend to implement the first two
paragraphs of Recommendation 9 in a formal way but we reject paragraph 3 as
an unacceptable mechanism. :

Recommendation 10

The §roup agrees with this recommendation, with the understanding that
such steps should not. impair the right of the student to attend the achool
of his choice. :

Recommendation 11 - C ‘

. The group is concerned with the implications of a rigid interpretation
of this recommendation. It does not follow that grouping of research into
well-defined areas leads to the most stimulating environment for the students.
- 1f groups are too rigidly delineated, interaction among faculty and students
in different groups may be stifled. Indeed, we believe that groups should
be flexible and overlapping so that new ways of combining areas of expertise
will arise easily.

Recommendation 12

. We choose not to comment because this is a matter which is outside the
area of special concern of the Diecipline Group.

Recommendation 13 .
The grouy. strongly believes that the aize of a department is not an
effective indication of the quality of its PhD programme.

The effect of this recommendation would be that an average enrolment
of less than ten PhD students over the next five years would serve to initiate
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a review of the quality of the programme at the university in question.
- The Group has no objection to the number ten being used to initiate a
review of programme quality. However the Group is unanimous in stating
that 1f-ds a result of this review a recommendation is to be made to
suspend the PhD programme of the department concerned, then before this
. recommendation is made a review of the PhD programmes of all Chemical
Engineering Departments in:Ontario should be undertaken, and that any
. recommendation to suspend a PhD programme at an individual university .
. should be made in the light of the complete assessment of the Ontario :
Departments of Chemical Engineering. This is regarded as a neccssary :
protection for the quality of PhD studies in Ontario.

' Recommendation 14 | ' _ . ..

1

We agree as a discipline group with the desirability of student mobility
- within and outside of the Ontario system.

Recommendat ions 15, 16 and 17 . ' ' ot -

" These recommendations deal with individua) universities and have npt

~received the detailed consideration of .thL.: disciplineé group. We d

. however believe that there is not an excessive number of departments
of chemical engineering in Ontario and we believe that the report does
not present convincing evidence that there is an excessive number,

v

. _ ' M. B. Bergougnou, University of Western Ontario
" * " C. M. Crowe, Chairman, McMaster University )
- J. Downie. Chairﬁﬁn. Queen's University
B. C.~-Y. Lu, Chairman, University of Ottawa" .
K. F. 0'Driscoll, Chairman, University of Waterloo
R. A. Stager, University of Windsor
W. F. Graydon, Chairman, University of Toronto
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APPENDIX C
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.  UNIVERSITY comu'rs\

Comments appear frpm‘Catleton, Hcﬁaster,~0ttswn, Queen's, Torohto! ﬂhterlop,.
" Western Ontario and Windsor. (Carleton has no representative on the

-Discipline'croup.)
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CARLETON UNIVFRSITY o

RESPONSE TO FOUR ACAP ASSLSSHTNTS ON hNGINEERING .

Introduction -

' Carieton'takes the view thnt'grouﬁs of disciplines should be
evaluétedhbcfbro a clear picture of the sifuation within a aingle diséipline
can bc obtained. ‘Reports on any one componcnt considered in isolation could
-lead to an erroipous judgemont and unwvise and precipitate action. Threo |
- consultants' final assessment reports have now been rcceived for enginecring
di§cipliﬁes in vhich Carleton is actively involved: Civil Engincering,

" Electrical Enginecring, aﬁd Mechanical and Aeronautical Enginecering. A,

fourth report deals with Netailurgical and Materials Engincering, of less .

dircet ccuacern to Carloton, while a fifth report, not yet received, will decal

'with Chemical Engineering, a disciplino not represented at Carleton.

. This response will addre3° itself to the four reports which have
been receivod and examined to date. We may wish.:o add further comments

'1¢hor the fifth report hag been studiced.

’ . We scnse a good deal of unanimity on a number of fundamental
quesﬁinuu among the fifteen consultants involved in the four reports so. far
received, a communality of viewpoint which we sharc and endorse.' We believe
that Enginecering has bcen most fortunate i\ having the'sssessments carried
out by group of consultants whose international stature, valued judgcment
and pexspcctivc give authority and c1edibility to their studies and
reports.. In general then we accept their findings and subscribe to their
'recommcﬁdatiqns qith'only‘a.few exceptions to be noted later.

In this responsc we.shall'dcai fifst with those matters which we
belicve te be basic and ‘general in nature and leave until the ‘end our views

on specific points raised in individual rcports.

L




Matters of a Fundamental or Gencral Nature

"

1) Control of Student Numbers: o .

The.fout rcponte are:unanimous in their opinion that preﬁious
‘estimatcs of the demand for engineers with doctoral degrees, notably_tnoae};
in the Lapp Report of 1970 and the report for CEMC of 1973 have erred
geriously on the 100 side. They point cit Lhat there 18 no evidence of
difficulty in obt- tning 1obv by studonts close to &raduation, nor do they
foresce dlffioultieq in the future except for those which normally occutr in
highly sptciallyed areas. _ ] ) -

The consultants rejoct-the notion of quotas. applied to departments
to control student nuubers, in part because tha demand seomq likely
_ to exceed the qupply than the reverse, making-quotas unnecessary, but in the

main because Lhcy feel that other means of control are to be. pxeferred The
| report on Electrical Fngincering puts it this way: "The number of dbcto:ntes
grantcd in electrical - engincoring (should) be determined by’-

(i) availabllity ‘of qualificd students

(ii) maintcnance of - adequate standards by the® universitics and

(1i1) the existing capacity- («taff and faciliticq)‘of the univcroitiest.l
for piving agc vate training." - The Mechanical consultants refer to cmetging
natural controls and go on to gav! "We would wish the resources of the
present system, which are predi d principally on uhdergraduate requincments,
the wmarket demands, the quality of the programme and the good judgement of .
the departments to determine the total number within the system," _
| Carleton quﬁqcrlbcs fully to these views, We believe that rather
thnn Lhrough ‘centrally 1mpouod quotas or limitations the univcrsities
individually should control numkers by restricting admission to students
'showing high promise and by maintaining'adquate standaids. The latter
together with the market demand wil] provide an adequate control. We would
be prepared to support the dovolopment and adoption of an evaluation scheme,
guch ns.tne scholastic index used at Carleton, nhiuh_can be applicd across
all discinlines and which could be used in the monitoring of admission standnrds,

“which w7 believe should be a matter bictween a university and 0CGS. We bclieve,'

{ : * ’ Cog
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) hovever, that the interpretation of these standards«for individual student .

cases should be left to the informed judgement of the. university concerned.

A

2) Onality of isting Programnes, Snggcstions~for Change.

From their comments on the quality of the Ph.D. programmes for

the system generally, it is clear that the consultants believe it to be
.quite acceptable. The- Civil consultants point out that "the system provides a-
good quality coverage of the field and specialties without undue overlap on a
regional basis." Comments on individial universities draw attention to
departures from the norn in both directions. ’

A common theme running’ thiough the reports is the need £or preater
flexibility in the futurc. The Metallurgical ‘and Materials consultants state
it this way: "As Canadian industry becomas.more sophisticated and has to
~rely on more advanced technologics, it will have to learn how to fully - ‘
utilize thgutalents-and skills of Ph.Df.graduates and’ the universities will
have to learn how to develop Ph.N. programmes which produce imaginative
-.'engineers-capable’of‘responding to tnese‘neu'opportunities." These consultants

;also recommend that programmes be so des‘gncd as to permit graduates from
other specialties to changc spccialties as t‘*y commence Ph. D.- work,

The consultants also shuw a degree_of consistency regarding the
need to shift the emphasis in Ph D. progranmes” to meet the situation of the.
seventics. The Electrical consultants state it this way: "The education of
Ph.D. students in areas of national need is a more efficient use of resources
-.than is a random choice of fields followed by a period of retraining.” I.
relating it to their field, the Civil consultants state that there should be _
"ess stress on traditional areas, particularly'structural engineering, and
more stress on multid*sciplinary'cducation, environmenta] engineering, and
transportation.' The Mechanical consultarts. recommend a greater emphasis
on production engineering and design. S

Close contact bctween universitioaiand industry is felt to be )
important by all the consultants and individual L.niversities have boen singled
out for commendation wherce this conLacL is rogarded as excmplary while others
have been asked to improve in this rcspect.- _ )

‘Once again Carleton acccpts the findings of the consultants on the
qunlity of the existing programmes and,theirduiews«on the naturc of Ph.D.

. programmes required for the immediate future. ~We teeluthat we have already

*
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mque considerable progress toward achieving the desirable- object:ves set

out by the consultants and that we have reccivcd adequatc rccognition for

this in thcir reports. .

3) Critica} Size: ' B ' . ' .

The anineering consultants are far less concexned about the concept
of crltica1 size than the consultants who carried out some of the earlier
planning assessments, and show as much concern for the disadvantages of _
"bigness' as of “smallness." The Enginéering consultants place their primary
- emphasis on the quality of the student and of the faculty rather than on
size, a view which we heartily endorse. .

The Mechaulcal consultants take the strongest stand against the noLion
of critical size. uhlle admitting the advantages enjoyed by a large group,
they go on to express their view that "a drawback to the large group is |
the difficulty of adavting to éhange" and further that "the groups in the ‘ ‘
smallur-departmeﬁts ofien displayed én'original point of view and a willingness
to adapt to cﬁangc that was not apparent in the larger and longer established
'departmcnia." ‘They found.more cross linkages between dgpartmcbts and a
‘greater ‘tendency to establish outside contacts with government and industry
in the smalicr faculties. They ;onclude:' "In our view no creative group,
~and no capable individual_within such a group should be dcniéd suﬁport
beecause it 1s small,"’ The . Civil coﬁsultaﬁts echo tﬁeoe viewé. "Size is
not a sufficient criterion for judging vhether a school can offer a Ph. D
programme'' and also "therg is no a priori rcason why  a small school cannot
provide as satisfactory an enviconment for the student as a large school,"

' . The Electrical and Metallurgical and Materials consultants are not
as definite on the matter of critical size as the Civil and Mechanical

" consultants. The Electrical cons sultante telt that a dcsirablc size for a
department fell in the range from 10 to 20 faculty with from 10 to 20
students Luxolled but expressed the view that "high standards qi\cxcellcﬁce _
with cuphasis on quality rather then vuantity wila pay off‘in thé long run."
The Met al]urbical and Haterials consvltants draw atttntion to the contrast .
b(tvccn the } .xi 1vh npp)oach to PL.D, cducation centech aiound the thoqis‘
and requiring only one gqu facul' . member and the Ameriéan vicw that a

department needs to Le sufficiently large to provide a proper range of




co. ~scs because of the importance given to course work in ‘the American
approach, The consultants themselves took the position that students sbould '
be taught by members o. the basic science departments as well as by
Engincering foculty membcrs and that the critical size of the core depends
a great deal on the strengths in related disciplines. The latter factor
seems to liave been ignored by some of the consultants who assessed the
non-anineering disoipllncs. _ C .

Aa indicated above, Carleton is fulry in agreement with the
position on critical size takeo by the Engireering consultants and does not
support tlic views of the Chemistry or Economics consultoncs nor- ACAP's views

onithis matter.

-

| . 4) Proportion‘of Foreign Students:

- All° four of the reports under 1eview make refercnce to the cnrolment
of foreign students 1in ‘the graduate programmes at Ontario Universities.
The Electrical consultants notod that the percentage of doctoral
stsdents with first degrees from.Cénadiao universities was consisrontly in
lthe raqgc_from 47 to 51 over tﬁe post five years. VThey Believe an - ideal
- mix should inVQlye’students vith a variety of'bnckgrounds coming from various
. universities and should include some students from foreign countrics. The
: latter'they fecl shoold be in the minority and they suggest 25% as an |
appropriare proportion. The Civil-conspitaots expr ‘sed.concern also at
the low percentage of full-time Ph.D. students who had obtained their first
degree in Canada but remarked also thst tlie percentage was much higher for
oart-;}mé'studcnts and suggested that part-time studies should be encouraged.
. The Mcchanical consultants, while noting a simila1 proportion of
non-Canadian first dogree students to those mentioncd above concluded Lhat
we cannot count on  Canadian nndergtadpnte schools to provide candidates. in )
sufficient nunbers and that we must continue to rely on_students from abroad.
The Jatter would likely decrcase in number in the'futuro die to rccent policy .
changes with respeet to immigration and financial support for studeuts without
Janded 1mmigrant status. They sugpesr th1t snpport for such qtudonts should '
cong from appropriate federal arcncios ‘such as CTDA
The Metallurgical and Materials consultants find that "Canadinn

Q industxy unable to f111 its vacancies wlth unadlnn graduates of Canadian .




origin has preferred to import graduates from British ornkustralian origin .
rather than employ Canadians of Asian origin." They recommend an intensification
of efforts to recruit a larger proportion of Ph D. students from the graduates
of Canadian wniversities,
Carleton is in agreement with the consultants concerning the

| desirability of having a mix of students from different universities in .
Canada and from foreign countries ‘and in having a reasonable balance between
Canadian and non-Canadian first degree holders. The problem of foreisn
students s usually expressed as one of controlling their number. We belicve .
that the recent immigration and financial restrictions imposed on this group
1s likely to overshoot the mark and the problem in the future may we'll be one

- of too few rather than too many foreipr students. "A_pore serious problem is

~ that of too few gradvates of Canadian schools embarking on Ph. D. worke

Conmernts on Some Specific Matters

In this sectlon we wish to deal with some Specific issues raiacd in
individual assessment 1eports.‘

1) Civil.Engineering Doctoral Planning Aasessment%

The references. to Carleton University hroughout this report arc .
generally iavourable and on the whole we like their conclusions and
recommendations. There are, however, one or two ioints we wish to question.

In Recommendation 3 the conaultants'suggcst "there is a case for
more consistent requirement of acceptancc for Ph.D. studcnts between universities."
We are uncertain as to the meaning of this since it is not discussed in the
'“body of the report. We have expressed the view earlier that there should be. *
a system, such as Carleton's scholastic index, for eva]uating students across
all disciplines, and that 0CGS might monitor standrrde of admission gcncrally.
we do not seec the need for an extcrnal person on acceptance committees but

continue to support the position that there should be oxternal examiners on

thesis comnittces. _
~, ¥e cannot ncCept the proposal in Recommendation 5 concerning the |
collapsing of the Ph.D. B.I.Ui‘s'into the yndergraduate B.I.U.'s althouph we’

can support the objective. We belicve that a major re-examination of the -

,
o - . N H
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o N .




formula for providing operating funds to the universities: is called for,
-. not just minor adjustments to B.I.U. weightings, _
' We do-not see the necc591Ly for the furthor proliferation of dcbrce_
designations which would result from the introduction of the Doctor of
.- Engineering Degree included in Recommendation. 12, We support fully the
‘ ‘consultants' concept of a range of possibilities for a doctoral thesis,
from the mathematical or theoretical ‘at one-end to the design or application-
orlentated at the other end, but we belicve the requirements.for. the Ph. D.

should be flexiole enouch to permit this as is the case at Carleton,

2) Report on Doctoxal Probrammee in Electrical anineoringfi Ontario
: UnLversitles. '

"For the purposéé of assessment and'reporting, the consultanto have
combined Cariotonfs départmcnts:of Electronics and Materials Engineering and
Systcms'Enginoering under the discipline title of 'Electrical Engineering¢f

. Thetr comments; conolusions and recommendations apply uniformf; to our two

| deprrtments. ~ We regard tnié report as a highly competent -and thorough nicce
of work. The analysis in the earlier scctions prior to the evaluation of
dcpartmontb gives to the whole a degree of credibility that is plobably unique
in such reports..

Carlcron Univcr,ity has re: eivcd a uniform]y favourable aesessment
in Eiectrical Enginceling‘ The Ph.D. programmes in both departments are
considered to be "strong." The interaction of Carleton with laboratories
and firms in the Ottawa arca.is des cribod as a "model' while our programmna
are praised .as having ' unuqually high contcmporary relevance."

" We intend to pursuo our proposed five-ycar plan for the graduate
progtammc ‘in Electrical anincering' we believe that our present organization
inté the .two departments of Electwonics and Materials Enginecring and
Systems Enginecring is the nost appropriate and effective for our pufposes and

'_1ntond to maintain this organizatlon. \
We have votcd the gcnoral recommcndation that only students showing 1

high promisc, for graduate work shiould be accepted lnto the Ph.D progranme,
Ve endorse this rec ommendation. - - 2 - .o S




We plan to aim for the small growth in graduate student numbers
. proposed in the fiVe-ycar plan, but note that. in the consultants' view this
growth is modest., Ve shall allow ourselves to be rcsponsive to the
'applicutions which we reccive from well-qualified students.' We expect that
our growth will be limited to a natural and non-excessive rate by the limited
availability of good apolicants. ' . . .
We belicve that it is possible to increase the scale and effectiveness
'of our ‘as socintions with laberatoripes and firms in the Ottawa area and shall
endcavour to exploit turther such interactions.

The recommondation that greater use be made, of graduate courses given
at the University of Ottawa is o::zpted The establishment of-a close working
rclationship over tho last two-year period has made thc sharing .of course
offerings and facilitics a natural outcome wvhich it is intended to exploit.

We accept the report- of the ACAP consultants without reservation. J

We cousidcr ‘the asscssment to have beeu fairly and thoroughly done and
bclieve that the report as ‘a whole will be of considerable bonefit to thc
. Electrical llgineering plofession in: Ontarlo and Canada.

3) quort of the Hochanical Engineering Consultants;

We accept the ACAP consultants‘ report on Mechanical (aud.Aeronnuticsl)
Engineoringuwithout_reservation. We cunsider it -to be a valuable, authoritntiVe,
well reasoned document. The report is tnoroughly credible because of the
.qompctence and internationni stature of the consultant team and the excellent
overviecw thcy-provide.._ . o . '

‘ We accept the consultants'. argument that, because "the developing .
mquct could easily agsorb double the rate of output (prvsently about
30 Ph.D.' s/yoar in Ontario). during the next . five years" and becausc of the
serious undorsupply of qualified candidates, a,sigued quotas for the Ontario
systemn would be meaninglcss.

We agrce that adequate capaclity and quality exists within the
doputtncnt and that decisions about specific rescaruh arcas should be made

i vithin the individual universitics. We accept the criticism that excess Lve
effort has bLeen devoted to "traditional and classical arcas of research" -
and that our efforts should continue to be re~dirccted towards rescarch more

perttaent to the practice of Mcchunical and Atronauticn] Lnginocr:n&.- Ve

o
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'agree that the relevance of the research work would be enhanced if support
" were made more dependent on contracts from high technoloby industry and
appropriate federal government departments.
' ~ We intend to pursue our proposed five-year plan and strengthen our
contacts with industrial and government laboratories., We will explore the
:posaibility of establishing an .industrjal research institute (or an office
of industrial - research) since these institutes are noted as having a highly -
beneficial effect on the research of the faculty and graduate students.

We applaud the recommendation that a good Ph.D. prograime shou]d
providc breadth by means of well balanced course work and depth, by means of
a thesis involying substantial rescarch on a specific and topical engincering |
~problem. Doctoral graduates from such a balanced educational programme will

" be able to move into industry and tackle problem solving on a broad front.

.Conclusion

We. hope that it will be ‘clear from the foregoing that we find thc

. reports generally quite accoptable and can endorse all their ‘hajor conclusions

and recommendations. We regard the specific points on which we disagree with.
the consultants to be minor in comparison to the aggregatc of the issues on

which we agree.

November 12, 1973 _— -
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FURTHER/ COMMENT FROM CARLETON UNIVERSITY
.~ ON THE

'ACAP ASSESSMENTS IN ENGINEERING

At the time of our response to. the ACAP Asaesementa in
Engineering, the Chemical Engineering report was not available and,
whiie Chemical Engineering is not represented at Carleton. we held
.open the option to add further commente.

Again, we find ourselves in general agreement with . this
f1fth: report but we do not view the proposed Post-Entrance Acceptance
Committee as a viable concept and will again state our willingness
. to support an evaluation scheme such as Carleton's scholastic index.

As well, we would reiterate our former comments on critical size in
rebuttal of the arbitrary minimum suggested by the Chemical Engineering
-tonsultants. Carleton supports the view of the Electrical consultants
that quality outweighs quantity and the einilar attitude of other
consultante. . :

' We would like to particularly note with approval the
recommendation that students do their doctoral work at a University
other than their undergraduate school.

.
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RESPONSE OF McMASTER UNIVERSITY
| o

Ph.D. BLANNING ASSESSMENT IN CHEMICAL ENGINEERING

Generdl

* We commend the authors of this report for a comprehensive, useful and forthright -
‘analysis, There is clear and essentially unarguable‘perception of the total chemical
engineering educational.arena into which Ph.D. research activities must fit., _The latter
have been analyzed in terms of pedogogical content and philasophy, and a cogent overview
o given, supported most adequately by a detailed assessment of each institution. Concern
has been shown for the role of the university, of an engineering faculty, and of a
- department = particularly as they contribute to and exercise their responsibilties within an
~ industrial society, Equal concern for the individual professor and for the students is well -
expressed. We therefore find ourselves in basic agreement with the general approach -~
_taken, the emphases provided, and the dimensions of the assessment that have been drawn
and used, This report of the consultants will continue to be valuable, therefore, for the
setting it provides and the dynamics of chemical engineering science, of chemical
" engineering practice, and of chemical engineering research that are so clearly expounded.

It was clear that the consultants used extensively the detailed data provided for
) them by ACAP from the university submissions. Their utilization of these in combination
. with close-examination during their visits produced a lengthy assessment of each
institution. This assessment we consider to be excellent in its scope and detail. For
planning purposes it will be most productive; for guidelines for continuing evaluation
internally it will be very useful; and for maintaining our perspective in development and
support of chemical engineering it will be of great advantage. Understandably, in view of
 the limited time, but nonetheless regrettably, the consultants did not use data for several
~ years, nor evolve detdiled estimates of rates of change of the important quality parameters.
We are also sorry that their time at the individual institutions did not make it possible for :
them to examine in detail or give an-evaluation of the content of courses or of the theses
that have been produced, However, their overall assessments we consider to be of major
importance and a most worthwhile contribution to each institution and hopefully to the
collective system through the Discipline Group organization, CODE, ACAP and COU.
. The consultants give detailed consideration to chemical engineering research topics -
- and their categorization = an analysis which provides most useful insights and guidance. .
In their report, they identify as reasons for much ‘of engineering research being centred
in "engineering science" as: |

.= the need to publish in refereed journals,
- N.R.C. operating grant policies, and
. = continuation of research from the professor's own Ph.D. work,
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e would add two additional Factors‘:

(i) mission-oriented problems have a dead!ine and require-a solution
"~ much sooner than three years. The work must often by=pass .
fundamental questions in the rush for a squt|on,

(ii) appara tus for mnssuon-oriented problems is often expegsive and
used only once. Most faculty members and Departments cannot
afford this. : : : v

In summary, mission-oriented work is commonly contractually funded relatively short-
2rm and expensive and better done by postdoctoral fellows or other research associates who
42 not face the Ph.D. requirements. There .is a very important and exciting rale to be 9
‘vlayed by mission=oriented research as a seed for future longer-term Ph.D. studies to answer
<>re of the fundamental questnons by=-passed by the short=term solution. Thus we consider
funddpental engineering science research and mlsslon-orlented research to be complementary,
not excluslve of each other. -
The consultants have glven careful, attentlon to the manpower problem, with a useful
analysis of the flow into Ph,D. work, the part played in the Canadian scene by the Ontario
universities, the time requirement for Ph.D. work,,the ethnic origin of Ph.D. students, and
Ph.D. employment information for recent years. We were pleased to note their willingness
to critically examine "some of the forces underlying the reasons for the study";, and agree
with their analysis of the manpower situation and of the CEMC report, and with their rationale
for not proposing quotas for each school or for the provincial pool. On the relevance of
:hort term job market forecasts to-the real need for Ph.D. chemical engineers, we fully .
cupport_the consultants' view that no valid conclusions can be drawn therefrom (P, A-7 \
last paragraph, section 5.5, p. A-2], and sectlon 7.2,p. A-42) N

|

e

The consultants do not examine the fraction of the graduates of Canadlan universitie
which would be needed to mainfain a reasonable proportion in the Canadian graduate :

programs (section 6-8, p. A-Z7). A comparison of the requlred annual intake of new
graduate students with the annual Bachelor's graduands in Canada would show that existing
orograms can be maintained at current levels only by accepting substantial numbers of
students from abroad. W.e have always striven to ‘accept students from as wide a range of = .
backgrounds as possible so as to emphasize interaction and cross=fertilization of ideas,- and
to OVOld accepttng too many students from any one country or Ianguage group.

The emphasls of the consultants in their conclusions (on which they base their

~z=~mandations) that special roles, e.g. in graduate education, should have a proper place
=~ not be circumvented by a quota or formula is one with which we strongly agree.
Similarly, their conclusion that Ph.D. programs cannot and should not be subjected to
overall numbers control based on demands of the market-place is one we too affirm. The

zonsultants havé also concluded in a commendably straightforward fashion that the Ontario
system shows evidence of having more departments of Chemical Engineering than needs
prescribe,- Their rationale for this conclusion is well presented, and we would support
their suggestion that the Ontario universities should give this mdtter the closest possible
consideration, :




Response to Specific: Recommerdations

Recommendation | We accept the concept that planning for the deyelopment of

- Ph,D. programs in engineering must include at an initial stage sepcrotewg for the
various individual branches including chemical engineering. Howevar, we feel strongly -
that this separation cannot be arbitrarily done or carried out. in an absolute sense, because
many of the valuable ‘interactive and joint responslbrlltles could be lost. Allowance must - -
be made for real interaction, e.g. in such areas as in chemical and extractive metallurgy, -
in process control and optimization, and in heat transfer. - “The_ enfranchisement of a
partlcular sector, which by tradition has been largely involved ina portlculor branch of

. efigineering, would in our view be wrong. There-must be, therefore, in any ultimate

" planning process, if indeed a suitable basis can be found, adequate allowance for a system
or totdl approcch to ensyre that areas of |0|nt or severol interest are properly positioned..

: Recommendotlon 2, We deflnltely concur, -

. Recommendation 3. We firmly agree with this recommendation as far as this
University is concerned, and can accept the rationale provided by the consultants as a well
argued case for any department of Chemical Engineering. The allowonce of an occasional
exception, and indeed the acceptance of recommendation 13, would acknowledge that some
'decoupling of research and Ph.D. activities could occur with little or no loss to under=

"graduate or Master's programs. We feel that the report does not make a convincing case
agcinst the possibility of a creditable program to the Master's level . Can one not conceive
‘of ‘an exciting program involving faculty members whose main source of new ideas arises
through consulting and. the practice of their professlon? We would really prefer the state-
ment by the consultants on page A-1 that excellence in undergraduate engineering
education can be molntolned only if strong groduate research. programs exist,

Recommendation 4. Agaln, we concur in a broad sense since no time scale is indicated.

e appreciate and support the implication that many factors must reach a sotlsfoctory level
before a good Ph.D. program can be mounted; and:we consider that this report does in its -
totaltty give a relatively clear picture of what the consultants consider that level to be.

Recommqndatlon S. We agree and support strongly. We note further that the
acceptance in toto of the forecasts by departments (including the numeric interpretation by
the consultants for the University of Toronto) is explicit recognition by the consultants of
the capabilities of each department for maintaining Ph.D. studles, sub|ect presumably to a
size limitation as in recommendation 13. [t would be assumed, in our view, that the -
rmpllcotlon is also present thot modest upward revision of such forecosts is not precluded in
the future, :

. Recommendation 4. Agaln, we ogree. ‘We share the concern of the consultants for
the relatively small number of Canadian university Bachelor's graduates enrolling for Ph.D.
work. We would strongly support any efforts to develop a concerted approach that will

" ¢clarify to' many more students the value of their completing some graduate work .’

Recommendation 7. There is not a clear definition of "entrepreneurshipl"so that it
is difficult to assess this recommendation. We wonder whether a university environment is
 suited to developlng entrepreneurshlp in the sense of undertaklng new economic enterprises.

L

4
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A focﬁlty member who has his own business will inevitably face conflicts between the .
- demands of that business-and those of the university. .Occasionally one or the other may
suffer. from ‘neglect, - : '

~ We strongly believe that Ph.D. students should be guided in developing entrepreneur-

ship in the sense of being'willing to undertake any problem, to be confident of their ability
to find a solution, and to accept the risks of failure. We feel that this can best be

daveloped through dynamic leadership, demonstrated by professors in their respective research
.programs., o L | : ' ' '

.. Recommendation 8. We agree but would in practice normally require an A level or

high B (first class or upper second class).” At the same time, special circumstances, such as .
- when research experience in government or. industry may well offset certain earlier academic
deficiencies, should be allowed to be taken into account. '

_-Recommendation 9. We find this an interesting recommendation and certainly the
future-embarrassment of having to reveal the admission of an unqualified student would be .
- a potent deterrenf. There would be some honest disagreement on the standards of foreign
“universities. We comment further that the consultants elsewhere (page A-14) have
‘emphasized that the entrance screening process is "quite selective and great care is taken - °

to accept only those students-with proven scholastic achievements” . While the question
arises as to the real necessity for a'new review structure for a system that ‘apparently operates
 well, we would support the proposal of the Discipline Group (Chemical Engineering
Department Chairmen) assuming the review role specified, including full disclosure on
* individual cases. - ' '

‘We are firmly convinced that it would be most unwise to invite COU to pass directly -
on the entrance standards of individuals into Ph.D. programs.- This would constitute an
abdication of some of the academic function and *~sponsibility of departments and Faculties
within-individual institutions. In the sume light, we cannot accept, of course, any move
that would involve provincial authorities in applying their overall financial authority and
responsibility to do so through individual cases.

Recommendation 0. We fully agrze that it is in the student's own best interests that
" he take the Ph'.D. degree at a differentuniversity from the one at which he .obtained the
first degree, and would welcome measures to.encourage this mobility, while retaining full
- freedom of choice for the student. ' . .

Rscommendation II. We would emphasize that it is our policy precisely to support
the grouping and concerting of research. In our view, the most stimulating environment
for students requires that groups not be too rigidly delineated, since we see real value in .
_intaraction among faculty and students ‘in different groups. Indeed, we believe that groups *
“should be flexible and often overlapping so that new ways of combining areas of expertise
il arise more easily. ' o :

Recommendation 12, The basis upon which our Department of Chemical Engineering
was built was that all members of faculty would participata fully both in gradudte teaching
‘and research and in undergraduatz teachiAy. Indeed, we believe.fhat those who are the .
best teachers should be encouraged to contribute fully to the graduate program rather than
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leave graduate education to those whose inclination is to do research rather than to educate.
At the same time, our. Unlvemry policy is such that in individual cases for both promotion
considerations and salary review, special weight can be attached to the contrlbutlons to
teaching, as compared to those in research.

Recommendation 13. We would agree that a program with fewer than fen Ph.D.
students on the average should be re-examined after five years. Temporary suppression of

"a Ph.D. program would tend to lead to permanent suspension unless strong steps were faken

by the university in question to retain its best faculty members. This could be achieved by
financial encouragement of other forms of research, such as postdocteral fellowshlps. Thus .
temporary suppressron of a Ph.D.- program would be irreversible unless great cdre is exercised,’

- Recommendation 14. If the Un,lverslry of Toronto ogrees ‘with this recommendation, we
would welcome the increased interchange which would result. We believe that all
universities should advise their students to take their Ph.D. degrees at a different university
from their Bachelor's degrees..-

Recommendations |5 to 17. These concern other universities.

[ ]

‘ -Responses to Comments on McMoster Umversrtx (Sectlon 8)

Q

~ WUniversity, provides a- volued |ydgment of our efforts.

The consultonts evaluation of the Depariment of Chemical Englneerlng, McMoster

Through our own omission, we failed to discuss plans "to maintain faculty vitality
during a period of equilibrium of faculty members" (a-46, above section 8-4). While the
consultants did not question members of the Department-on this matter, we have indeed
given some thought to measures to maintain faculty vitality.

McMoster Umvermy has an established sabbatical léave pollcy, of whlch every
tember of the Department of Chemical Engineering has taken advantage, when eligible.

‘We have had and encourage visits by faculty members from other universities for various

periods of time and would like to have similar visits by engineers from industry. Members
of the Department have in the past spent time in mdustry and we feel that these contacts
should be more strongly encouraged in the future. Furthermore, we have tried as much as -
possible to rotgte faculty members in undergraduate teaching assignments so as to encourage -
new ideas in existing courses. The rotating chairmanship also provides a different brand
of leadership every three years, in order that no one faculty member establish an indelible. -
imprint on the Department. -We also encourage interaction by members of the Department
with foculty members and students from other d|s<:|p||nes as a means of stimulus. S

o

There are some correctlons of data and facts.we wish to record.

Toble-o.'l.Z, p. A=24: Research funds.

N

It is onforfunatg that the data listed for Mc'Moster in this table are incorrect and
incomplete. The fault lies partly with the curricula vitae forms which did not specify

the form of data required, partly with us in not c..orrecting the mustoken doto thence extracted,
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~and partly with the consultants not incorporating the correct data supplied to them in
arson during their visit to McMaster, SRR : :

The correct data for McMaster for; 1972-73, are:;

Correct * Shown in Table .12
.N.R.'C . Operating Grants © $|43;340‘ - $112,440
' 7" Computing Grants : 13,300 - /
£Equipment Grants . 18,211 » - .
| 174,851 © 112,440
- Other Canadian Granting Agencies S : . / .
Dept. of Supply & Services , 13,000 - - ( . :
~Polysar Ltd, - . 5,000 . _— -
Ont. Dept. of Enwironment. 4,238 - _ - _—
 Environment Canada ' » 125,000 : - .
(Water Management) —_— ' ‘
: 147,238 \ . j
e - - ) )
Grand Total .~ . $322,089 - $112,440.

‘Grand Total excluding N.R.C. computer and equipment grants: $290,578 °
Number of faculty'members able to opply for any grant in 1972-73; 15
. Number of faculty members receiving N.R.C. operating grants: 14 ( 93%)
. Number of faculty members receiving a grant: . . 15 (100%)
-~ Average grant per faculty member: $21,472 ‘including all grants, * T
' o 19,372 é{«:luding N.R.C. equipment and

. computer grants. ,i ‘
\

A=44 , poragraph'3, line |

In fact, three f&culty members are over 43 years of age: Drs. Shemilt, Hodgins.and
- Anderson. - ' | N | '

=45 , paragraph 1, - o S
|  <The statemé_nf on'o.ve'rcge,NRC/DRB/.MRS 'grc;nts per faculty member may well b
‘based on incorrect data since Table 6.1.2 contains the only explicit data shown but it

is certainly inzorrect for McMaster,

Table 6.12, p. A-33

.. ) The entr} for McMaster under "Staff Size" should be 15 instead of |4, -

Q ‘ o ‘ . . " D ) . . . ! . .’ . E
. January, 1974 . . | | . L -
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. Dr. M.A. Preston, _ .
Executive- Vice-Chairman, LT e
Advisory Committee on Academic Planﬁing,

Council of Ontario Untversities. -

Dear Dr. Preston, - ;'i;ff )
This is a response to your request for

comments on the A.C.A. P. report onnstaduate studies in Chemical

Engineering. R _

’

' : " In general we are pleased with the report
and submit only the followiﬁz*tomments concerning specific
. recommendations 9 and 13 on page "A=10- of the report. .
_ Recnmmendation_94 Aﬂe_sge_moxe disadvantages than advantages R \
- " -4in the establishment of a Post-Entrance Acceptance Committee. '
It could well lead to problems between different Chemical
Engineering Departments of Ontario. At the University -of -
Ottawa the admission of all graduate students must be approved
by the Graduate School. Our Yepartment of Chemical Engineering
' has never attempted to persuade the Graduate School to admit a
candidate with a below B record. In addition, applicants for
the Ph.D. program are also screened by the joint Admissions
Committee of the Engineering departments., , 9.

Recommendation 13: The recommendation that an average ambient
population of at least ten Ph.D. students be maintained is not
necessarily a guarantee of a good Ph.D. program. It seems to us °
thai. the number of students is of minor importance and that the
maintenance: of a scholarly research environment is essential.’
Regular course work offerings at suitable levels, opportunities
of interaction between .various disciplines, provision of adequdte
research facilities, motivations and interests of the staff
members, the presence »f post-doctoral fellows, the recognition
by the Administration of the need and importance of a strong
graduate program, are some of th: major factors in providing a
desirable atmospliere for the training of graduate students.

®

Yours sincerely,

' Ro;2;~butndon. 0.M.1.,
Rector.




. Dhr. M. A. Preston
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QUEEN’S UNIVERSITY °
KINGSTON, ONTARIO

SCHOOL OF GRADUATE sTUDIES AND RESEARCH

January 14, 1974

’

Fxecutive Vice-Chairman

Advisory Committce on Academjc Plannlng v
Council of Ontario.Universitics,

130 St. George Street _ ]
Suite 8039

’ Toronto,-Ontafio M5S 2T4

Dear Mel

Although late in doing so, I Qhould like to submit Qu9 n's
" resnonse to the ACAP Conqultdnt s report on Chemical Engineering,—

a) There is some disagreement with recommendation 1,_bec se the
- Faculty is a.professional Faculty and the Dean must plan for.it
as a whole. On the other hand, the disciplines do/Welcome advice
.on their individual situations. Do

pport recommendations 2 to 8 inclusive.
¢) In connection with recommendation 9 we comment as follows.

- The Chemical Engineering Discipline Group/has an informal agree--
ment to r icw admissions -annually. Thjs is intended as a means
of e.changing information, and as an opportunity to exercise moral
suasion by review and discussion within the group. This we feel to
be prudent and practical. However, /the extension to post facto '
" budget review is unllkely to be practical, given the Ontario system
of financing universitics. 1t is unacceptable. -

d) We agree with the intent of recommendation 10.

/

c) Concerning recommendation 11 we agree that it is stimulating for'
students and staff to have contact with others who have similar
interests. However we feel that the group of pcople with shared
interests can work effectively between departments as well as
within departments, and that the contact should also exist
between universities, and between university and industry.
Therefore individual departments should not be constrained to

-have group research within the department. -

£) We agree with the first part of recommendation 12 but would regard
any llccnsxng procedure as quite undesirable. With respect to
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the second part of the recommendation, Queen's University has a .
statement of .policy which acknowledges that a staff member's
contribution may shift in emphasis from one area to another
throughout - his career. The statement reads in part as follows.
"The nature and extent of each faculty member's endeavours are .
matters to be agreed upon with the University. These professional
endeavours - in total comprising some combination'of teaching,

. supervision, research, scholarship, profe551onal service or |
consultative work, and administration - may vary from time Xo time
for any 1nd1v1dual and may differ among individuals." It is
important to recognize that this process includes the potential -
for reversible changes in emphasis. For example, a staff member
may find it neceéssary to emphasize administration rather than research
for a period of time. Then the emphasis may be reversed to the
beneflt of the university and the staff member. .

g) W1th respect to recommendation 13, thls is clearly an’ impoxtant one
: for the Queen's department since recommendation 16 refers to Queen S
University and specifically refers back to recommendation 13. It is
the intention and expectation of the department that we will maintain
" an average ambient population of at least 10 Ph. D.-'students of the,
required calibre. 1In the past we have insisted on the ma1ntenance
' .-~ of-standards;—and-will-continue to-do so in the future. We have also.
’ stressed the desirability of havfng a high proportion of Canadiah,
students. This. has resulted in a small graduate enrolment with a
slow rate of growth. However it has produced the quality and the
environment which we wished to achieve, and whici we hope to maintain.
We hope that any future review of a department's Ph.D. program will
continue to be concerned with the quality of the performance, and,
will not ultimately depend upon the number of Ph.D. students present.
We do not understand how the number of 10 Ph.D. candidates per year
was arrived at. A smaller number could still ensure the preservatlon
of high standards.

Comments on the Section on Queen's University (Saction 10)

The report is a fair and accurate assessment of the Department's
Ph.D. program. We are aware .of the weaknesses pointed out by the Consultants
and have been taking steps to improve in these areas. On the other hand,
we are encouraged by several of the Consultants' comments, for example by
the view that "the Department's goals and Muture research activities w111
be responsive to the prevalllng needs of the Province".

There is only one, point which requires further comment. ,In-
section 10.6. 2, the report states that it should be a cause of some concern
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to us that“we have retained a number of our own graduates, We feel that
it. should be recognized that Queen's has. a large undergraduate program

and that we have provided .graduate students for other Chemical Engineering
Departments in Canada, regularly, and probably in larger numbers than any
other Canadian University, We are not concerned that some of our graduates
wish to stay at Queen's, however we share the Consultants' concern that we
have not attracted an equal.number of qualified students from cther '

Canadian Universities. This is a general concern among Ontario Departments.

Yours sincerely, -

(3}

- © R. McIntosh . ;

- Dean ‘ ‘
Scheul of Graduate Studies and Research
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" UNIVERSITY OF TORONTO
. School of Graduate Studies

' QPFICE OF THE DRAN ' . : C . " Totonto $, Canada

AT January 3rd, 1974,
Dr. M. A, Preston, '
Executive Vice-Chairman, R
-Advisory Committee on Academic .Planning,
. Council of Ontario. Universities,
-130 St. George' Street, Suite 8039,
'Toronto. M5S 2T4,

Deer Dr. Preeton, )

The: University of Toronto findl the report of the consultants on
the Chemical Engineering Planning Assessment to.be on the whole a useful-
.document., It is all the more regrettable, therefore, that.the report leevee
& number of unnecessary misapprehensions about the Department of Chemical
- Engineering in this university and that the consultants contradict within the
- body” of the report some of their own recomnendetionl.
Firltly. we wish to nnke the followinp response, to the reoonnendetione o

L contained in the report (numbered as on pp. A - -9-to A - 11):*

1. -While we agree with thie reconnendetion, we would note
here that esch university has the right to respond to
the engineering assessment reports seen as a group and
that it may be advisable to make some general recommend-
-ations concerning engineering as a whole,

2.' We agree.
3. Ve a;ree.'-

-4, Again we egree, on condition that any doctoral program
established be of high quality and that the university
_proposing such a program be prepared to make the necessary
- resource investment to ensure that quality,

5, We agree with the recommendation that no reduction should
be made in Ph.D. student population, In fact, the market
" for persons holding the doctoral degree in Chemical
Engineering may well require an increase in the number of
candidates starting the doctorel program now,

6. While it is desirable to increale the number of Canadian
Ph.D. candidates registered in Chemical Engineering, the
problem probably cannot be solved by. ordinary transfer: of
information. Efforts can be made in two directions;
firstly, through the development of professional contacts
between academics and potential Ph.D, employers in industry




6.

7.

(i}

coht'd..,.

and government; secondly, back through.the education
system, perliaps as early as high school, '

We endorse this recommendation and we believe that the
Department of Chemical Engineering of this‘university
already meets its objectives. We understand entrepreneur-
ship to include skill at innovation, enterprise, and _
effective operational design, as well as an appreciation
of the realities of public policy and of the market.. The.
understanding and development of such skills can be aided

- by a small but active involvement of Ph.D. direating staff

- 8,

9.

10,

" 11,

12,

13,

14,

in industrial Chemical Engineering practice., Consequently,

- it 'seems odd that the department in this university is

subject to criticism in the body of the report for their
successful ugse of this approach, -

'The standard seems uhneéessgrily low and - we trust if will

not be taken to suggest we admit students who. only meet
the minimum B level, v '

Although a common standard of admission may be desirable

in this case, we strongly oppose the imposition of financial
sanctions against institutions in the system,, An earned .
and known reputation of poor, quality woul . ‘serve as

- sufficient sanction, '

Wé are agreed that mobility is often desirable and bene-
ficial, providing it does not prevent a student from
attending the university of his choice. We strongly
oppose any financial ‘incentives to encourage mobility, -
These ‘could too easily become financial penalties, -

We are in general agreement with the . ncept of the association
of .research workers to form co-operative groups both within the

* department and between departments when such groups are required

by the problem in hand. We are sensitive, however, to the
primary requirement for the development of the students'
potentialities, and we distinguish this requirement from the
purely research oriented objective, We do not agree that team

research is always a good basis for the best growth and developaw--'

ment of the doctoral gtudent.
We agree,

While realising the benefits of critical size for a.group of .. -
doctoral students in many disciplines, we do not see anywhere
in this report a case presented for Chemical Engineering,

We agree in principle with this recommendation. The Department
does, in fact, recommend to its students that they consider

proceeding with graduate work at universities other than Toronto
and will continue with its efforts to facilitate the reciprocal

movements of students among Ontario graduate schools, ///

N



15, Ve agree: with the rofercnco to recommendation 11, subject
to the conditions noted|there. With regard to the
. question of seminars, we accept the need for. 1mprovnment
, " 1in this area. It has been the subject of discussions. .
. with graduate students within the past few months. The
department has already agreed to institute a new and more
formal lominar format on a trial basis.
Graduate courses vere widely dilcultod lmong faculty and
_students last year. Thu number of graduate courses now
being given appears to offer the student a reasonably
wide choice. We attach a list of the courses ‘actually
being given'in the fall term, 1973, and the offerings
for the spring term, 1974. This list does not include a
number of upper-level undergraduate courses which nay
~ also be taken by graduate students. Ovor a two-year
graduate) term courses is available to the 45 full-timo _
doctoral students in the departmefit: Because of the
need to provide coursas for part-tina students, partice
ularly 1n ‘the M.Eng. progfim. and because of financial
'evcning. No doubt this 16 lonotimoo 1nconvon1¢nt to
some persons, but there is 6ften no economic alternative
. if we ‘are to meet our, rolponlibilitiol to part-time

*fhfu;; o ltudentl. : +

— N . 4

within tho body of the rcport. reference 1is mndo to the englnooring'
library. We agree this is not as goad in its chemical engineering holdings
as the nmunicipal library, which 1s the best of its kind in Canada. Since

‘the municipal 1ibrary is closer to-the department than is the faculty library,

we see no reason why students sliguld not benefit from it. The consultants
recognise the problems created by relatively old housing and shop facilities
and that the current renovations lhould gonorally improve working conditions
for staff and ltudontl.

The consultants remark that little interdepartmental co-operation -
is visible at this University. This is not borne out by evidénce submitted’
to us by the department. As of November 1973, there were 10 members of the
department involved in 17 co-operative programs or supervisions with other
science and non-engineering departments. This excludes co-operative work
within the Faculty of Applied Science and Enginsering.

' Finally, ve regret the attitude taken by the consultants on con-
sulting by the staff in chemical engineering, since the report leaves a
false impression of their activity in this sphere. Strangely, the account
of this activity seems to contradict rdcommendation 7, which deplores the:.
lact of entrepreneurship in students in this diociplino. as vell as recom-
mendations of most other engineering assessments. Attached is & report of
the number of consulting days spent by the faculty for the academic year
1972/73 where it will be noted that the faculty average is 12 days a year,

L
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or'one“déf'a month for each professor, which hardly seems excessive for
this field. It 1s, in fact,. the average for other major departments in
the Faculty here.’ - ) :

-

~ Yours sincerely,

(.3 gaz,i‘q@\
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Graduate Courses Being Given by the Degertment of Chggicel Engineering
in the Fall Term .- 1973. ¢

1

\

1105X ~ Momentum, Heat and Mass Transfer 1

[ "1108X Process Fluid Mechanics and Heat Transfer
1109X Process Modelling and Simulation and Control
1110X ‘Topics in Heat Transfer : - BN
1111X Optimal Process Control ° .
1117x Topics in Applied Chemical Thermodynamics'
1120X Dynamic Planning of Industrial Enterprises
1122x Biochemical Engineering I .
o 1202X " Instrumental Methods of Chemical Analysis I
T ~ISOZX““‘*“Principles of Polymerization
:1307x Céramics II , , ' ' ‘
1401X% Air Pollution Chemistry and Engineering ' BREEEEN
1404X Environmental Radiochemistry ' .
1501X Nuclear Reactor Fundamentals :
1503X Nuclear Instrumentation and Measurement
1510X -  Nuclear Reactor Design

1514X ' Nuclear Reactor Safety- Analysis

T R Gradn,;e_cgu;ges_g;gggred_ta_hej_gtven \py the Degertment of Chemicel .

Engineering in the’ SpringﬁTerm - 1973.

1106x Momentum, Heat and Mess Transfer II

1107X Applied Mathematics for Chemical Engineers

1112X Advanced Topics in Optical Control

1116X Chemical Reactors .
1119X Pulp and Paper Chemistry Technology and Engineering

1124X Topics in Heat Transfer II

.1203X ‘Instrumental Methods of Chemical Analysis II .

1301X Advanced Polymer Engineering

1305X Strong Solids '

.1306X Ceramics 1

1309X . Plastics Engineering

1402% Water Pollution. Chemistry and Engineering

1502X =  Neutron and Photon Transport i

1so4x Nuclear Chemistry

. 1507X Thermal Aspects of the Nuclear Reactor L
1511X Nuclear Reactor Control Systems - -
1512 - Nuclear Reactor Materials

1515X% chleer Reactor Containment
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stetement of distribution'of consultin .work of full-time rofessorial '

.
'staff in the Department of Chemical Engineering during the;year '
July 1, 1972 - June 3b, 1973,
A total of 345 days of consulting work was distributed among |
:28 professors during the year July 1, 1972 to June 30, 1973 as follows.
Consuiting'activity- ‘ Nnmber of
(days) . : profeseors
. oo 7
1-10 = . |
K 11-20 R » 7
21-30 | ' . o 5
n-0 - 2 P .- .

The average commitment to consulting was, therefore, approxi-
mately 12 days per professor in the~department,over the complete year,
i.e. inclusive of the sgmmer months. This is rohghly 1 day/month per

professor.
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SEMINARS IN THE DEPARfMENT OF CHEMICAL ENGINEERING

During the years 1967-68 to 1971-72, approxinately 12
- seminars/yr supported by the School of Graduate Studies were given in the
Department. Subsequently. budget cuts have led to. reductions in the fre-
quency of such seminars to 6/yr. In addition, many interdepartmental
seminars have been given in reCent years involving topics in materials and’
'polymer science, nuclear engineering and environmental issues.
| In.the present academic year, there. have been four seminars _f
| sponsored by the Graduate ‘Schoot, several interdepartmental seminars,.and
the series of Centennial lectures organized by the Faculty. |

| As elsewhere, attendance at seminars has tended to decrease '

deSpite the high- calibre of the speakers, a fact that led to fewer seminars :
| being - scheduled .in the last year or two. .

_‘ However, plans have already been made to hold a series of eight

seminars in the spring term of 1974. There will be six. presentations by
. doctoral candidates nearing the completion of their studies and two pre-

sentations by invited speakérs supported. by the Graduate.School.

1
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' Response of the Unfversity of Waterloo
to the Report of the.Chemical Engineering Consultants
o to the Advisory Committee on Academic Planning
- _ - submitted to ACAP, December 20th, 1973

The\report of the Chemical Engineering consultants is one of the -
best of the reports devoted to the planning study of doctoral work in .
. engineering. The University of Waterloo wishes to commend.the consultants .
for.the fine job which they have done. 'We will make a few general comments .
on the report below. comment specifically on sections of'the report that |

[ ]

. . are devoted to the pyogramme at this, university and finally state our position

on the recommendations which the consultants have set forth in the report.

--General Comments :

The report presents a very good outline of the scope of chemical .
engineering and of the general objectives which should guide the development |
. of a Ph.D. programme in chemical engineering. ' The tonsultanfs also discuss
the difference between chemical engineering and chemical engineering science.
They suggest that there is room in the Ontario system for more activity in ”
applied research and development We support this suggestion but if this is
to be achieved there must be greater financial support available for this
- type of research activity. At the present time the granting agencies lean
heavily towards the support of more scientifically orfented research.

The report also presents a careful and thoughtful analysis of the
job market and the need for doctoral programmes in chemical engineering.. We
. support the consultants in their position that this is the wrong time to be
curtailing graduate enrollment in this field. Indeed events which have taken
place since the report was written and which see us now in ‘the midst of an
energy crisis make this recommendation even more important No one can’really
foresee the need for highly trained manpower and the length of time that is
" involved in producing doctoral graduates. requires that ‘changes be made slowly

and only after the most careful kind of study. There is no evidence as far
as we are concerned of a job shortage in this field -at the present time and
-no prospect of one in the future. A1l of our recent Ph.D. graduates in
chemical engineerinq have 1ound meaningful employment. '
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. Ne share the cancern expressed by the consultants about the small
number of Canadian .students who choose to do graduate work in chemical
engineering As we have pointed out in our responses to. the other engineering
reports, this is a problem that is common to°all of engineering. "The University
_ofIWaterloo has made every ‘effort to attract qualified Canadian students and -
* will continue to do so. Other consultants have suggested the need to increase
the level of financial support for graduate students and we have supported
this recommendation. What is probably more important however, is to bring .-

. about a change in the general atmosphere surrounding doctoral work in

engineering in this country and to convince_the,brightést young Canadian
students ‘that' there -are challenging opportunities for'adVanceg work in
Canadian industry. In.the meantime we will -continue to screen the foreign:

. students who are,taken-into our programme’to ensure that only students of the
highest calibre are brought into the’country; :

Specific Comments :

E'TY have only one relatively minor comment to make on the sec;ion
devoted to the University of Waterloo. On Page A- @ Section 12.11 the
consuttants state that the main function of the Graduate ‘Coupcil "was stated
to be the screening of Ph.D. thesis committees and external examiners."

This activity is part of the function of the Faculty of Engineering“Graduate

- Studies Committee. not of the Graduate Council. The c-aduate Council is a
“university wide body which advises the Senate on matters of policy in the
“area of graduate studies, The Faculty of Engineering Graduate Studies
Committee plays a-much more direct role in the organization and administration
. Qf graduate work in the faculty '

Comments_on Recommendations: .

The consultants make seventeen (l7) recomnendations in this report.
" The University of Waterloo generally supports the recommendations which pertain

. to the entire provincial system subject to the comments which we will make

below., We make no comment on those recommendations which pertain to the pro- o
grammes at other universities '




Recommendations 3 and‘4}_ Neisupport the contehtion of the consultants

.“that a Ph.D. programme must be. regarded as an integral part of the total educa-

tional -process in chemical engineering: It follows from the acceptance of
this principle- that universities offering programmes in. chemical ‘engineering .

should have work at all three degree levels - bache.or s, master's and doctor's.

It should not be in‘erred from this, however, that simply because a- university
. has a bachelors programme it’ automatically’ should expect to offer doctoral
work. Rather the reverse should be the case. It is important in our view
‘that doctoral work .be of high quality. Only then will the impact on the -
™ educational process at the undergraduate Tevel be effective. If a university
“is unable to maintain a strong doctoral programme then one ‘might question its ‘A

.ab111ty to sustain high quality bachelor'sand master's work. - .
' Recommendation 8: We support this recemmendation. A "B" average .
s is a minimum requirement for.admission to:graduate work at the University of

‘”aterloo However, this cannot be interpreted rigidly. The university must
" be able to exercise some d1scretion particularly in the admission of mature |
Students who have had - experience in 1ndustry beyond. their normal undergraduate
——————truining In these cases, recommendations from supervisors_ may be more '
' meaningful as an indication of the student' -aptitude for advanced work than
h1s undergraduate ‘record which may be severdl years old
Recommendation 9: We support the suggestion that graduate admissions
be screened, but we believe that- this should be the responsib111ty of the
discipline group. There is no need in our view to establish a! separate '
conmittee to carry this out. We do not support the suggestion /in this |
‘recommendation that B.I.U. income not be'given for low quality students.
_This would be far too difficult to control. We believe that if the screening
function is. carrfed out by the discipline group the pressure on the unfversities
“w¥11 be such as to minimize any -problems.. ' i
Recommendation 10: We support this recommendation in’principlie.
but not in detail. He believe that students should indeed be encouraged to
not take all three degrees at the same institution but we do not believe that
it s practical or desirdble .to havl .any r1g1d legislation preventing this.
In some cases there may be. vaiid red ons why the student should stay at the
same udiversity o .

-
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| ' Recommendation 12: We support the first part df this recommendation
that Ph.D. programnes should be the responsibi\it} of those staff who have a
satistactory record of research and supervision. We are uncertain howeVerrps
to the intention of the second.part. It would seem to us to be up to each
universiiy to establish the criteria by which it Judges its faculty. The
University of Waterloo already has published policies on promotion and tenure
which set forth the criteria used at this university. .
Recommendation 17: We cannot accept the last paragraph in this
recommendation. We do not believe that faculty members at one university
are the responsibility of the Ontario university system. Each university
must be free to setect its own faculty. We cannot accept an obligation to
hire professors from other universities whose programmes in certain disciplines
might be curtailed or phased out. At the same time we would not expect other

universities in the system to assume any such obligation for the members of

¢ur faculty.
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University of Western Ontario Response to the Consultants
Report - Ph,D, Planning Assessment in Chemical Engineering

December 12, 1973,

This response has been prepared bv a Committee of Scnate
charged with generating such a response to the ACAP Consultants'
report on doctoral studies in Chemical Engineering. Our comments
are divided into two categories - those dcaling with broad questions
~of academic policy and those dealing with factual details.

Policy Matters

1. Recommendation #9 on pg. A-10 deals with the creation of a
system-wide committee to monitor graduate admissions with a
view to ensuring that minimum admission requiremonts are
maintained in all programs. Because admission standards pro-
vide one measure of program cquality, we are in complete
agreement with this recommendation and can foresee the alreagdy
established Discipline Group fulfilling this function on a-
continuing basis. We are, however, strongly opposed ‘to the
enforcement of admission requirements through the use of
financial sanctions as recommended by the Consultants. In view.
of the fact that all admissions to Chemical Engineering graduate
programs are already carefully scrutinized by the Faculty of
Graduate Studies, the moral suasion which will result from
system-wide disclosure should be sufficient to accomplish the
objective and more in keeping with a proper University-Government
relationship.

2. Recommendation #13 on pg. A-10 introduces a new approach to
the critical size concept, this time in terms of an average
ambient population. It is our view that "critical capability®
is more germane to a Ph.D. program than "average ambient
population", and that the nurber of 10 Ph.D. students appeacss
somewhat arbitrary. If it is critical capability which' is
the concern, then the number of post-doctoral fellows associated
with a research program must obviously be taken into account.

3. We share the concerns of the Consultants outlined on pg. A-40Q
dealing with the low proportion of Canadian students in Ontario
graduate programs. If the Chemical Ergineering graduate
programs in Ontario are to compete with the financial attractions
of industry for the intellectual interecsts of Canadian bachelors
graduates in Engineering, then more attractive scholarship
programs aimed at Canadian students are absolutely essential.
1n responses to some of the other Engineering ACAP Consultants
Reports where the low proportion of Canadian students in
graduate progrars has been identified as a problem, we have
sucgested the solution of higher stipends for graduate students
holiirng jrofessional qualificaticons, as is presently done in
the fields of medical research.




Factual Details

1. Three of the entries for Westernkin Tabile 6¢.1.1 on pg. A=~ 23
are incorrect and should be changed. The entry for F.T. Staff
should read 10 rather thah 11, for Assistant Professors should
read 2 rather than 3, and for Postdoctoral Fellows should
read 11 (eleven) rather than 0 (zero). As a result cof these
changes, Table 6.1.2 on pg. A=-24 will have to be modified to
show $12,350 as the average total grant per professor o
($123,500 divided by 10 professors).

2, The indication that a student in Engineering received more than
the allowable $2,400. of formula support per three consecutive
terms is an exceptional instance. Recently instituted continuous
monitoring of support to students in the Faculty of Engineering
would indicate that a limited number of minos deviaticns from
regulations have occurred in the past and sters have been taken
to correct the overcommitment within the budget year .under
consideration. These actions have assured that even small
deviations from Provincial policy do not occur.




C-34

A Response of the University of Western Ortario to the

) ) . ) : .
Advisory Committee on Academic Planning with respect to . _
the Engincering Specialty Assessments (1973). .

November 29, 1973

llistorical Aspects .

Approximately 20 years apo (1954) on the recommendation of the Faculty
of Arts and Science the Senate of the University of Western Ontario established a
Department of Engineering Science., This Department underteok to gather the faculty
necessary to establish an Lnd*pendent Faculty of Lngmeurmb Science and Faculty:
stutus wes granted to this group in 1960, The beginning of formal graduate study
Was the otfering of an M.E.Sc.. program which received the approval of the Faculty
ol Graduate Studies and Senate in 1961, The first candidates (4) were admivted (in
September 1902 and by 1964-65 the number of M.E,.Sc. candidates had risen to 18
In October 1u6d4 the Faculty of (Graduate Studies approved the establishment of a Ph.D
program in Engineering Science and the Senate supported this action on January 29, 1965,
Frem the outset an effort was made to elpha51ae the interdisciplinary nature of the
program and graduate training was offered in 2 limited number of areas which at that
time included chemical and biochemical onglneelln,, soil mechanics, structural '
engineering and thermodynamies. Since its inception the Ph.D, program has produced
a nunber of graduates '

1969 - 1
1970 - 1
1971 - 6
1972 - 6
1973 - 6

In 1973-74 there were envolled in the Ph.D. program 29 full-time students
and 15 part-time students. All of-these studenis have received or are enrolled in
programs leading to a Ph.D. in kngineering Science and none of them has reccived
a degree designated as serving one of the traditional specialties of engxneerlng
(¢.g. chemical, mechanical, etv.). .

The "Ring of lIron" published in 1970, among other things, recommended
that the Faculty of Enginvering Scicace drop the "Science" from its name (Ring of Iron,
p. 77).  The Faculty, arfter considering this matter, elected to retain this name as
it did ity interdisciplinary pregrams. “the "Rinyg of Iron'" did recognise the inter-
disciplirary nature of the programs by recommending that western "concentrate' on
eavironmental engineering vhich was acknowledged at that time to ba a foretaste of the
future. At that asseosient 1t was also noted that "Western has gained distinction with
its work in industrial acrodyrnamics, clectrostatics and bicengineering"”. (Ring of Iren,
pe 70).

Presoat Aae cnnnent

As a consequencs of divsatistuction with the stringency of Ph.D, recommend-

atrons in the "lina of irnn” ay adopted by the Coracil of Ontxrlo Umiversities, the
Contcr o of bcans of Enoineering bon solgnt a0 reassesaoent of tv FhoD. proygrams in
Onlaric ingincesing S }.uox ve dhius taskh was u:;‘n‘t'l-cn uinder the vegls of the

Aavicery Cometttee on Acadersic Planeing and semcthing which has been erroncously -

LI 1

ceca Mrear-apnraasal lxa:, heen performed,
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The conditions under which this appraisal was undertaken are of

particular interest hecause the form which this assessment has taken fails to

tahe cognizance of work of an interdisciplirary nature which may be deemed to be
outside the traditional specialties of civil, electrical, rmechanical, chemical and
metallurgical and materials sx»ence_cnhxncorlng. Examination of the five rcports
which have been received reveals rather remarkable diffcrences between reports in
spite of tae fact that the consultants seem to have been given substantially
equivalent instructions (with the possible exceptions of mechanical and chemical
groups wio do not specifically report their terms of reference)., Remarkable perhaps
are the prevalgnt corments about "critical size' when the printed terms of reference
contain no mention ot critical size.

As the present assessment has been conducted, it secks to determine
whether the engineering scirools of the province contain flVC individually certifiable
traditioral specialties of engireering. If this was the objective of the assessment
it was not sq stated in advance.- Not surprisingly, the large schools with substantial
groups in each of the specialties survive asstssments of this sort, The smaller schools
regardless of the quality of their operations when judged in this particular frame
of reference are found wanting in one or more of tle traditional specialties. That
is not to say that the discipline is not represented in the school since it must be
to meet undergraduate instructional needs but the group practising the special .y is
small and does not meet sowe arbitrarily defined critical size.

_What can a school that is faced with this difficulty do? Aside from the
obvious und in general unacceptable possibility of retiring from competition the
rescarcher in the small "sub-critical" groups seeks to meet the need for interaction
with other professionals and to develon his own intellectual pursulgs by developing
liasors with other individuals in related ficlds. The consequence is that individuals
with dit'terent buackgrounds, information and skills address themselves to problems
wvhich they have in common, At its best this kind of development can be the most
exciting research conceivable. At its woust the products of the activity may be
rinital or zero. liowever, we wouild contend that operations of this sort which stem
frum small interdisciplinary groups are potentially of great importance and {urther-
more, that the present assessments carried.out along stereotyped lines may not detect
these activities and are likely not suited to the evaluation of theam.

1t will be evident thut interactions with individuals in other disciplinary
specialties, however integral to the research in hand, will not permit the specialist
groay soarsely represented, on stait to meet the criterion of critical size when the
dasessuent Is carried out in the framework of traditional disciplines.

The situstions whicn prevail at Western in which these difficulties of
assessnent are rmost casily identifiable lie with the Electrical and Materials Science
gr .o although the prevailing interdisciplinary attitude of faculty members in other

51.un: Tedds to a reda;tlon in the vertical 1rtn5ritv of the traditional specialtices
and to nn enhancenent of *ﬁri:ontul interrctiens between specialties,  Encouragement
of tiie horicz ﬂﬂtal interaction has been a conscious pollc> within the Faculty of
Engiooering Science and is a major deterniinii g fuctor in the decision of the Faculty
thootter an .ubxan11“5 Scivnee program rathor than programs an the traditional

sprciieltivs,
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The Engincering 3cience Concept

The absence of departmental structure and all that it contributes to
specialty tribalism, the limited dimensions of the Faculty (approximately 43 F.T.E.),
and the existence of congenial relations has led to. development of extensive inter-
action and collaboration between groups within the Faculty. For similar reasons it
has also been possiblé to develop interfaculty research activities in the biobmedical
area, (collaborative activities in both biomedical engineering and applied physiology),
in radioscience (as participating members in the Centre for Radioscience) and in
computer science (where the systems engineering group has developed a collaboration).
The abiding interest cf the Faculty in environmental matters has promoted interaction
with other parts of the University which may be expected to bear fruit in the future,
It should be noted that in all five of the assessment reports the comments on the
quality of the work in hand were favorable, ' ‘ '

: In effect, circumstances havedictated that a2 particular course of
development be followed., It would be our contentioin that this course has led to much
that is valuable and worthy of development. Fkhile the route we pursue may be in-
appropriate to other Engineering Schools we would request that we be judged in this
framework and not in the traditional format which cuts across rather .than displays
our most effective activities,

These remarks may be concluded by a statement that as recently as
November 14, 1973 and with the full knowledge of the various consultants reports,.
the Faculty of Engineering Science reaffirmed its intent to continue to offer under-
graduate, masters and doctoral training in Engineering Science and not in any of the
specific sub-disciplines. '
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RESPONSE OF THE UNIVERSITY OF WINDSOR TO THE ACAP REPORT
FOR COCTORAL STUDIES IN CHEMICAL ENGINEERING

introduction

The consultants' repprf on Chemical Engineering at
Windsor is generally complimentary. :However, it appiies two
consideratfons in singling out Wiadsor for further investi-
gation., These are chat there are too many departments of
chemical-eﬂgineering in Ontario and that a critical size exists
for viabl'e operation of a department. These considerations are’

.

efamined in derail as we comment on the report's recommendations
in turn,

Since one table »f data (6.1.2) is completely erroneous
with respect to at least Windsor we also provide a set of correct
‘data. A}soaattaéhed is 3 brief description of the operatioﬁ of

the Engineering Process Design Divisior, the means by which

Windsor achieves critical interaction.
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Recommendation 1, That, i{f Indeed a suitable basis for planning
the development of Ph,D. programs in Ontario
Universities were found, such planning should
be done separately for the various individual

branches of engineering (e.g.:  chemical,
civil, etc.) rather than for englineering as
a whole; '

This we reject on the basis that it ignores the necessity
and the desirability of interaction between departments (and disci-
plines) at individual schoo!s, Such interdisciplinary interaction
may be even strohger than intra-disciplinary communication between
various universities, In most instances the separate departments 
of engineering were set up .with the objective of developing strong
overall faculties of engineering. This has been the intent at
Windsor.

Recommendation 2. That, considering the length of time required
to establish a high-quality Ph.D. program, no
short~term corsiderations should be invnlved
in any planning:

We agree. And long-term considerations should be com-
pletely thought out.

Recommendation 3. That the Ph.D. program be reqarded as an integral
part of the total educational process in chemical
engineering, and by its presence strongly influenc-
ing programs at other levels in a given university;

Agreed. 1he statement, however, holds for any learning
discipline, not just chemical engineering. Therefore, each individual
department of engineering need not give its own particular Fh.D.
to achieve the above. A sharing of such a program between small
departments o like background may in fact be better than having

departments of limited resources competiig, rather than working,

with one another.
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Recommendation 4, That no universlity having a Bachelor's and a
Master's program be prevented permancatly from
offering a doctoral program;

The intent 'is presuﬁably that no quallfied individual
be prevented permanently from having doctoral students under his
supervision, See 3 abdve.

Recommendation '5. That because no evidence of major overproduction
~of Ph.D.'s in chemical engineering in Ontarlo
exists, the total population of Ph.D. students
in the Province as forecast and desired by the
departments not be reduced sIgnIficantly during
the next five years.

We agree., Enough reduction ’'hras algeady taken place In
any case.

Recommendation 6. That, considering the decreasing numbers of
Canadians registering in Ph.D. programs in
chemical engineering, approprliate steps be
taken to inform: :

1) potential candidates of the value of a Ph.D.
degree in many phases of Government and in-
dustrial activities, and not only in research
and development;

2) employers, both in Government and industry
of the premium value of the chemlcal engineer
with a Ph.D. in many phases of their activities
in addition to research and development;

Agree. The Ph.D. program has lost its Canadian identity
and must do something before becoming suspect.

Recommendation 7. That Ph.D. programs in addition to the usual
scholarly goals, have as one of their aims an
effort to develop entrepreneurship in students
since this Is a quality so badly needed at
present in Canada;

Or more strongly =-- that Ph.D. programs develop entrepren-
ecurship in students. Consulting through research institutes or the
like should involve Ph.D. students more than at present. This has

been the practice at Windsor.
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Recommendation 8. That, since there is never a valld reason for
A producing a second- or third- rate Ph.,D.,.no
' student be admitted into the qraduate training
" program, elther at the Master's or the Ph.D.
leyel, unle'ss that student has obtalned .n
undergraduate tralning, the equivalent.of at
least a B level;

This is indisputable in intent but a B level is not a

<

" quarantee of a first rate graduate degree. And, pursuit of the

. . . <
entrepreneurship goal may require broader entrance criteria than

,.grades.

Recommendation 9. That there be establi:hed a Post-Entrance
Acceptance Committee (PEACE) composed of
reprecentatives from all the chemical engnneertng
departments engaged in Ph.D. education;

That this committee meet within a period of 'less
than one month after the academic year has com-
menced, and that all acceptances be reviewed
post facto, .all available data being presented
to this committee;

That, should it be found that students have b.en
accepted who, in the opinion of this committee
do not fulfill the minimum requirements, the
committee advise the Council of Ontario Univer-
sities that a recommendation be made to.the
requisite authority suggesting no Basic Income
Units be awarded ftor that student;

The Univ;rsity of Windsor would not accept the establish-
ment of PEACE, or of any external screening committee of this kind.
However, we are not averse to an annual engineering-wide disclosure
of our admissions to be reviewed by CODE. This external_policinq

would be quite adequate to quarantee qgereral adherence to the

standards of admission 51ready laid down by Ontario graduate schools.
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Recommendation 0. That, eithnr in the ftnan;tng of Ph.D., programs

or by ‘other means, the Government of Ontario take
steps to strungly encourage mobility among the -
graduates of the universities of the Province so
that a falr portion of them take higher degrees

at .universities other than at the one which awarded
them their bachelor s degree;

We agree. Such a pollkcy may break the present stalemate.
But a wider view including al! Canada, the United States and beyond
may also be encouraged,

Recommendatlion 11, That efforts be continued in the departments to

group research activities In well-defined areas

sc as to establish or reinforce teams, thus .
providing a more stimulating environment: for.the
students; :

We heartily agree. Also encourage groupings whléh tran-
scend departmental boundaries where this I's beneflicial to the students
and to the faculty.

Recommendation 12. That Ph.D. programs be the responsibility of‘onjy
those staff members who have a proven or potential
satisfactory research product'vity and. capability
of supervising students; : .

That éonsequently, universities adopt'and publish
policies which confirm the provision of equally
valid career opportunities in other areas of
university activities such as teaching,student
guidance and administrative duties, for those:
professors who have no special inclinations to
participate in Ph.D. programs;

This is a crucial recommendation. *'Both parts of the recom-

rrendation indicate that research, if done, is to be well done. The

recognition of.student supervision abilities is noteworthy and long

overdue. The second part may be inconsistent with recommendation 3

unless it is reworded to state -- that the undergraduate program and

the graduate program be regarded as integral parts 6f the total

a

educational process: one cannot exist without the other.
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Recommendattion 13, That the case of a depar.ment which during the
next five years has not maintained an average
amblent population of at least. ten Ph.D, studants
of the callber specified in recommendatio~ 8, be:
reexamined by the appropriate autherities with a
view to the temporary suppression of the Ph.D.
program: ' : :

We cannot agree. The intent is cflitical lnteracfton, the
solution given here s critical size. ‘Unless the desired critical
interaction is measured directly In both large and small schools

it should not be presumed to exist.

The recommendations which follow are pertinent to particu-

lar schools.  Only recommendation 17 mentions the University cf

N

Windsor:

Recommendation 17, That the case of the Department at the University
« of Windsor be glven particular attention by ACAP

in the light of recommendation 2 and 3 and in

gonsideration of the present excessive number of

departmen's of chemical engineering in Ontario;

_ N Y
That this case be investigated in greater depth
than the present study has allowed; '

That in the event of any action taken vith regard

to the present recommendation and recommendation

3, very special consideratlon be given to all

aspects of the relocation of staff members .who

in the opinion of the consultants, are the

responsibility of the Ontario university system,
There are seaveral points to be considered under this
recommendation. The fifrst of tnese is '"the present excessive number
of departments of chemicai engineering in Ontario' or as stated in
the conclusions of the report '"'there is some evidence that the number

4

of departments of chemical engineering in Ontario is greater than

called for by present needs''.
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The criterion for stating that the number of-départments
exceeds needs Is a relatively high ra?lo of number of departments/

million population, for Ontario. This kind of ratlo Is fundamentally

meaningless, unless applied uniformly for all learning disciplines.

"berhaps it could be that Ontarlo has done so well because of this

high ratlo? Then, why go backwards?

Grant.ing for the moment that there are too many dcpartments
of chemical engineering, the question arises as to which of thesel
departments ére 'superfluous' to the system. Although the criterlon
used by the éonsultants is not explicitly stated It.is apparenf to
us that thé consultants have applied {he criterion of Heritical size"
in.singling out bo{h Windsor and Queen's for special coqsideration.
This interpretation is borne out by Recommendation 13 where at least
10 Ph.D. students are'requq:ed for a c;itical size.. Further, in
referring éo.the Engi&eering Process_Des}gn Divisioq in whfch thé
entire chemical engineering department at Windsor is’placed, we
find "Even though the total number of féculty members in a division
(20) is still small, yet the arrangement should produce good Inter-
action between disciplines, and is real#y the only way in which

anything approaching critical size can be produced™.

Presumably any department of less than 20 facuity is of less than

critical size (In fact, only two departments in 0Nntario have more’
than twenty faculty wembers).

The criterion of critical size is questionable, and
so are the arbitr;ry levels assigned to this criterion. We sub-

mit that the division structure at Windsor, in setting out to achieve

critical interaction has already satisfied the objectives sought by
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the critical slze concept. The dtv!slon‘strucfure ls now In lIts
second year of operation. A brief desc;fptton of .the Engineering
Process Design Divtston; appropriate to Chemicél Engineering, Is
attached. -

Another point of interest is Table 6:1.2 which places
Windsor ét the bottom of a grants/ faculty member scale. The
data are acknowledged to be incomplete-and as such are erroneous.
quefully sucp a table was not. used in éelecpingTWIndsor (or
Queen's) for special consideratlon. In any case data'of such
importance-should be based on periods of at least 3 years, the
normal residence time of a Ph.D. student. Correct data are

attached.
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Enqineering Process Design Division

——

This division brings together in a formal fashion faculty
anq.s:udenté'working in research areas relating to the th%ory and.
p}actice of process design. The division thus encompasses personnel
wit% research interests in thermodynamics, kinetic® and transport
processes: in terms of engineering practice, these fundamentals ccver
A wide range of apptfcatiohs. The membership of the division,ICUm-
prising faculty members from departmenfs of Chemical, Civil, Engineer-
ing Materials, Geological and Mechanical Engineering, reflects this.
Jiversity.

fhe division provides cohesion of research efforts in two
«ays: first, by integration of course of ferings and second, by pro-
moting interdisciplinary contact. The courses offered by the division
are divided into core courses, considered important enough to be -
mandatory for all students within the division, and non-core courses
i n three special areas, namely hydrological, environmental and thermo-
fluid., Orqanifétion of course offerings in this fashion streamlines
a students' program of study, and provides him with useful exposure
io the broader implications of process design principles. Further-

‘n addition to a consolidation of course offerings, the division

TAare .
srasides A forum for mutual interaction and complementation of
research expertise as well as facilities.

The major research areas represented by the membership of
‘me enqinecering process desiqn division are 1) environmental (air,

“3ter, sn0lid and noise pollution) (ii) fluid mechanics, hydroloqgy and

v, draulics (iii) heat transfer (iv) engineering materials.
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* . UNIVERSITY OF WINDSOR

' . CHEMICAL ENGINEERING .
G, Coad Gule &% Entid 00 P Tt £ 12,
Grants-in Aid of Raosearch (1972-73) '
B Dr, M. aAdelman $7,000.00 N,R.C, _ . $7,000.00
Pr. G. P, Mathur 5,000,00 N.R.C, 5,000.00

' 2,000.00 Aluminum Company of Canada 2,000.00

Pr. A. w. Gayp with 16,455.00 Air Management Branch through
Dr. C. C. St. Pierre . the I.R.I. 16,455.00

and S. J. W. Price 3,000.00 Hiram Walkers Limited through
: the I.R.I. 3,000.00

4,000.00 Chrysler Canada Limited

- through the I.R.I. 4,000.00
Dr. C. C. St. Pierre 4,000.00 X.R.C. : 4,000.00
Dr. R. A. Stager 4,300.00 N.R.C. ' 4,300.00
' $45,755.00

R
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Procedure for Chemical Engineering Doc:oral Planning Assessment
conducted by ACAP in co-operation with CODE

1972-73

A. Tasks Requested from Discipline Group (with helﬁ avallable from ACAP at all
stages)

.A.l. Meet with representatives of ACAP and CODE and discuss the specialty fields
assigned to this assessment., An initial meeting of the five engineering
discipline groups may prove desirable., The field allocations may be altered
by ACAP as a result of these discussions and CODE comment,

) .. .
A.2, Suggest a panel of suitable consultants frow which ACAP may choose. ACAP
will refer the list to CODE for comment before acting.

A.3, Examine and comment on. pro formae to be used for the gathering of information
on current, past and future programmes as described in paragraph B.l,

‘A4, Examine and comment to ACAP on the adequacy of the data collectéd on
current and past strength. CODE will also be asked to comment on tne data
reliability, '

A.5. Both in consultation with ACAP/CODE representatives and separately, consider
the situation revealad by the tabulation of proposed future vrogrammes and
consider whether future plans should be modified or develcped in more
detail. As a result of this step, Individual universities may wish to
reyvise the material described in B.l.d below.

A.6. Possibly develop a tentative plan for development of established or new
doctoral work in Ontario paying attention to adequate coverage:of fields
and specialties. Any such plans will bte reported to ACAP vhich will
transmit them to the consultants and to CODE.

A.7. TFor this assessment, the discipline group shall consist of a member of
each of the Departments of Chemical Engineering, that member being the
chairman unless the chairman delegates this responsibility to a colleague
on a permanent basis.,

B, Information from Universities

B.1l. Each university is asted to supply to ACAP, in the form indicated by
ACAP after comment by CODE and by the discipline group (paragraph A,.3.).




information as follows:

a) for each specialty field determined in A.1.

(1) current list of faculty members showing fraction of research
and graduate instruction time devoted to the field (for part-
time professors show the time spent on unjversity duties);

(11) numbers of full-time and part-time faculty members for each
of the past five years}

(111) for the current year and preceding five years, number of
(1) master's and (2) Ph.D. candidates and (3) post-doctoral
fellows doing research in the field full and part-time
shown separately. .-

Under these three hea&ings.one individual may appear under more than one
Category. . . *

b) for each 'degartment" which offers doctoral work in the fields of
this assessment

“w
-

(1) Curricula Vitarum of each faculty member (Assistant Professors
and higher) showing inter alia complete publication lists,
research funding in the past five years, and graduate students
and post-doctoral fellows supervised during his career, and
specialization.

(11) resources of space - a statement indicating the department's
view of the adequacy of its space, and, in connection with
the future plans in (d) below, discussing future space
provision; .

(111) number of Bachelors' graduates in chemical engineering and
number of qualifying or make-up students each year for the
last five years;

(iv) other general items relevant to research and graduate study,
: a) major laboratories and equipment, over $5,000
b) computing facilities;

(v) support from related departments including shared teaching and
research; :

. (vi) description of any inter-university arrangements for graduate
work.

cf table of characteristics of graduate students in the department in
previous five years, separately for Master's and Ph. D., breaking
down numbers by:

(1). Full-time and Part~time;
(11) immigration status (3 years) and country of first degree;

(111)  sources of financial support;

(iv) time to reach degree;




(v) drop-out number; -

(vi) degrees granted; . .

(vii) post graduate employment of Ph.D.'s
' a) immediate and | _ : :
b)sa.f.&ez\ LWO yPars. _ °

d) propesed plans for the future of doctoral work, in &3 much detall as
the departiment can provide, including the proposed scheme for support
of thesc plauns, and accompanied by supporting arguments, including
consideration of .the sources of doctoral students and an analvsis of
demand for graudates .from the programmes as indicated by previous

$ plc.cement cxperience.  The various headings in a) and b) above
should be dealt with quantitatively wirere possible; as a minirum,
planned nunbers of faculty and doctoral students should be given.,
1f part-time doctoral work is contemplated, please discuss in detail.

B.2. The rmatcrial so supplied will be collated by ACAP and transmitted to the.
discipline groip for action indicated in paragraphs A.4., A5 and A6,

B.3. Apart frem the material described in B.1l.d. and to some exient generated at
the departmoent level, each interested university will be requested to make
an individual statemont on its nlans for the development of doctoral
work in these ficlds of engineering, in particular the items of future
conmitment impliec’ Dy item Deieds ' :

C. Tecrm~ ~f Refereace of Consultants _ .

C.1. Consider the two special documents related to the coordination of the assess-
ments in Engincering, viz. Engincering Ph.D. Planning and Assessment Procedures,
Statement on Ph.D. Studies-in Engineering Studies in Ontario. and the matcrial
prepared by the discipline group 'and the universities and obtain other data they
may require to carry out the tasks detailed v~low. They shall bd provided with
copiss of "Ring of Iron", the COU statement thereon, and the CODE, OCGS and
ATEO respoases., They mav obtain data and views from any relevant source, such
as, for example, enplovers of holders of graduate degrees, prof¢ ssional and
learsed socictics, federal agencies. The campus of eact interested nniversity
shall be visited by at least two consultants. Consultants shall arrange their
sohedule of visits to the universities in consultation with ACAP to ensure
uniformity. Reports of appraisal consultants are privileged documents and are
not to be made available to ACAP consultants. Consultants shall meet with the
discipline yroup near the beginning of the work, during the work as they consider
necessary, ond immediately before pruparing their final rcport.

[
C.2. =Report on the adequacy of the present state _of doctorcl work in "'chemical
cngineering'” in the province in general and in each university where applicable,
discussing the following:

a. coverage of fields and specialties, and extent of activity in each

p. faculty quality and quantity

)
o ¢. nature of progranmes offired

4. enrolment size and distribution amcngst universities and divicions
. . S
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g0
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quality of student body; admission requirements

relationship tc related disciplines and to the profession '
phiysical facilities ' ’

othor ratters considered by the consultants to be significant.

recommendations for the developiment of doctoral work in fields of

this asseusment in Cotario between 1973 and 1978, raking into consideration
such plans as oy be developed by the Discipline Group, and, w thout limiting
the generality of the foregoing, dealing with the following points:

ae.

T

- s

all core, it ds ioportant that the rat
be clear; this is ts;c“i*lly important for items c¢. and d.

Vesirable dcctoral pregrammes to be offered in the province, considering
both nvossible li-itations or redu-ticns of existing programmes and
creation of new programmes and new kinds of programmes including

the appropriatencss of part-time progrvammés. In particular, consider
if there sheuld or she.ld not be more activity in fields now preducing
few graduates in Ont. i:0 and also the desirability of developing further
application-oricunted and inter-disciplinary work and industrial involvement.

Desirable provincial enrolments, vear by year, in the doctoral study

in chemical enginecring and in the major subject divisions where
appropriate.  Oae.should censidor the need for highly trained manpower

and also the ¢encral cultural and societal factors whick mav leud s:ndents
to pursu~ Jdecteral work in engirecring. In considering munpower neceds,
one sheulsd take account of the "market" available to graduates (at

least all c¢f Carada) and of otaer sources-of supply for that market.
Results of forecasts of high tevel manpower employment sliould be treated
with due¢ caution and oniy 1n a ciearly balanced reglationship with

cultural and societal nceds.

Distribution amcongst the universitics of responsibility for programmes -
aud for specialties where appropriate, including consideration of the
need for any increasc or decrease in the number of departments offering
doctoral work a=d including consideration of areas of collaboration

and sharing of facilities at regional level and across.the province.
Consider tochnizues for involvemuint in ¢uctoral supervision of
professors in departments winich do rot take doctoral students in

their ficlds, and the vxtent to which such activity is desirable.

Dirtribution of enrolment amongst the universities, showing desirabde
ravges of carolment,

ha ionale for the recuvieadatiols

It is permissiblc for concultants to recommend appraisals of individual
progracres, This o weuld ariae if consultants were to srencet that a
progpramne would 2 founrd to be wholly or in part below mininum acceptable
standaris; and arpra‘sal by the Aprraisals Committee is the means of
settifng the muesticon. It 1s recoeniced that this action would be
Inirequante T earrying cut plaating asscssrent s

incoms dinedstin es, cennnltants find there to be an excess or deficiorcy
Lot predrammes dnoa givea area of study, where all of the existing proprammes
could pisc an appraisal, they mav, subject to thei- owr, Judymeats of relative
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quality and of other factors (a task outside the terms of reference of the
App aisals Committee), recommend wiiere enrolment should be changed in
accordunce with the possibilities indicated in section C3 (c).

Appointront of Consultants

The consultants shall include one persun of wide acdademic experience in Canada

but in a different discipline. The other two consultants shall be engineers of

interrational standing, with suitable administrative aud/or teaching experience,
and vith expertise in some of the fields assigned to the chemical engineering
assessment,

~

Report «f Corcultants

The consultants subtmitv a joir: report to ACAP (tentative date of September.1973).
Minority reports are, of course, possible, The reascning leading tc their
reconmendations should be given fully, in view of the subsequent treatment of

the re¢,ort, Jlie repert is subnitted for comment to CODE, to the discipline group
and to eaci. interested univcrsity., There may be informal or interim exchanges

of views arongst the discipline group, the universities, CODE and ACAP. Ary
university vhich wishes to mare a formal statement to COU on the consultants'

- repore :hall submit it to ACAP. Any such report shall be transmitted to CODE

and to the discivline “oup. "The discipline group shall submit its formal comments
and/or recommendations to ACAP and CODE. CODE submits, to ACAP its rocormendations

to CCU'. ACAP considers the CODE, discipline group and university statements along
with the censtltants' repcrt and transmits them to COU with-its recormendations of the
positicn COU cheuld adeopt. Corjes of the material trancmitted to COU will be

suppilea to Luur, to CCGS, to the me.sbers of the disciplire group and to the inter-
ested universities. CODZ, OCGS and the universities are thus enabled to prepare

for Jircct comment to a C(U meeting. The consultants' report may be published
together vith the comments of CODE, the discipline group and those of any univer-

sity so requesting, and aith the position adopted by COU.




Amended’ November 29, 1972, | ' | ,f

‘Enyineering Ph.D. Planning and
Assessment Procedurgs

Coordinating Task'Force, September 25, 1972

1. The doctoral assessments in Engineering are being conducted as a g-oup..
To that end there has been established a Coordinating Task Force to
coordinate the conduct of the assessments in accordance with the proce-
dures outlined in this Jocument which is referred to in section Cl of
the Terms cf Reference for the Consultants.,

\", 2, All "departments" of each Engineering Faculty shall prepare a statement
presenting their current and proposed Ph.D. activities including:

(a) areas of research and study
* (b) educatjonal goals and style
! (c) enroluent ranges prajected to five years, and other itens
as defined in section B of the approved '"Procedure",
including the basic ACAP quantitative data sheets as modi-
fied for the engineering’ assessments. :

" The quantitative data sheets, to be submitted to ACAP By November 1, 197%,

~and the "five-year plans', due by the end of January 1973, will fhen be
distributed by ACAP to the discipline. groups for consideration and planning
action by the individual institutions and by the discipline groups.
Copies will be made available to the members of CODE,

Departrments are encouraged to discuss their preliminary plans with the
appropriate discipline group prior to formal submission in January and
the discipline groups should be active in their planning function
throughout this period. .

3. Fach Discipline Group will be charged to prepare from the statements a
report on Ph.D. activities and plans in their discipline area, noting
both apparent conflicts and gaps in both areas of specialization and
enrolments. YNeports will be distributed as above, by the end of
February 1573. '

4. Fach University mav nmodify the above statements in the light of the .
above and in coasultaticu with the Discipline Creups and other Universities
as appropriate. Subsequently the Discipline Groups will finalize their

reports, which are due to ACAP? by April 15, 1973.

S. These statements and reperts, along with the regular ACAP assessment data
"(to be preparcd duriag the above process, perhaps with CODE “data bank”
collaboration) shall form the data base for the assessment teams. Failure
to meet deadlines will not be allowed to delay proceedings.
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5. The Coordinating Task Force will review the detailed terms of reference
to be given to the consultant teams, particularly in the educational
professional areas. This is scheduled for completion by September 30,
1972, ' ' : :

6. Upon completion of (4) abov2, the Coordinating Task Force shall recommend
to CODE and ACAP whether areas in Engineering not clearly included within
the five major discipline areas shall be included within the total of
enginecring activity without further review, or included within one or
more of the major discipline studies, or be subject to a small special
assessment process. o

'4 . »

7. CODE, with assistance frow COU and utilizing outside expertise as needed,
shall irplement a special study of the engineering manpower situation at
the Ph.D. level. This study should be available for consideration by
ACAP, the Discipline Groups and the consultants prior to the drafting of
final reperts and responses. Reports on the progress of this study shall
te reviewed by the Coordinating Task Force; the first report shall be due
by the end of 1972, '

8. “he formal assessment and consultative process shall commience on completion
of (4) aud the consultants shall be provided with a general statement, in
additirs® to the d:ta base material, terms of reference, and other relevant
docurent =,  This statement which has been prepared by the Coordinating
Task Torce and is referred to in section Cl of the Terms of Reference for
the consultants is intended to draw attention to some features of the
Ph.D. i Drnsincering which the Task Force considers distinctive enough to
merit pa-ticular coasideration by the consultants. Fducational, profes-

‘vzearch concerns will be emphasiced. Briefings and dis-
cussinrg with ACAP and the appropriate Discipline Group will complete

the firat ntire of this process. These discussions are expected to

occur atout one reath prior to the first visits,and the visits themselves

will be concentrated in the month of May and June.

sienl oat

9. The nent stage consists of consideration of the available material by the
consultants, University visits, meetings with the Discipline Group, and
the projaraticn of a draft report by September 1, 1973,

10, The draft reports will be made availuble to the Engineering Deans and to
the Dioci:Vine Grhuss to provide for initial feedback to the consultants.
There wiii be oral response from the Discipline Groups to the consultants.
Folleew it cenmnitants will dratt their final reports which will,
bee S0 0P e a7 0] renneunes frem the above groups and finally by
considoraticn by G5U. (The above Is intended to make clear that while
feediiol ot consultants from the Discipline CGroups is desired and
expested, the diatft roports are net to be distributed for open discussions

»

withon de o
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Ontario Council on Graduate -Studies

- By=Law No. 3

-—

A 3y-Law to establish a Committee on the Academic Planniﬁg'of Grgduaﬁe Studies.

L

" 1. The Ontario Council. on Graduate Studies, recognizing the importance of providing

_for the continued and otderly development of graduaéz;sthaiés in the Ontario

ot S on s

universities, establishes a Standing Committee to be known as the Advisory
Qommittee on Academic Planning (abbreviation - ACA?).
Interpretation
2. In this By-Law ' _ ' .

(a) © "Committee'" without further specificétion, means the Advisory Committee on
Acaiemi; Planning; o

(b) _"Council"‘or OCGS means the Ontario Council on Graduate Studics;

(¢) "Committee of Presidents' or CPUO means ﬁhe Committee of Presidents of
Universities of Ontario; |

(d) "universiiy" means a provincially assisted university in Ontario;

(e). "discipline" means aay branch or combination of branches of learning so
designatgd; |

(f) "discipline group'" means a body designated as such by the Committee of
Presidents of the Universities of Ontario, and normally consisting, for
any one die~ipline, of one representative from each of the interested
universitiés;

(g) "planning assessment" means a formal review of current and projected
graduate programmes within a discipline or a group of disciplines;

(h) '"programme" signifies all aspects of a particular graduate undertaking;

(1) "rationalization" means the arranging of graduate programmes.in order to

avoid undesirable, duplication, eliminate waste, and enhance and sustain

lfRJ(j quality.
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Membership
3. (a) The Comﬁittee shall consist of at least seven members of the professoriate
-.u in ﬁncario univetsitiés, some of whom shall be memberétof'the Council.
(b) The'members.bf the.Committee'shall serve for such periods of time as the

Council-may dcterm;ne, and they shall be swiected in such manner as may

' provide for teasonable balance both of academic disciplines and of universities{

(c) The members of the Committee shall be appointed as individuals.
Chairman '
4. The Chairman of the Committee shall be named by ﬁhé Council, and he shall have
one vote. ' .
Quorum
5. A majority of all memﬁers of the Committee shall constitute a quorum.
Functions
6. The funct#ons of the éommittee shall be
(a) To advise OCGS on steps to be taken to implement effective provincial
planning of graduate development;

o
(b) To promote the rationalizaticn of graduate studies within the universities,

in cooperation with.the discipline groups;

(c) To recommend, through OCGS, to CPUO the carrying out of planning assessments
of disciplines or groups of disciplines agd to recommend suitable arrange-
ments and procedures for each assessment;

(d) To supervise the conduct of each planning assessment approved-by CPUO;

(e) To respond to requgsts by CPUO to lave a discipline assessment conddctéd
by proposing suitable arrangements;

(f) To submit to CPUO the reports of ghe assessménts together with any

recommendations which the committee wishes to make. A copy of the report

siiall be sent to Council.
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Juris&iction
1. Iﬂ_ordet that the Committee may discharge the functions described in Section 6.'
above, it shall be authorized | ‘
*(a) to request a univetsiﬁy to provide such information pertaining to graduate
,: studies as may enable the Committee to discharge its functions;
(b) to request a discipline group to'providé such informa;;on as may enable the
-Committee to discharge its functions;

(c) to receive reports from the universities and from the discipline groups,
and to comment and communicate with the univétsities and the discipline
groups concerning such reporte;

(d) to convene a meeting of any discipline group for the purpose of discussing .
the development to date, and proposals for the future development of
graduate studies in the discipline concerned;

- {(e) to send one or more representatives to a meeting of a discipline group at
the invitation of the discipline group;

(f) to make such suggestions to a discipline group as may be deemed appropriate
to the functiins of the Committee;

(g) to supervise the conduct of planning assessments, gnd to report thereon to
the Committee ot Presidents of Universities of Ontario;

(h) - generally to report and to make recommendations to the Council; .

(i) to seek and receive advice from appropriate experts;

(j) to employ coésultants in connection with planning assessments.

Procedures

8. The procedure to be followed by the Committee shall be as approved by the
Committee of Presidents of the University of Ontario.

9. The Committee's function is solely advisory.

Ef fective Date

10. This By-Law shall take effect January 1971.

Q
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ACAP-DISCIPLINE GROUPS AND TEEIR ROLES

1. Establishment of a Group

When it is considered desirable to activate planniig of graduate work in somne
discipline(s) or interdisciplinary area, COU, on tle advice of 0CGS, will
authorize the establishment of an ACAP discipline group, if it was not a;rendy
approved and included in the May, 1968 list. ~f it is already authorized, ACAP
may decide to set it up as described in paragraph b.

The Executive Vice-Chairman of ACAP will then invite the executive head of each
university (including Waterlco Lutheran University) either to nominate a

member of the discipline group or to indicate that hi: university has no plans
for graduate study in this discipline in the next five vears or so. If a
university can state no plans for future graduate work in the subject, but feels

‘that a watching brief is desirahle, it may appoint an cbserver to the grou».

Changes of a university's representative are to be notitied by the executive head.

The group shall select its own chairman.

2. Heetings

A discipline group may meet at the call of its chairman or in accord with its
own arrangements. -

A discipline group may be called to meet by the Executive Vi: e-Chairman acting
for ACAP. "

3. Responcihilities

The group is to keep under review the plans for graduate work n its dis:ipline

.in Ontaris, including new dcvclopments and trends In the discipline, and to

make reports to ACAP on a iegular basis.

The group mav make recommendations to ACAP in connection %ith griduate work
fn its discipline when it considers it appropriate.

ACAP will assist the group in ohbtaining information and data, as rutually agreed.
When COU has instructed ACAP to conduct a planning assessment, the disc.pline

group will assist and advise ACAP in detgrmining procedures and terms o-f
reference, will report as requested and will generally facilitate tone assessment.

Approved by NCGS March 22, 1973
and bv COU April 6, 1973.

«“7
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PIERRE .GRENIER .

Born Quebec City, Quebec, August 15, 1922

B.A., Garnier College, 1942 o 28
B.Sc.A., Laval, 1946 ,
M.S., Columbia, 1947
Quebec Department of Mines, Research and Development Engineer, summers
1946-51 :
CARDE, Valcartier (DRB),.Research Associate, summers 1952-60
Laval University, 1947- g
Assistnt Professor, 1947
Associate Professor, 1950
Professor, 1955
Chairman of Department of Chemical Engineering, 1965~ 69
Dean, Faculty of Scienceg 1969~

Fellow, Chemical Institute of Canada, President, 1972-73

SCITEC Member of Council, 1972

‘Member, French-Canadian Association for the Advancement of Science (ACFAS)

Member of NRC Grant Selection Committee in Chemical and Metallurgical
Engineefing, 1968-70 ‘
Committee Chairman, 1969 and 1970

Member, NRC Standing Committee on Grants and Scholarship, 1969~

Member, NRC, 1972~

Material and energy balances; unit operations; transport phenomena.
Address: .Faculty of Science

Laval University
Quebec 10, Quebec
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WILLIAM ROBERT MARSHALL, JR.

Born Calgary, Alberta, May 19, ’3216 B '. .

\ .
B.S., Illinois Institute of Technology. 1938 ~
Ph, D., Wisconsin,qlgdl - .

1

E.I. du Pont de Nemours. and Company, Engineering Department, Engineering

Experime t Station, 1941-47
University of Delaware, Instructor, Extension Division, 1944-45
University of Wisconsin, Associate Professor, 1947-53
University of Wisconsin, Professor, 1953- :
Associate Dean, College of Engineering, 1953-57
Executive Director, Engireering Experiment Station, 1953-71.
- Dean, College of Engineering, 1971-

Member, National Academy of Engineering

Member, American Institutg of Chemical Engineers
Member, American Institute of Chemists

Member, American Sociely for Engineering Education
Member, National:-Academy of Engineering

Member, Society for the History of Technology

American Institute %f Chemical Engineers, -President, :963
Argonne National Laboratory, Chemical Engincering Review Committee, 1958-66
' Policy Advisory Board, Member, 1965-66 '

National Science Foundation _
Advisory Committee for the Engineering Division, 1965-67
Chairman, 1965 and 1966

American Institute of Chemical Engineers
Best Paper Award, 1950
Institute Lecturer, 1952
Walker Award, 1953
Professional Progress Award, 1959
PhilLips Lecturer, 1973
Founders Award, 1973

Address: Office of the Dean » .
258 Mechanical Engineering R
- University of Wisconsin
Madison, Wisconsin 53706
Ues.a, '
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. LEO YARRE

' Born Devil's Lake, North Dakota, July 6, 1916

B.Sc., Manitoba, 1940
- M.Sc., Manitoba, 1941 - o i
Ph.D., McGill, 1943 ' - y
Atomic Energy of Canada Ltd., Project Leader, Nuclear Chemistry and Tracer
’ Research, 1943-52 ' :
McGill Universily, Special Lecturer, 1952-54;
Associate Professor, 1954-58
Macdonald Professor of Chemistry, 1958~
Chairman, Department of Chemistry, 1965-72 ,
International Atomic Energy Agency, Vi.naa, Director of Research and
o Laboratories, 1963-65
Visiting Prnfessor, University of California, Berkeley, 1962

Feliow of the Royal Society of Canada

Fellow of the American Physical Society

Fellow of the Chemical Institute of Canada

Research Collaborator, Brookhaven National Laboratory, 1948-

Associate Edi:or,. Journal of Irorganic and Nuclear Chemistry (London), 1961
Associate Editor, Radiochemical and Radioanalytical Letters (Budapest), 1969-
Member, Chemistry Grants Selection Committee, NRC, 1967-70

Member’, Conseil des Univercités (Québec) 1971~72

Nuclear fission; mechanism of nuclear reactions; isomer studics; absolute
disintegration rate studies. '

Address® Department of Chemistry, '
McGill University,
P.0. Bo® 6070,
Montreal 101, Quebec.

/
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H-1 :
COMMITTE  OF ONTARIO DEANS OF ENGINEERING

RESPONSE TO ENGINEERING PhD ASSESSMENTS

L4

Preamble

Individual reports of PhD Assessments have already been received by
discipline groups and by individual ‘universities. Both bodies will
undoubtedly make detailed commentary on the specific reports which are
of direct concern or interest. In view of this, CODE has decided to
forego comment on such specifics, and has determined to refer only to those
matters of a more general nature which affect the universities collectively.
In choosing to frame its response in unitary fashion, CODE wishes, at the
outset, to emphasize that it views engineering education and practice as a
total activity instead of a discrete set of unrelated disciplines such as
‘Chemical, Civil, Electrical, Materials, Mechanical and Metallurgy, etc.
This theme of relationships between disciplines within a faculty, and
indeed between faculties, will recur later in the report in subsequent
discussions.

Of the ten topics on which CODE sets out its 'responses', three are
considered to be of primary importance - manpower, quality, and critical
size, Lonsequently, they have heen covered in somewhat greater detail
than have other topics of interest, in order to provide identification and
emphasis, rather than a fully developed 'position'.

The primary concern in this response is unquestionably that of quality
over quantity. In assuming this position CODE realizes that the indicators
of quality are undoubtedly staff, students, programmes and facilities. It
is difficult to assess the precise hierarchy of these four basic parameters.
Suffice it to say that, while the first two are paramcuni in terms of .
establishing potential for excellence, the last two are important in
realizing this excellence.

CUDE offers its resources in such further and subsequent amplification
as may be useful to the purposes of the Council of Ontario Universities.

_.‘1;1 apower

CODE is in ugreement with the general observations of the consultants

with respect to the PhD manpower situation. 1t appears clear that the

. supply of Phi) candidates will be limited by the availability of high quality
entrants, Tihe relatively small numbers of Canadian graduates entering
PhD programmes is a cause for concern. 1f Canada is to advance industrially,
it would be expected that there would be an increasing demand for high-
technology support.  An under-supply of PhD graduates in engineering would
not he in the best interest of society. There is clearly no evidence of any
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over=~supply because of the way engineering graduates at all levels are
seen .to diffuse widely through industry, commerce: and government; there
appears no prospect of this becoming a problem in the future.

CODE realizes the importance of maintaining up-to-date knowledge
of positions taken by the PhD graduates of the Ontario Engineering schools
and intends to ensure that such information is updated annually. A copy
of a recent survey is included as part of this response. It will be
noted from this survey that there hag been a shift in the area of
employment of engineering PhD's towards industry.

In the light of the consultants" analyses, and of the appended data,
“there is no need for quotas or ceilings on doctoral students. CODE will

cont inue to report on the number and origins of doctoral students in the

virious engineering schools, on an annual basis.

Qualitv Emphasis

{(a) Admission

Cobii is pleased to note that the consultants have agreed that high
admission standards to engineering doctoral progrdmmgs gener.ally
prevail. ; ¢

CODE, therefore, supports the contention that existing minimum
entrance standards to PhD programmes should be maintained across the
Province. CUDE believes that a post facto analysis of admission
practices, widely publicized, will be adequate to ensure this
objective. . -

In application of these standards, it must also be acknowledged that

ertain defensible exceptions will occur with respect to those with
xnown special abilities or those who have demonstrated superior,
ability in rescarch, design and innovation in their post—baccalaurcntc
experience.

oDk fully supnorts the view of the electrical consultants that it is
"in Canada's interest, especially in international competition, to
Bave strengthoin hlhn~tg(da010"‘ research and development” and. far
tiiis to happen there must be an objective of "high standards of
civellence with emphasis on qualitv”

(b) Programmes and taculty Facilities

C00n recosmends that totally independent oad representative hodies
ontinue to oversee nezotiated development grants and the fermation
wontres of excellence.  These are matters better left outside the

jurisdiction of such a boay as CODE.

(¢) Uadervraduate/CGraduate Programme Relationship
AR

(Ui supports the contention that the continued exdstence of a live,
ap=to-date undergradudate programne requires the backing of a gocd
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research programme and participation in professional practice. by
members of the faculty. The research activity, in the prevailing
tradition, is most easily met through the provision of Master's
and PhD postgraduate programmes.

(d) Quality Indicators

In addition, to the observance of university regulations, and the use - -
of high calibre external exawniners, the observed career performance
of doctoral graduates can be used as a quality indicator .

Critical Size for Doctoral Programmes

In order to be viable, a PhD programme must provide a sufficient '
range of interaction for the student. He must be exposed to enough faculty
members and enough other students to provide adequate breadth of
experience and instruction. The adequacy of this breadth cannot be judged
exclusively by the size of the department in which he 1s registered.

The' ACAP assessments, by being completely vertical, miss the rich
horizontal components which can and do nourish and sustain viable doctoral
programmes in both small and large departments and faculties. @Resources
from other divisions of the university, other engineering departments, -
industry and, indeed, other engineering faculties must be considered in
any realistic analysis of PhD prograrmme viability.

Size is not a sufficient criterion for judging whether a school can
offer a PhD programme; there 1s no a priori reason why a small school
cannot provide as satisfactory an eﬁvironment for the student as can a
large school.

Engineering in the Wider Context

CODE would draw attention to the need to view the totality of the PhD
programmes in engineering not just in isolation, but also in the context
of other related disciplines; e.g. physical, life and social sciences.

To progress technologicall in such a way as to improve the quality of
life not only in Canada but also in other parts of the world, it is
essential that there be work proceeding concurrently in the forefront of
various other disciplines which impact on engineering. It 1s anticipated
that increasingly advanced work in various areas will need to proceed in
a more integrated fashion and it will be essential to have available high .
level manpower in the physical, life and social sciences, economics, and
management, for instance, together with similar capabilities in engineering.

Research Emphasis and Relevance

As a result of the ACAP Engineering Assessments, there 1s now readily
available information about research projects underway in all the Ontario
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‘ Engineering Schools. The system would have profited more had the
consultants commented in detail on this fnformation and offered °
substantiited specific advice on the topics of emphasis and releyance.

CODE feels that PhD-programmes in engineering should be flexible
enough to cover a broad range of topics. -Research activities could and
‘should range from mission-oriented research of an immediate and perceived
social or industrial relevance through to very fundamental or basic
research. The overall thrust of PhD. research programmes should be towards
advancing fundamental engineering knowledge required for the solution of
present and future engineering problems. )

‘ CODE also feels that ‘a plurality of sources of research support is
a relatively effective means of ensuring that a broad spectrum of research
activity is undertaken within the engineering schools. The existence of
a variety of granting bodies, with a spectrum of interests represented,
including a significant academie component, appears to be an erfectiVe
method of control.

Level of Support for Doctoral Students , .

CDDE‘strongly supports the contention that levels of support for doctoral
students must be increased substantially if more Canadian students are to be
attracted to entering doctoral programmes in engineering.

It should be noted that foreign graduate students have been willing to
undertake PhD studies at the levels of support available and have subsequently -
filled positions within Canada. Positions have been available for PhD's -
these have been filled largely by landed immigrants who have either completed.
PhD study:in Canada or who have come to Canada with a PhD.’

The recent increases in both the cost of living and salaries offered
by industry to engineering graduates makes it even more urgent that immediate
action be taken to increase the support for doctoral students. This is
particularly true if post-baccalaureate experience students are to be attracted.
Therefore, it 1s important that more opportunities be available for this
particular type of doctoral student in engineering.

Part-Time/Non-Resident Work

CODE would encourage continued experimentation in this regard. It is
felt that maintenance of some institutional coutact 18 essential, however,
1t is felt further that any part-time or non-resident work should normally
be by individual arrangement. This would not, of.course, preclude special
arrangements between a research institution or industry/government laboratories
and a particular university or universities.

Inter-University Activities and Facilitating Mechanisms

CUDE would support any action designed to increase the effectiveness
of the provincial resources in faculties of engineering. The holding of
discipline meetings, the sharing of equipment, interchange of credits for
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graduate courses, collaboration between groups within various institutions
and so on are to be encouraged. It is emphasized that co-operation often
involves travel and other expenses that are not always readily avallable

{n individual schools and that this matter is worthy of further investigation.

It is noted that inter-university activity is proceeding especially at
the 'grass-roots' level and this can be aided and abetted by CODE., .It is
also noted that' various university industrial research institutes and*
similar agencies have facilitated some inter-university cooperation largely
through use of individual expertise existing at various institutions..

The Role of the PhD in Entrepreneurship

CODE feels that entrepreneurialgctivity by PhD's is something which
canhot be legislated. However, it feels further that the PhD has, by
virtuée of his total background, significantly greater potential for success
in such activity than has the member of the general populace. It suggests
that there are two avenues of encouragement which can lead PhD's in greater
numbers into entrepreneurship. The first depends on the educational
institution itself, which must, by appropriate orientation and emphasis,
develop an interest in or leaning towards innovation, independent practice,
or entrepreneurship. The second depends on progressive government support
programmes of various kinds, directed to reaching a 'climate' competitive
with that found in other industrial economies of comparable size.

Cost-Benefit of the ACAP 8tudies

CODE has noted that no major measures. are proposed that would greatly
enhance the quality of the PhD effort in Ontario. Indeed, CODE records its
pleasure at the broad and independent affirmation of the consultants as
to the strengths and qualities which have developed in Ontario PhD programmes.

The full programme of ACAP studies is as yet incomplete. CODE has yet
to be convinced that the extensive funds and efforts devoted to the studies
would not have been better spent in direct support of existing PhD programmes
in engineering. :

”

ANS/dd
December 27, 1973
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APPENDIX A

N

REPORT oN THE CODE ENGINEERING DOCTORATE EMPLOYMENT SITUATION, OCTOBER 1973

In Novenber 1973, members of the Committee of Deans of Engineering
of the Province of Ontario again supplied data on the status of their
engineering PhD grdduates during the period Novembér 1972 until October
1973, The results are compared in Table 1 with those for 1972.

Again this year, the majority of the graduates were - in Chemical
Civil, Electrical and Mechanical Engineering. The total is up substantially
to l77 from 124 in 1972,

Unemployment is up from one in 1972 to three in 1973 (approximately
1.7% of the total)

, Approximately 17% have left Canada, which is the same as for previous
" years and is probably due to the return of foreign students to their home
countries. E

’

A notable increase in employment in industry has occurred, up to 33%
from 21% in 1972. The number employed in Canadian universities is up to
26% from 21% in 1072, This has been accompanied by a decrease in post-
doctoral fellowships from 237 to 11Z.

The overall conclusion is that there is still no serious unemployment
among recent Ontario PhD graduates in Engi ineering despite predictions to .
che contrary. In fact, a healthy trend toward their increased utilization
in Canadian Industry may have been established.

December 13, 1973.
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APPENDIX B
Comments on CgMC Report
"Supply and Demand for Engineering Doctorates in Canada" (July 1973)

Submitted by the Committee of Ontario Deans of Engineering

Commendation of this report can be made in a general sense on two main
scores. Firstly, the consultants have, on assignment; tackled in a
straightforward manner, what is generally acknowledged to be a most difficult
task indeed; where qualitatively it is not possible to assert all possible
parameters, and quantitatively, it is not possible to obtain reliable data
on all accepted parameters. ' '

Secondly, the consultants have in their report introduced with some
care statements relating to the qualifications and limitations of the many
elements entering into their predictions, and have emphasized that this is
bnly a beginning - ergo, a very preliminary report., )

Within this general context, however, there are a number of criticisms.
to be advanced.

1. Supply

The methodology has been clearly enunciated, and the assumptions

stated. Nonetheless, projections have been made on a three-level
approach (highy medium and low), establishing bounds which may well

be broken as and when certain assumptions become less or more operative,
Some indicators are already present as to the dangers of some of the
assumptions, :

S 1.1 Admission requiremehts arc not static, and are increasingly adaptable

to the changes in the high school. Three other important aspects must

be added. There is firstly, foundation for expecting a major growth

in the number cf women entering engineering. Secondly, the "market-
place" reaction with a rapid response in the lst year enrolment to a
proclaimed shortage in engineers will continue to be operative,

Thirdly, there is further indication that advanced admissions (through
the stop-outs returning, through technology graduates admissions, etc.)
are increasingly impoitant in enrolment projections. None of these

has been clearly taken into account in this report. A further aspect
could well be added, which is also ignored in the report, but is less
easy to define though it will contribute to the instability in prediction
of Ist year enrolment. This relates to measuring the full impact of
major educational changes on the Canadian scene. The effect of the
CEGLP's in Quebec in particular, as well as of the CAAT's in Untario,

is vet to be clearly percecived, let alone settled into a measurable

or stable influence.
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The two data bases selected for examination were the number of
master's degrees and the nudmber of baccalaureates. The discarding
of the master's degrees/doctorate degrees ratio as credible seems
to ignore the very recent development of many doctorate programmes
as contributing to a rapid change in this ratio. The total postgraduate
effort in engineering in Canada is of such an emerging character that
rates of change must be evaluated much more carefully. This is
equally ‘true for the baccalaureate/doctoral ratio selected as a data

-base. The evidence for stabilization in’ this is slight, and even the

selection of three ratio levels is likely subject to major error
through neglect of variable factors in an easily perturbed system.

The changing pattern in the number of Canadian baccalaureates who

earn doctorates outside the country is one further feature of a system
which as yet has little maturity or stability in it. This aspect of
lmmlgratlon was noted in the resport as one for which no data wuas
availatle - which ignores one fully-documented part of the system, the
Athlone Fellows.

The utilization of the baccalaureate/doctoral ratio as a dgta base for
predicting future supply has another feature which is inadequately
considered and analysed. This relates to the forces which are
operative on graduates of Car 'dian engineering schools vis-a-vis

their proceeding to doctoral work. Graduates of the engineering

. schools of Canadian universities have never come forward in substantial
‘aumbers to uadertake advanced study and research. The tradition of

such a choice, and indeed the number of opportunities for such advanced
wor!, are relatively new on the Canadian scene. - The expansion of the
graduate schools over the past decade has been effected therefore by

the attracting of students with overseas degrees, parfticularly from

Asia. Many of these students from overseas have been or have become
ianded immigrants, have staved in Canada and have taken jobs as Phbh's.
I'hese jobs have been available, they have not been taken up by

Canadians who seem to-have preferred to enter the work-force earlier,
immediately after obtain'ag the bachelor degree. There are probably

many factors which have conditioned the particular choices of Canadian
engineering graduates at the bachelor level, but primarily it is

prabably a combination of (a) the fact that they have been so readily
absorbed into the economyv at that level, and (b) the fact that the .

level of financial support available for graduate study has becen too

low to make them feel that the sacrifice is worth it. For the near
future, unless the proportion of Canadian bachelor degree graduates
choosing to undertake Phy studies changes drastically, the numbers of
qualified applicants coming forward will certainly decline. At the

sime time as the graduate schools in engineering become increasingly

well established and recognized, aund as high technology factors including
its encouragsement through government policies increasingly become operative,
the opposite effect could well occur. The imprecision therefore in
assuming a stabilized bachelor/doctoral ratio is greater than assumed in
tnet CEMC study,
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In the consideration of the report, moreover, one should not perhaps
overlook the possible impact of events occurring in other jurisdictions.
The report suggests that the annual number of bachelor degree.graduates
will fall from about 4,500 to 3,000 over the next three years, with
most of this decrease due to a falling—off in freshmen enrolments in
provinces other than Ontario. This could suggest in itself a likelihood °
of fewer qualified Canadian graduates available for PhD studies at our °
universi&igiéhe%pis must be viewed in conjunction with the situation’

in the U.S. e undergraduate enrolments in engineering have fallen
very sharply over the last few years and this will lead to a very
substantial decrease in the number of bachelor engineering degree
graduates over the next few years. The combined Canada/U.S. ‘
graduating class was about 47,000 in 1971, It will be only about

35,000 in 1975. One might wonder whether, because of excellent
opportunities at the bachelor level, a smaller proportion might proceed
to PhD work or conversely whether the lack of anxiety about employment
prospects at the bachelor level will give more students the confidence
to continue with their studies.

- A further major criticism of this part of the report rests not’'on the

methodology, elements of which have been discussed above, but on the
basic data used in the calculation steps. Without examination of each
and every set of data used, it can nonetheless be indicated that the
rather complex combinations of undergraduate enrolment and graduation’
data from Statistics Canada, from EIC enumerations, from the "Ring

of Iron" for Ontario leave some inconsistencies. The number of bachelor's
graduations and of doctorates were obtained only to 1970-71, while the
number of master's degrees were recorded for 1971-72. 1In view of the
rapid build-up in Canada of doctorate degrees (from 78 in 1965-66 to
216 in 1970-71) it would have seemed to be quite important to establish
the 1971-72 figures before final projections were carried out. In

view of the prominent place taken by the Ontario system contribution

it is indeed surprising that more current data at hand in COU (ACAP)
was not utilized. Nonetheless, it is fair to point out that the actual
doctorates in Ontario for 1972 and 1973 respectively were 124 and 177,
and that the former figure compares to the low level projection for
197i-72 of 126, and the latter to the high level projection of 172 for
1972-73. At least the projection band width used just encompasses the
first stages of comparative actual data.

o

hemand

The report includes a comprehensive survey of manpower demand methods,

and a careful statement of the method followed for each of the sectors
explored, as well as its limitations. This demand aspect of the report

is the one which has received the most criticism from the ACAP consultants
in the five engineering fields assessed. Our criticisms encompass the
major Clements of those comments in summary form as well as those voiced
bv the engineering schools in untario.
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2.1 Educational Sector

The consultants' ugse of a model for the estimation of future demand
in the educational*sector is deceptively attractive. Essentially,
their model was based on a staff-student ratio as a base, adjusted for
retirement, mortality and migration. They concluded that to 1977-78
(at least) the demand for engineering doctorates would be essentially
zero, and then admitted "this will not prove to be an accurate
scenario’”, They then rest their case that in both universities and
other educational institutions, the demand will be "minimal". 1In the
dictionary sense of the least attainable or extremely minute .in size,
it is difficult to read into this other than essentially no demand.
Fven though rather elegantly derived, we find it hard to accept such
a conclusion, particularly when the Ontario system itself projects
now a demand for about 20 for 1974. Some of the parameters which
would be omitted by the model used include increased demand through
major block research grants, -through mission-oriented research, and
through the development of new programmes and areas. The report does
deal at length with the question of '"substitutability between inputs",
but does not weigh it to the level where it would not be balanced by
other factors. This question of substitution will also be referred
.'to below in consideripg the total demand-supply picture.

s,
4 2y

2.2 Government and Industry Sectors

In thiese sectors the consultants chose to establish stock data and
forecast demand for 1974, 1975 and 1978 by direct survey. From the
many criticisms and indeed specific refutations that can be made, it
is ¢lear that this survey has been far' too narrowly cast. In the
government area this is certainly true regarding the narrowness of
definition used. In the industrv area it includes not only that
limiting factor, but became subject to both incomplete data through
using wrong sources, and through important omissions. To some degree
the. consultants were well aware of these deficiencies, but were
obviously more conscious of them for the forecast demand data than
for the stock data - where equally gross errors and omissions seem to
itive occurred. One example of such 'an error is in the stock of 52

in 1973 attributed to AECL, compared to the 90 actual in 1973 as
provided by the Metallurgical engineering consultants in their report
to ACAP. Other reports to ACAP specify other examples.

it is hard to escape ‘the conclusion that the inadequacies of the demand
survey are far greater than the consultants envisioned, and their

crrors of onission are much greater than they estimated.,

3. ‘-L‘lh‘["'l.l

3.1 tduecationidl Planning and Manpower

wWhat appears to be a basic premise of the report as contained 'in
paragraph 1 on page (1) deserves comment, viz.,




) H-12

"Now, a generally accepted view is that the ekpected
labour market for graduates of a particular speciality
should influence policy and planning in post-secondary

education in that area.'

This view may not be as generally accepted as one might be led to
believe. The particular philosophy outlined can, taken-to extremes,
result in a shortsighted and constrained view of a university. It
could well be argued that too marked a distinetion has been drawn
between what is educational and what is vocational. Recently this
has been convincingly stated to be one of the major misconceptions
in higher education planning*. The danger in assuming that.all but
preparation of people for specific jobs is wrong or wasteful is not

just in the short-sighted effort

to establish a one-to-one

relationship between education and jobs. Rather it omits the important
fact that wocatiorally oriented education is not wasted if it is not
used in the specific vocation toward which it was directed. As Bowen*
states, "It is no mark of failure, rather a mark of success, that
education - even strictly vocational education - has wide applicability
and produces flexible and versatile people'. The PhD graduate even

if he takes a vocational route initially may well very soon find
himself in positions where his PhD can be regarded only as part of
"his general education or as a contributing factor to his intellectual
development or problem-solving ability. It is not difficult to give
examples of this "diffusion' of PhD's through a "wvocational' period

to positions of quite different responsibilities in industry,

governments and the universities.

The consultants gave careful

attention at one stage in their report to this "diffusion'" or
dispersion, referring properly to the recent University of Toronto
study. However, they did not then "factor'" it in to either their
supply or their demand projections. 1In our view, significant allowance
should be made for it. On the supply side, both into the baccalaureate
stream as well as into the doctoral stream in engineering the
vocatiovnal/educational issue is not clear-cut nor should it be. On

the demand side, there must be allowance made both for the substitut-

abllity through flexibility even
increasing mobility and transfer

at initial employment levels, and for
into wider areas such as management

as experience accrues. The difficulty of quantifying this is well
appreciated. The need for including it in some definitive way demands

equal appreciation.

The report in its final results and conclusions comes down strungly on
the prediction of an oversupply of engineering PhbD's in the decade

3.2 The Supply and Demand Balance
ahead. They acknowledge a range
their supply band projection and
the possible effect of their own
and can only hope that it can be

*

H. R. Bowen, '"'The manpower vs. the
Affairs, Jan. 1974,

of factors which will influenc. both
their demand band projection, including
report. We acknowledge this danger
minimized by vigorous emphasis both

free-choice principle', University

- v n——— ———— -



. on‘the limitations of the report's projections but also on the
. countering evidence as it -accumulates. We have indicated some

~more importautly in the long run is the real failure of any demand

"the adaptability of doctoral graduates in general combined with the

acceptaace of a current balance, which does ~xist (with some evidence
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vf the aspects of both the supply and the demand projections which
van invalidate the narrowness of the band widths selected. Perhaps

projection to bz able to take into account any but the very short-
term skill requirements of the economy. The evidence is quite clear
that our so.lety has an enormous amount of work to. be done with a
lack of sufficient skilled manpower to do it. We would claim that
adiptability of our economy results in a surprisingly good balance. °* '
I'he ontario experience, well documented now for four years, indicates
¢ssentially no unemployment of engineering doctorates, no unusual

iiwld=up or storage in a post-doctoral form, and changing flows into

government and industry as demand from the universities slacken. The

indeed of unfilled needs in some areas), could well be the starting
point for the report's projections. The graphical summary given on
page 18 would then present an entirely different picture.

e should rise above our national tendency to be cautious and
pussimistic, recognize that even a PhD may be viewed as vocational or
educarional (hopefully both) according to the graduates perception of
the garket-place, alternative opportunities, his own desires and so om,
and not deliberately cut back on PhD enrolments in engineering,
wsoecially on demand data of such doubtful validity as that contained
in the CIMC preliminary report. We have so little to gain and so much
to lose by taking such an approach. We need to display more optimism
and confidence in ourselves and in the ability of highly educated
manpower to .seek out and' create opportunities and to raise the level -
of some existing positions both in government and industry. It is to
be hoped that our students also will display such optimism and take a
broader view of the value of their education, and that this view is
suared by our federal and prov1ncia1 governments. We will need this
spirit if we are.to move into an era in Canadian industry where
increasing sophistication and high technology become more and more
NeCessary.,
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NOTES

.Re: 1.1

Entrance to engineering was assumed constant on a demographic base,
i.e. 0.5% of male population age 15 to 19; and assumed unchanged
entrance requirements,

Re: 1.2 and 1.3

The greatest danger in assuming the validity of a stable B/D ratio
for projection purposes resides .in the fact that the doctorate figure
for the last decade includes a very large but unknown number who
did not come through the Canadian bacca'aureate stream. The size

" of that group of doctorates was related largely to immigration |,
policies (now changed and changing), tc research grants policies
(which have also changed), and possibly to more selective admission
policies. Perhaps a meaningful B/D ratio could usefully be
established when, the D number arises almost entirely from the B
stream. Such data have not been collected.




