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This report deals with a planning study of doctoral work in
engineering, which was conducted in several portions corresponding to
the various disciplines within engineering. The report is in six volumes.
Volume A deals with chemical engineering, B with electrical engineering,
C with metallurgical and materials engineering, D with mechanical
engineering, 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: Part I
dealing with the recommendations approved in June 1974 and dealing with
most of the fields, Parts II and IiI to appear later dealing with
mechanical and industrial engineering, and with civil engineering
respectively. This volume, printed in the summer of 1Q74, contains only
Part I.
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FOREWoRD

As a consequence of a study of engineering education in Ontario (described
in more detail in the subsequent ACAP report) 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, 1471.
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 process 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 be offered in Ontario, desirable and/or likely enrolments,
the division of responsibility for programmes among universities, and the
desirable extent of collaboration with related disciplines.

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

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

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



Council of Ontario Universities
Conseil des Vniversites de l'Ontario

Report and Recommendations
concerning Doctoral Studies
in Engineering - Part I

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 ACAP report and are not repeated
here. The resultant report from ACAP 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 ACAP 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 ACAY should form the basis for planning by
the universities of their development of graduate studies, particularly
AID programmes. On the basis of these assessments, COU should make its
own recommendations on currently embargoed programmes. Each university
must retain the freedom and responsibility to plan and implement its
own academic development. However, the universities in embarking on
a cooperative planning process have signalled their intentions of
cooperating with the COU recommendations.

2. Universities generally plan their emphases in graduate study on the
bases of related departments, not of single departments. Initially
the sequential nature of the discipline planning assessments makes
this difficult. However, by the summer of 1974 there will have been
assessments of most of the social sciences, all of the physical sciences,
engineering doctoral work, and a number of professional areas. On the
information and recommendations then available, each university should be
able to make decisions concerning its support of graduate programmes
in these areas. Amendments to university responses to the individual
discipline planning assessments may then be made in the wider context of
a group of related disciplines and amendments to COU's original Reports
on an individual discipline may be required.
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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 discontinuation 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 1*, 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.
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6. The quality of graduate programmes is partly dependent on size, and
for each programme, depending on how it is designed 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 of assessments are to be based on the
standards but not necessarily the scope of the acceptable programmes
in the province.

General observations concerning engineeringLdoctoral work

1. Ontario is unlikely to over-produce engineering phD'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

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

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

4. Facu' 1 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 - industry cooperation is

considerable and should be exploited.

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

7. Some universities are organizing (or reorganizing) doctoral study on a
division of specialization other than that provided by the "traditional"
engineering departments. In two of the smaller faculties this is a central
factor in the planning, but increasing cross-departmental 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. COU requests that CODE report annually to COU on enrolment and employment

opportunities.

3. COU requests that ACAP arrange for each engineering discipline group:
(1) to monitor annually the admissions experience of each programme (post

facto) and report on the quality of the admitted students (to ACAP for
transmission to COU);

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

4. 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.

5. COU requests OCGS to examine existing university guidelines on part-time
doctoral work and its supervision.

6. COU request that ACAP arrange for an annual report to OCGS from each university
on the time taken for each graduating student to complete his doctoral studies.

7. COU requests ACAP to examine the available documentation on civil engineering,
to reach its own judgements on the basis for a report, after soliciting assist-

ance from the discipline group and the universities, and to prepare its report

to COU containing recommendations for the future of civil engineering doctoral

work. This should be submitted by December 31, 1974.

8. COU requests that ACAi' arrange for the metallurgical and materials engineering

discipline group to present a report to ACM on university actions taken to
correct identified weakness in certain fields of study.

Recommendations

It is recommended that:

1. 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.

2. The universities attempt to 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.
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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 aecommendations

Engineering was split into five separate assessments, one for ea:it 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 is 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.Aneating 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 hydrology doctoral programme
at the University of Guelph continue and that the university begin doctoral
work in agricultural engineering at a time in accordance with the university's
plans, subject to normal appraisal. procedures.

Chemical Engineering

This section deals with doctoral work in chemical engineering at McMaster, Ottawa,
Queen's, Toronto and Waterloo.
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It is recommended that:

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

environment for students.

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

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

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

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

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

to. this Recommendation.

14. The University of Waterloo continue its doctoral programme in chemical
engineering according to its plans.

Civil Engineering

The consultants' report is unfortunately inadequate for planning purposes.

It is recommended that:

15. The embargo on the funding of any new programmes in civil engineering
continue until COU has accepted a report from ACA!' 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 recommend-

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

1974.

Electrical Engineering

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

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

17. Carleton University continue its doctoral work in electrical engineering
according to its plans.

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

19. The Univertity of Ottawa plan the reorganization of its doctoral programme
in electrical engineering and put forward the programme for appraisal. If

a favourable appraisal has not been obtained by the end of the fall term 1976,
admission of new sttdents should cease. In the meantime, enrolment of new
students should be restricted to the digital communicati..ns systems and large-
scale systems fields.

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 plans.

Metallurgical and Materials Engineering

This section deals with doctoral work in metallurgical and materials engineering
at cMaster, 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 ACAP 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

25. 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. If Queen's does not wish
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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 faiourable 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 university 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

It is recommended that:

'I..: 29. In view of the acceptance of these recommendations 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.
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Re; Recommendation 19

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

General Recommendations

CI

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
tae value of a PhD in many phases of government and industry, not only in

rJsearch 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.

C3

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.

C4

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.

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.

C6

It is recommended that all doctoral thesis examining committees should
have an examiner external to the university.
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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 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 is not obtained by
October, 1976, admission of new students should then be suspended.

C11

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.
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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.

C14

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

C15

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

C16

It is recommended that Queen's University reevaluate its doctoral
programme in chemical engineering in the light of comments made by the
consultants concerning research activity of the faculty, the grouping
of research areas, the awareness of new trends in the discipline, and
the mobility of its bachelor's graduates, and submit the programme for
appraisal at the time that the University considers appropriate. If a

favourable appraisal has not been received by October 1976, enrolment of
new students should be suspended at that date.

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 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



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.

C21

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.

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.

C25

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



-5-

C26

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

Mechanical Engineering

C27

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.

C 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

C31

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 Group report
to ACAP on any action taken in consequence of these recommendations.
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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.

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
is 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. 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.

C 34

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.

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.

Mining Engineering

C 36

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

C37

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

C 38

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



II. 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 review 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 on statements of views submitted by
each university concerned and by each aculty of Engineering. Briefs

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

and the Association of Professional Engineers of Ontario. On

October 5, 1971, the Council of Ontario Universities (COU) considered
Ring of Iron and the briefs and prepared a statement of recommendations
to the universities and to CUA.

COU accepted a number of the Lapp recommendations without change, others
with amendments and rejected some. Broadly speaking, the recommendations
to do with undergraduate matters were accepted or modified slightly.
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 estimated graduate enrolment of
2,000 full-time equivalent students for 1970-71 be reduced
by 17%, 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 including 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) is 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 engineering 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)
is thiA 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:

"1. To provide a rational basis for doctoral work in engineering

and for confirming or modifying the limitation on enrolment

suggested by Lapp.

2. To conduct a really effective assessment of the quality of

our current doctoral programmes."

CODE went on to emphasize the need of adequate resources to obtain the

best consultants.

In order to begin the planning assessments, the ACAP/CODE liasion

committee called a meeting of members of the five Discipline 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 aspects of the approved procedures.

This resulted in a delay in mounting the assessment. CODE suggested

a Coordinating Task Force, consisting of two members of CODE, the

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 so 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 consider the metallurgical work within the

Department of Mechanical Engineering at Waterloo

b) no advice from external consultants would be sought on the doctoral

programme in mining engineering at Queen's

c) 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 consultation for them with someone in a.

department of agricultural engineering



e) the mechanical engineering consultants be asked to consider the
doctoral work at the University of Toronto Institute of Aerospace
Studies and in aeronautical engineering at Carleton, with the
request that they consult also with another of the ACAP consultants
(on the Electrical Engineering team) who had expertise in some of
the UTIAS work outside mechanical engineering and also with an
aerospace 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 Engineering 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, October 13 and December 18,
1972. The consultants who finally acted were:

Chemical Engineering: Dean P. Grenier of University Laval,
Dean W. It. Marshall of the University of Wisconsin,
Professor L. Yaffe of McGill University

Civil Engineerinv Professor W.W . Eckenfelder of Vanderbilt University
Mr. B. V. Martin of Alan M. Voorhees and
Associates Ltd., Professor G. C. Meyerhof of
Nova Scotia Technical College, Dr. J. L. Boulet
of Hydro-Quebec.

Electrical En,;ineering: 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



Mechanical Engineering:
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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 : cnsultants 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 September, which was
the subject of oral discussion with the Discipline Group at a meeting within
a few days of the receipt of the draft. Each consultant team then sub-
mitted its report. These reports were sent for comments to the universities,
to the Discipline Lcoups and to CODE, each of which sent comments to ACAP
at various dates in November, December and January.

A subcommittee of ACAP began consideration of the report to COU, before all
the comments were in hand and continued its work through March, 1974, reporting
regularly to ACAP and receiving instructions. Early in its meetings the
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. ACAP also 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 is 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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III. 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 in only one report, are applicable to all doctoral
programmes.

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 given to all
the consultant teams prior to their wri* 'mg 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
demand but perhaps rather the 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, 28.6% 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 is another new regulation that
a teaching assistantship is no longer classified as a job, thus making
it harder to obtain landed immigrant status. Consequently, ACAP
feels that the percentage of landed immigrants in graduate work
will drop while the number of students visas will increase. Financial

support for people on student visas is scarce. There are very few
scholarships or bursaries open to them but in engineering they may be



-14-

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 11-9 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 are 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 riot 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 doctoral enrolment in any programme, at any one time,
even though the number of landed immigrants may decrease.

Recommendation C4

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 support the view held by the electrical engineering
consultants, namely that admitted doctoral candidates should have first
class standing and proven research ability. Many students who graduate
with high second class honours have become excellent research 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 monitor annually the
ndmissions 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 U-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

feet this to he 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
undergraduate 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 position
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.

Thesis 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, but tnen 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. 65% of these students were Canadians and
another 32.5% 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 programmes,
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 is 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.

Cooperation

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 government. 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 Deem

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
OCGS) 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 aad 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 engineering 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 Biochemical 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 ari 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 engineering consultants have recommended dis-
continuance of the doctoral programme. They feel the students are
getting too narrow 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 problem would, therefore, seem to be
the extent to which the doctoral training in this area is of an inter-
disciplinary nature. From the data available to ACAP, we are unsure.

In the course of dizeussions 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 believe 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 C10

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
is 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 different
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 Science 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

seen 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 Windsor vary, but a number of their

reports imply some doubt or uncertainty concerning the relevant departmental

programme, either with respect to the 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 AC' feels the University of Windsor should
be given time to produce a viable interdisciplinary system of doctoral
engineering studies before that system is 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 I

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 Cli

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 ma3ter'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 du 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 University's plans,
subject to normal appraisal procedures.

* It may !It, 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 recommendations 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 more
stimulating environment for students.

Recommendation C14

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 C15

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

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 'een 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 C16

It is recommended that Queen's University reevaluate its doctoral
programme in chemical engineering in the light of comments made by
the consultants concerning research activity of the faculty, the
grouping of research areas, the awareness of new trends in the
discipline, and the mobility of its bachelor's graduates, and submit
the programme for appraisal at the time that the University
considers appropriate. If a favourable appraisal has no been
received by October 1976, enrolment 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 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.

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 Lice 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 Crie 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 plans.
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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 report 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 11,t 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 25%.

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 thic, 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 Cl.

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 !Lake 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

Universities
Geo-
technical Structures

Water
Resources Transportation

Order of
Magnitude
of Enrolment

Carleton S R I 6

McMaster S I 10

Ottawa S R I 17

Queen's S R 8

Toronto S R I I 25

Waterloo S S I I 30

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 0 7iculties 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 0,
Ottawa 3, Queen's 2, Toronto 4, Waterloo 4. Looking then at transportation
one finds doctoral programmes at Carleton, Toronto, and Waterloo which mi',1t
increase by 2 or 3 at each place. One has to ask if this is the beat 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 more 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 ntential 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 qualiipy 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 feel 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
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in their conclusions and recommendations." The group thinks that a
statement that "document's 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.
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NOVA SCOTIA TECHNICAL COLLEGE
P. O. BOX 1000

HALIFAX. N. S.

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:

APPENDIX 1

Further to our recent telephone conversations, I 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 :ograms 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.

lb
c.c. J.L. Boulet

W.W. Eckenfelder
B.V. Martin

Yours sincerely,

\..0 4.)611 .

A

G. G. Nfeyerhof, Head
Dept. of Civil Engineering
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NOVA SCOTIA TECHNICAL COLLEGE
P. 0. BOX 1000
HALIFAX. N. I.

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 engineering doctoral pro-
grams were found to fall below minimum acceptable standards.

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

lb

c.c. J.L. Boulet
W.w. Eckenfelder
B.V. Martin

Yours sincerely,

G. G. Meyerhof, Head
Dept. of Civil Engineering
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ADVISORY COMMITTEE ON ACADEMIC PLANNING
Ontario Council on Graduate Studies

Professor M. A. Preston

EA-ct/i(' Vice-Chairman

November 29, 1973

Mr. B. V. Martin
Prof. G. G. Meyerhof
Prof. W. W. Eckenfelder, Jr.
Dr. J. L. Boulet

Gentlemen:

COUNCIL OF ONTARIO 11N1%'1=.RSITIFS
102 Moor Street West. Toronto IKI. Ontario
( 416 t 92116X0

Postal Code: MSS 1M8

I am enclosing 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? Is it expected to cut back on hydrology?
To consider this, it would be necessary to know how valuable Guelph'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 expected to give?
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One 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." In 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 deartments 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 c'isciplines. One report of which there
seems 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,

// ;;./ 7 I /. i!,..1: ,j: : # . A,d , 1
,4!:

M. A. Preston

MAP/cew
EncloFures.
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VII. ELECTRICAL ENGINEERING

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

in the electrical engineering consultants' report. There will be no

references to Western Ontario 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 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.

Other Discipline Groups might also cons-Aar 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 solid state device
electronics, circuits and circuit theory, microwave electronics and electron
beam systems and processes and the Systems Engineering programme which
concentrates on Information systems such as communications and signal
processing, decision and control, digital systems design and software

'engineering. The coverage 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.

Recommendation 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.
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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 recomme-V 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 consultants state that the work
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 C25

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 America.

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, bioengineering 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 ENGINEERING

There are a number of general recommendations and comments made in the

mechanical engineering consultants' report that are aimed at the system

as a whole. Recommendations for the individual universities follow this

more general section.

The mechanical engineering consultants do not anticipate any oversupply of

mechanical engineers. They believe no "artificial edict" is necessary to

control the number of PhDs. 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 knowledge

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-14.

The consultants do not condone departments that attempt to be good in all

fields. They feel specialization is the key and that "considerable selectivity

is 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 Croup, 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 mechar0:.al engineering consultants addressed was the one

of faculty age. Since the 'ntario 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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Recommendation:;

Recommendation C27

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 sggested 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 C18

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

The consultants, in their remarks concerning the University of Ottawa,
page A-17, recommend that the work in the Mechanical Engineering 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 projects of the department and
about the limited industrial experience of its staff members.

Recommendation 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.
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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 throudh ACAP, during the Fall of 1975, of
any decisions taken.

ACAP notes 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 desirable.

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 report will deal with the recommendations found
in the metallurgical engineering consultants' report. There will be no
references to Western Ontario or Wiudsor 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 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 Group report
to ACAP on any action taken in consequence of these reommendations.

The consultants find it surprising that there is 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. In 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 materiali 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
science one, provides very suitable research for the doctoral thesis. The
range of the programme is, however, inadequate but cooperation with other
McMaster Departments and with the University of Toronto will greatly enhance
the operation of this programme.
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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. 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.

The consultants consider the programme in physical metallurgy at Queen's
a good, traditional type of programme taught by young and talented faculty.

Although it would make a suitable base on which to build a programme in
materials engineering, the consultants do not recommend Lhat 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 prograrmes.
But the consultants feel it is necessary to strengthen and develop this yield,
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 cuusist 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 is suggested that Toronto give careful consideration
to the consultlnts' rucommendations concerning broadening the
programmes and it 1. recommended that the University report to
COU through ACAP t, September, 1975 on any progress made in this
direction.

Toronto has an international reputation for its 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 develop 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 if 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.
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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.

On the basis of the statement of future plans made by the University, 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 Cll.

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

ACAP notes that the universities do not consider the establishment of
a coordinating committee to be very important. We hope that talks are
normally taking place between the three departments and that they will
continue. ACAP feels there is no need to set up a formal Discipline Group
to ensure discussions but if those concerned wish to 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 selects the programme best suited to his objectives.
This problem has been addressed by Recommendation C7.

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

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
Appraisals 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.

Recommendation 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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PRrAltELE

Chemical engineering, although one of the younger of the founding engi-
neering disciplines, has exerted a major beneficial impact on the material

tell -being of mankind. In contrast to the other engineering disciplines
such as civilmechanical, electrical, etc., chemical engineering is based

more broadly on the science of chemistry and equally broadly on the sciences

of physics and mathematics. As a consequence, a chemical engineer has a
unique element of flexibility or competency because of his knowledge of
chemistry and how to apply it on a large scale to effect and control the
chemical 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-

tined contributions of chemical 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, that

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 help solve many problems of society, some 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 level are
essential to Canada's future industrial and societal needs seems obvious;
it nay 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-

ledge and theory into curricula and courses. Professional engineering

schools whose programmes have broad scientific bases must have PhD level

graduate-research components with quality faculty, funds, and facilities.



A-2

1. INTRODUCTION

1.1 Origin of Study.and List of Departments

This report arises from the general review of PhD programmes in nntario
universities being undertaken by the Advisory Committee on Academic
Planning (ACAP) of the Council of Ontario Universities. The renort deals
with the programmes leading to the PhD in the Chemical Engineering
Departments at:-

McMaster University
University of Ottawa
Queen's University
University of Toronto
University of Waterloo
University of Western Ontario
University of Windsor

This report looks at the scope, nature end quality of the PhD programme,
the type of student it attracts and the employment prospects on graduation.
Recommendations are made regarding the future of these programmes in view
of the concurrent discussions regarding the place and need for such pro-
grammes in Ontario higher education.

The consultants first assembled in Toronto at the end of Mav, 1973, for
nrelininary briefing, initial studies and conversations with the discipline
group, composed of the seven department chairmen. On-site visits to the
various universities took place in July, August and early September. The
draft report vas assembled and completed before 4ovember 1st and submitted
to Professor M.A. Preston, Executive Vice-Chairman of ACAP, for transrission
to members of the discipline group for oral response which took place at a
joint meeting with the consultants on November 9. The final report was
submitted on the same day.

1.2 Consultants.
The team of consultants consisted of:

Pierre Crenier, Doyen de la Facultg des Sciences, Laval University,
nuebec City, Quebec.

Robert Marshall, Dean of the College of Engineering, University of
Wisconsin-Madison, Wisconsin.

Leo Yaffe, :tacdonald Professor of Chemistry, ',Willi University,
Montreal, nuebec.

Detailed curricula vitae can be found in the Appendix.

1.3 "odus.2pirandi for Visits....M
The folloinp nenartments of Chemical Engineering were visited by all of
the consultants for the Period of time listed:



McMaster University 111 days

University of Ottawa 11/4 "

Queen's University 11/4 "

University of Toronto 2 "

University of Waterloo I.) "

Universi:y of Western Ontario 2 "

University of Windsor 1 "

While the order of events varied from university to university, yet a

typical visit included the following:

(1) Discussion with the chairman on departmental policies regarding

graduate work.

(2) Discussion with departmental officers concerned with graduate

student admission policies and procedures.

(3) Discussion with staff members regarding their individual research

interests as they concern graduate students.

(4) Visit to research laboratories and inspection of facilities.

(5) Visit to computer, workshops 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-President i/c Resnarch or Provost, etc.).

Each 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

November, 1972.

(c) Numbers of faculty, master's students, PhD students, and

post-doctoral fellows (1968-69 to 1972-73).

(d) Degrees held by faculty and country obtained.

(e) Distribution of faculty by age.

(f) NRC, DRB, MRC and other operating grants.

(^) Number of PhD theses supervised by individual faculty.

(h) Detailed description of research interests of fortuity.



(I) Numbers of undergraduate degrees awarded from 1967-68 to 1971-72.

(j) Country where first degree was obtained for master's and rhn
students (1968-69 to 1972-73).

Curricula vitae of some PhD students.

(1) Sources of financial support for graduate 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) itajor departmental equipment (coating more than $5,000).

(n) Many reprints of research publications.

(n) on request, details of graduate 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.

1.4 Acknowledgments

The consultants gratefully acknowledge the invaluable assistance rendered
by Miss Susan Cale and Professor M.A. Preston. The former supplied the
invaluable documentation listed above. Professor Preston briefed the
consultants and was always readily available for consultation. In addition
the consultants appreciated the help given by the rest of the CCU staff.

The consultants also acknowledge with gratitude the cordial reception
given to them in all of the departments visited. A great exnenditure of
time and energy on their part was obviously necessary, prior to and during
the visit. This made the visits very profitable and for this the consult-
ants are grateful.



2. SUMMARY OF GENERAL EVALUATIONS

2.1 Scoj of Chemical. rnginee.ring

Chemical engineering has generally been described as the application of
the physical sciences to produce, economically for the benefit of mankind,
materials and products from processes involving chemical or physico-
chemical change. However, the scope of chemical engineering has broadened
during the past decade as a result of the rapidly growing 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
limited range of presently-known technically feasible alternatives result
in the decision-making processes becoming exceedingly complex. Because
in meeting social demands present technology nay not be sufficiently
advanced, the need for research to develop new technical alternatives is
clearly apparent.

Only by understanding as completely as possible the scope of chemical
engineerin", both now and in the future, can a process or a programme
for the education of chemical engineers be wisely 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 Phn Programme in Chemical Engineering

Inasmuch as the objectives of the programme are concerned, the key concept
is certainly a form of "advanced training in problem-solving" in a con-
stantly widening field which was traditionally limited to the chemical
and process industries but now encompasses important aspects of the environ-
ment, of energy conservation, of resource management and development, etc.
This concept is universally accepted, as a valid objective either implicitly
or explicitly in all the Ontario departments.

The method by which this is carried on is really a voliern form of apprentice-
ship in which the interaction between the student and his supervisor is the
elerent of paramount importance. This has to be complemented however by
acnuisition of deeper knowledge in some specialty through formal teaching
and by interaction with an intellectually stimulating group of fellow
students and faculty members.

some of the essential components of a frame of reference for a PhD
nrcv'ramme evaluation should then be:

PhD research should have a chemical engineering character and
objective.

The research should have not only immediate but also long-range
relevance to the extent the latter can be predicted.
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(c) All modern tools for significant research should.be available.
They include modern computers, libraries, shops, and other
related services.

(d) Viable relationships should exist among the research nroernmmee
and their eoals, the faculty, the students and employers or
customers for the Phi) chemical engineer.

2.1 Chemical rneineerinp vs Chemical rneineerine Science

hi contrast to the situation in the various disciplines of pure science,
where research associated with doctoral studies is almost invariably of a
fundamental nature, additional research avenues are open to chemical engi-
neerine graduate students because of the very nature of eneineerine whose
general purpose 1t 'to make' rather than 'to find'. 1.1w. ?er these avenues
are called - applied or mission-oriented research, devel. -at or design -
they represent hard -to- define and overlapping realities.

lurine the last quarter of a century, a body of knowledge, specific to
chemical enlineering, has developed in areas such AR transport phenomena,
reactor design, modelling and simulation, etc; these areas are fundamental
and can he moat appropriately classified as chemical engineering science.
Research has been and continues to be needed in many of these areas to fill
to r,.an between existing knowledge and applications.

In Ontario as well as in the rest of north America, chemical envineering
faculty have deployed by far the largest part of their research activities
in chemical eneineerine science. This is not surprising, considering the
policies of the most important granting agencies serving the universities
and the emphasis put on scholarly ':ork which will lead to the diffusion of
knowledge through publications in scientific journals as a reouirement to
a successful university career.

Powever, such research orientation plus university policies have caused a
serious neelect of the more 'engineering' aspects of chemical enrineerine;
e.r., the production of materials, design of processes and enuipment, syn-
thesis of systems, the imnrovement of the quality, reliability and effi-
ciency of Processes, safety, etc.

The advent of new granting nroerammee, mostly of the mission-oriented type,
should help to restore a more suitable balance between fundamental erica-
neerine research and research concerned with annlication and design in the
universities. In the Ontario departments of chemical eneineerine, trends
in this direction arealreadv clearly evident. These trends should be en-
couraeed by government, industry and supported by the university.

4 Coverare of Field by Ontario 1niversities

In veneral, both research and the doctoral nroeramme in chemical engineering
are well developed in Ontario.

AlthoueL there are now in all departments efforts to group researchers
into definite areas, the present situation is the result mostly of the



A-7

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.

If 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 department 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
applied research and development.

2.5 The Job "arket and Need for Programmes

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 damagino 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. Even at this period in time, students
are witnessing a complete reversal of the predictions of the past three
years 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 shortage 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 engineering
by the ACAP consultants were only mildly concerned with the question of
the job market for PhDs in chemical engineering. A general assumption
was held that the PhD chemical engineer by virtue of his education 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.

2.6 Role of Chemistry Departments

The essential differences between chemistry and chemical engineering are
well recognized. It surely is a truism however that chemistry must play
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a unique role vis-a-vis its 'ngineering counterpart. The importance of
a rood chemistry department in a university which expects a good chemical
ensineering department cannot be over-stressed. In addition good inter-
action between such departments is essential. It is distressing to see
how few such scholarly interactions exist, as was found during the tour
of the Ontario universities.

Some chemistry departments are excellent by international standards.
Nevertheless very little attempt is made by the chemical engineers (and
vice-versa) to avail themselves of these talents, even though in many of
the chemical engineering denartments visited, the research work not only
is indistinguishable from that done in chemistry departments, but is often
published in chemistry journals!

Good interaction was howevr.r, in general, found at the teaching level.
:fost of the basic chemistry courses are taught by the chemistry departments.
In some cases concern was exoressed that courses are not geared 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 taught to engineers are taught
by the Department of Chemical Engineering and Applied Chemistry. Although
many 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, especially since a
very high percentage of the PhD students obtained their first degree at
Toronto. Surely it would be salutary to have chemistry taught to the
students from several view-points! The situation can he exemplified by
the fact that even those engineering undergraduate students who change
their final goal to medicine or dentistry are taught auxiliary organic
chemistry not by an organic chemist but by a chemist in the Department
of Chemical Engineering and Applied Chemistry.

2.7 Italeymen t Prospects

Detailed lists of tune of employer and geographical location of nositions
taken by PhD graduates as their first job after graduation since 1969 are
shown in Tables x.10 (where x refers to the code number allocated to the
university department). ttith very few exceptions positions were available
for these PhD students on graduation. The survey of the situation as of
January 1, 1972, showed little change in the positions occunied by these
chemical engineers.

Thus, at the present rate of graduation of PhD students, job onportunities
should not be an influencing, factor in any decision.
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3. RECO!CtENDATIONS

On the basis of their findings and conclusions the consultants recommend:

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

PhD programmes 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 engineering

as a whole;

2. That, considering the length of time required to establish a high-

quality PhD programme, no short-term considerations should be

involved in any planning;

3. That the PhD programme be regarded as an integral part of the total

educational process in chemical engineering, and by its presence

strongly influencing programmes at other levels in a given

university;

4. That no university having a bachelor's and a master's programme

be prevented nermanently from offering a doctoral programme;

5. That because no evidence of major overproduction of PhDs 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 years:

6. That, considering the decreasing numbers of Canadians registering

in Phi) programmes in chemical engineering, appropriate steps be

taken to inform:

1) potential candidates of the value of a PhD degree in many

phases of government 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;

7. That, PhD programmes 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;

C. That, since there is never a valid reason for producing a second-

or third-rate PhD, no student be admitted into the graduate
training programme, either at the master's or the PhD level,

unless that student has obtained in undergraduate training, the

equivalent of at least a 13 level;
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9. That there be established a Post-Entrance Acceptance Committee
(PEACE) composed of representatives from all the chemical engi-
neering departments 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
Lost facto, all available data being presented to this committee;

That, should it be found that students have been accepted 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 suggesting no Basic Income Units be awarded for that
student;

10. That, either in the financing of PhD programmes or by other
means, the Government of Ontario take stens to strongly encour-
age mobility among the graduates of the universities of the
province so that a fair portion of them take higher degrees at
universities other t'an 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 stimulating 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 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 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 throughout the Ontario system
by recommending to many of its best undergraduates that they
take their PhD training at another Ontario university; and

That efforts be made to attract stimulating students from other
chemical engineering departments to take their place;
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15. That the department at the University of Toronto pay particular

attention to recommendation 11;

That in addition improvements be made to stimulate general

students' interests by more seminars, regularly scheduled

graduate courses, etc;

16. 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;

17. That the case of the department at the University of Windsor be

given particular attention by ACAP in the light of recommendations

2 and 3, and in consideration of the present excessive number of

departments of chemical engineering in Ontario; and

Th.* this case be investigated in greater depth than the present

study has allowed:

That, in the event of any action taken with regard to the present
recommendation and recommendation 3, very special consideration be
given to all aspects of the relocation of staff members who in
tne opinion of the consultants, are the responsibility of the

Ontario university system.
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4. CHMICAL ENCINEEP.INC AS A DISCIPLINE

4.1 Traditional Concepts

Chemical Enrineerinr beran with a strong emphasis on annlied chemistry.
In its early years, chemical enrineers developed unit operations as a
basis for chemical engineering 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-
finable operational steps which could be Quantitatively described as unit
operations. The unit onerations served Quite adeauately as a base for
chemical engineering education and the process industries for many years.
Heat transfer, drying, filtration, mixing, evaporation, particle size
reduction, absorption, distillation, and other unit operations were the
foundation stones for chemical engineering as a discipline and the unit
operations were synonymous with chemical engineering up to the end of
World War II.

4.2 New Developments

During the two decades after World War II, chemical engineering began
moving away from the unit operations as its fundamental educational
Platform to a more scientific rationale for education in chemical engi-
neering. While it was still recognized that chemical manufacturing
processes were composed of chemical reactions and unit operations, the
sciences underlying these operations began to receive intense study
through research in chemical engineering in both the universities and
some industries. As a result, new insights and approaches were developed
to problems involving the separation processes - the hallmark of chemical
engineering. Thus chemical engineering research produced a rational
approach to heat, mass, and momentum transfer and gave these processes
the general title of the transport processes. Alternate titles have
been transfer. processes, and transport or transfer., phenomena. Regard-
less of the title used, the scientific integration 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
engineering research and education was the development of nowerful,
high speed computers. Computers dramatically changed chemical engineer-
ing design procedures; they opened entire new vistas for research in
reactor design, process control, modelling and optimization of complex
systems; they permitted exceedingly sophisticated new exnerimental
methods in research whereby conluters combined with new instruments
can be used not only to control experiments but also to simultaneously
analyze and process the results. Thus, modern chemical engineering
research anpears to be limited only by the ingenuity of the researcher
and the availability of funds.

!!ith the advent of the decade of the 70's, chemical engineering has had
to expand its disciplinary horizons to meet the growing concern of the
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impact of technology on society. Thus, chemical engineering plant

design is now dramatically affected by environmental regulations and

constraints; methods of environmental monitoring and control will

require instrumentation development by chemical engineers: the growing

need for energy will create onnortunities for chemical engineering to

develop new appraches to chemical energy sources and storage: e.g., a

hydrogen energy storage economy. Society's continuing use of techno-

logical advances will in turn produce new challenges to all of engineer-

ing to eliminate potentially ill effects from technology's applications.
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5 NATURE AND OBJECTIVES OF THE PHD PROGRAMMES

5.1 Student Qualifications and Requirements

It is 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 is an excellent terminal
degree for those students who do not seek a career in research and
development. In actual fact, however, many 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
- qlsultants were cognizant of these derroes, and although the master's
degrees were not the prime subject of evaluation, they were noted as
beinh important but variable waynointe 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
engineering 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. Generally a 70% or 8+ average at
the undergraduate level is required plus recommendations from persons who
know the candidate well. Large numbers of applications are received annually
by practically all departments, mostly from 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 becauue
of the lack of financial support. This applies 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 Principle 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 obtailling 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

accordingly with much more 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 graduate studies, the department has the authority to accept

or reject an applicant but the final administrative decision to accept

is the prerogative of the Faculty of Graduate Studies or its equivalent.

At the doctoral level, the student must usually take additional graduate

courses and often undergraduate specialized courses in his field or in

others. They are selected upon recommendation of the student's research

director or advisory committee of staff members, again depending on the

university.

The choice of a research supervisor is in principle a free one and

follows interviews and discussions with faculty. However, many foreign

students do not have the benefit of this free choice. Upon admission

to the university they are many times told that only certain professors

can offer them financial support and on the condition that they work in

the field of the professor's choice.

PhD qualifying examinations are in the process of disappearing from

those Ontario departments where they once existed. They are being

renlaced by sometimes totally different forms of examinations. There

are many variations among the universities in this connection but
everywhere this is taken very seriously. A typical form of this exam-

ination would be the written submission by the student of a so-called
research pronosal 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 rive a yearly seminar

on his research work.

The doctoral thesis is evaluated by a committee of three or four snecial-

ists in the field, one of them normally chosen outside the university
where the thesis is nresented. The oral presentation of the thesis is

either private or semi- public. In the first case, only the committee
is present: in the second, any interested nerson in the university can

usually attend.



5.2 Training, of 'finds vs Trainiu_of Specialists

Doctoral studies in engieerinp on a sizeable scale are relatively
new in Ontario universities, and for that matter in other Canadian
universities, except for chemical enpineering denartments which have
had a longer exnerience in this respect, nossibly because of former
associations with chemistry departments. They developed rapidly durin
the expansion years of the sixties. The Programmes were modelled after
those existing in the United States and also those in pure science in
Canada. During that period everyone.was too busy to snend anytime on
the objectives of a doctoral programme. It was intuitively felt that
the research worl-. and the writing up of a thesis were the essential
ingredients, together with a few advanced courses. The whole concept
was more or less taken for granted.

During the aforementioned neriod, a large pronortion of PhD graduates
-?ere absorbed by the university system throughout Canada. Since research
money was available in increasing amounts and there were practically no
other constraints, young staff members most naturally launched research
nrojects which were, in practically all cases, a direct continuation of
their own doctoral thesis. A notion gra4uall" developed among themselves,
their students and even the general public that they really were spe-
cialists in a given field or specialty. In a developing economy, this
was taken for granted and of course influenced successive crops of PhDs.

For those new PhDs who took up employment in government departments or
in industry, they very seldom had the same freedom except in the choice
of job. However, they were less influential in shaping the directions
of the on-going research programmes in universities.

When the economic recession of the late sixties came, the job market
shrank anpreciably. 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 freshly graduated PhDs refused to accept positions in
industry that did not involve essentially research activities and
because many voices in the public began to be heard concerning over-
production of overly-specialized PhDs, the universities were compelled
to re-evaluate their situation.

The concep' of a Phi) programme considered as a higher level for train-
ing engineers in solving problems of wider scope, began to emerge. It
implies that a PhD is not necessarily trained for strictly research
activities, and that he can and should envisage other nossibilities,
directly or indirectly related to research or development.

;)urine discussions with faculty on the occasion of inits to the uni-
versities, it was found that this concept was quite generally accepted
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although 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 generality, the following excerpts bring

out many essential points:

"The object will be to train problem-solving engineers, 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 precision that is required in modern innovation.
But a broad picture of the physical world together with a know-
ledge 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, gained through research and courses
during their PhD studies, in various areas of technology".
(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
strength 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 knowledge through forral courses and
personal study;

h) development of ingenuity and versatility in facing new problems
or situations through various types of interactions with his
research director, with other faculty and with fellow -students;

c) training in intellectual discipline by means of seminar nresent-
ations and thesis writing.

The influPnce of the research director will of course he nredominant and
great care should he exercised in the decision to associate him with
graduate students.
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In some ways, the doctoral programme in chemical engineering will thus
slightly differ from others, in pure science for example. Nevertheless
it must be a scholarly endeavour which, while serving its primary
purpose of training a future leader in his profession, contributes to
Ic.nowledge and to the art of the engineer.

5.3 nature of Research Project for Thesis

The type of training obtained by the PhD student depends on many factors:
the general climate in the department, the size of the department and
the resultant interaction with other students or groups, the particular
conceptions of his research supervisor or engineering research and so on.
But paramount among these will be the t:;)e of research in which lie is
involved during a period of three, four or more years. Although they are
not easy to delineate, the following categories are frequently used:
fundamental or basic engineering science, applied science and develon-
ment, and finally engineering design. Chemical engineering research
projects that can he identified with one or two of these categories have
regularly, and still are, being carried out not only in Ontario univer-
sities, but all over the world.

5.3.1 Fundamental Entineerinr Scib..,;;e

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

Transport phenomena in their wore basic aspects are a good example. The
detailed knowledge of the behaviour of solids, liquids and gases when
subjected to fields of various types of potentials, such as velocity,
pressure, temperature and concentration potentials and of their behaviour
in multi -phase systems, is really a part of science and is, in itself,
Quite remote from applied science or technology.

The complete understanding of multivariable chemical systems prior to
their optimization by means 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 fu:!damental
knowledge required for enuipment design, for chemical reactor design,
for fluid flow in porous media, fluid mechanics of complex fluids, etc.

This type of research is of course more curiosity-oriented than mission-
or application-oriented. In many cases it is not distinguishable from
the type of research carried out by many scientists. A graduate student
involved in a research project of this type will evidently have to tackle
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problems that are quite different from those encountered in strictly

applied or mission-oriented work. His training will to a degree be closer

to that of a scientist such that his viewpoint and approaches to problems

will be in the manner of the latter, which differ in frame of mind and

conceptions from those of the engineer.

5.3.2 Applied Science

The concept of applied science is much more difficult to formulate.

Besides stating that it concerns the application of existing knowledge

to a new or different situation, there is v9i4 little that can he

added to clarify the definition without encroaching on the adjacent

domains.

It may also he thought of as development although many will claim that

it cones before development in the total innovation process. One con-

venient definition would be the transformation of science into techno-

logy. From the engineers' point of view however, this would involve

development.

According to another interesting definition, apnlied science would be

what leads to immediate practical or industrial applications: nrocess,

measuring or controlling device, material, service, etc.

This evidently not the archetype of university research in the traditional

sense since the results of this kind of research work lend themselves

less easily to publication in scholarly journals and since one of the

missions of the university is the diffusion of knowledge.

Training in this type of research is useful to large numbers of chemical

engineers: although ig is encountered in doctoral programmes, it may

receive less attention than it deserves.

5.3.3 Engingertmlataign

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

frenuently have to deal with design nroblems. In the wider definition

of the term, design is the operation by which science or technology is

complemented or supplemented by an input from the art, which may be
experience exclusively, in arriving at a reasonable, and if possible

the best, solution to a technical problem.

These considerations lead to apparent conflict with the traditional defini-

tion of scholarly work dealing with the pursuit of new knowledge exclu-

sively. This conflict need not be more than apparent if the design work

is genuinely original.

Very few of these theses are seen, but the importance of the training

it would give the student warrants further experimentation in this

avenue.
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5.4 Trends in Ontario Departments

luring the expansion years of the last decade, Canadian engineering
schools have recruited their new faculty in a vast majority of cases
among young PhD graduates fresh out of university or nossibly having
had a post-doctoral experience of one or two yeisrs in another univer-
sity laboratory. Industrial experience is something of a rarity among
engineering teachers hired recently.

This situation is the result of a sustained effort from practically all
schools to increase the scientific content of curricula and to develop
research and graduate studies. A very good measure of success has been
achieved towards these goals, in particular by chemical engineering
departments.

Research interests of younger faculty usually are in the field, some-
times suite specialized, in which they did their doctoral work. Further-
more, they are encouraged in this direction by the complete freedom
given them by their main source of research funds, the National Research
Council of Canada. It has been the policy of this agency, even with
the recent austerity constraints imposed by the federal government, to
encourage and generously support rood original 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 Comm-
ittees in the various branches of enpineerinv evaluate arelications by
means of the same yardsticks as has always been cirrent practice in the
pure science committees: quality of previous work, scientific interest
of proposal and productivity of the applicant. The latter, as measured
by the number of papers recently published in refereed journals, is
obviously the easier to use and has always been overwhelmingly 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.

lather recently, the rational Research Council has launched programmes
of entirely different types which it hones !gill divert part of the
research interests of engineering faculty towards problems closer to
the industrial reality. These new programmes have been received with
great enthusiasm and if means of providing continuing support through
then can he devised they will contribute immensely towards establish-
in. a better balance between fundamental and other types of research.
Such new programmes can also produce an increased demand for PhDs.

Another trend which is important in achieving this goal and which has
become quite noticeable in nntario depertmerts of chemical engineering,
is the funding of universit! research by mission-oriented federal and
provincial government agencies. Here again 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 given to understand and that universities need not be

'havens of irrelevant research'.'

It should be remembered that doctoral work in chemical engineering is

relatively new with one notable exception, in Ontario universities as

well as in Canada at large. It is still time to shape the research

programmes in a way that is suitable, as part of the normal activity

of teachers of future, practitioners.

5.5 Job Profiles for the Chemical Engineering...In

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
engineering 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 built. It

introduced very early into its educational programmes basic concepts
which are finding popularity today under modern terminology. The early

concepts of mass and energy 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 especially 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

omen for PhDs in chemical engineering is shown below:

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

a. Development;
b. Research;
c. anagement.

2. Government

a. Environmental Control Agencies;
b. Regulatory Bureaus;
c. Consumer Protection;
d. Research Agencies.

3. Private Research Institutes

4. Insurance Companies

a. Reliability and Risk;
b. Analyses and Forecasts.
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5. Consulting

6. Education

7. Biomedical Engineering
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6 ANALYSIS OF THE ONTARIO SITUATION

6.1 Combined Statistics. 1972-73

Table 6.1.1

Populations,

B A
i

w

il

4a

ill
I

ji
1
0

1
0z g 11 DI 1 al

11 7

5 2

3 4

3 1

Full-Time Staff 15 9 12 28 28

Full professors 7 4 4 16 13

Associate professors 3 2 5 6 10

Assistant professors 5 3 3 6 5

Bachelor's degrees
awarded, 1973 14 7 39 51 67

Full-Time master's
student excluding
non-thesis degrees 27 14 9 38 19

Full-Time PhD students 14 14 11 29 36

Full-Time PhD students
of Canadian origin 6 4 6 8 7

PhDs awarded, 1973 3 4 1 11 11

Post-doctoral fellows 4 3 2 12 13

8 9

34 4

15 S

6 2

2 3

0 0
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Table 6.1.2

Research funds excluding university- originated grants (1972-731.

Total Research 7 of Faculty *Average
(rants Receiving Total Grant

Grants per Professor

:tcNaster 112,440 80 7,496

Ottawa 104,825 100 11,627

queen's 72,200 83 6,016

Toronto 548,360 82 19,584

Uaterloo 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 appear :t.n Tables 6.1.1 and 6.1.2. One aspect of
Table 6.1.1 that immediately comes to mind is the large number of
departments offering programmes for the full spectrum of degrees:
BSc or BEng., ItSc or the equivalent and PhD. This is illustrated by
the following comparisons based on estimated populations for 1971.

Table 6.2 1 "2

C1/27WIJAilincering Departments, Canada and USA

Number of
departments

Population
milliong

Dept/million

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
.1.=11- -=1

1A.T.ChE., Chemical Engineering Faculties, 1972-73
2Crace, 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 202 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
endowed 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.A, Two 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 thich 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

calla 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 (192 compared to 14%) 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 by the Ontario
Government.

6.3 Comments 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;
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- 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 exaggeration) to the students.

It is readily found that these qualities are more and more difficult to
evaluate as we go down the above list. The laat ones are next to im-
possible to assess but they nevertheless make the reputation of the
advisor among 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 very
minor exceptions.

Of no department can it be said that the staff has a uniformally good
record of publication or of theses directed, or of research grants
received, with ages 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.
Each 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 Supportait Facilities
4

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 with respect to their use and
accessibility. Engineering library holdings were found to be good. The
inter-library loan system is a source of corplaint in some of the univer-
sities. Other deficiencies are noted in the individual assessments.

6.6 Comments on Cooperation with Other Departments

In general cooperation with other engineering departments is good - in
sone cases this is deliberately fostered due to structure, but in most
cases it is individual contact that is important. Cooperation with nure
science departments, other than at the teachinr, level, was found to be in
need of improvement.

6.7 Comments on student Selection

The selection process actually starts at the admission to the master's
programme since very fell students go directly to doctoral studies after
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their-baccalaureate. Everywhere the applications are numerous but come

mostly from- foreign students.. The departments then can andvin 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 danger would be the temptation to-lower the standards of

admission in.fsvour of Canadian students since so few of them seem to

show interest in'graduate studies.. .

At ihedoctoral-leve4 it can,be said that each case is individually

examined carefully. Studeht selection then seems to be very satis-

factory.

6.8. Comments on Ethnic Origins of Students

One would normally expect that universities of a given 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 irrecog-

nized that, its not essentially different from the situation existing

in practically all Canadian-departments.

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 432 to 312 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 102

decrease in 1972-73. In' absolute numbers, 60 Canadians were registered

in 1969-70 but their strength had dwindled to 39by 1972773.

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

landed immigrant status increased slightly to-1 figure of approximately

70. .
Foreigners with a student visa have been lege ', important in numbers,'

averaging around 17.

It is interesting and important to realize the causes of such an overall

situation, as it can be Claimed that the present site of the chemical eppi-

nearing doctoral programme is in excess of the apparent needs of Ontario

students. It would 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.

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 the-Oh y

real problem was to find the students to man the programmes. Jobs welt'

very plentiful and interesting money-wise for graduatingtache
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all disciplines of engineering and it was difficult to entice them to
stay at the university for graduate studies.

At that tine, it was the general.consensus-among-university faculty
that the only nossible method'ofbuilding a graduate and especially
a doctoral programme was -to 'import', students. There-began to appear
in scientific magazines all over the world,. advertisements. offering
stipends to qualified Students. It was honed that this would have an
entrainment effect on Canadians. This never materialized fully, but
developed in foreign countries a notion, still nrevalent today, that
financial assistance was easily available in Ontario:and other Canadian
chemical engineering departments.

Towards the end of the decade and early in the seventies, a number of
reports originating from various sources, began first, to hint, then:to
assert, that.Canada wasproducing.more PhDs, at least in some science
and engineering disciplines, than it could use. Granting agencies, led
b',, the National ReSearch Council of Canada, began to restrict the use
of their research monies to the support of. Canadians or landed immi-

,,,-Trants to the exclusion .of others.

This new policy was not applied in concert with the Department of Mani
power and Immigration with the result that the tendency for foreign
students already in Canada to.apply and easily obtain the landed'immi-
grant status; was greatly enhanced: those students who were in the
system at the tine were not affected by the new policy,

It appears that doctoral students in Ontario departments of chemical
engineering 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 permanently
in Canada. It is almost certain however, that the vast-majority of them
were attracted bythe bursaries offered by research directors from their
research grants and.by departmental stipends for part-time demonstrating:
In all probability,. they obtained the landed Inmigrantstatus prior to
or-after their arrival in Canada on the basis of ApPointments such as
research assistants; lectureri, 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
programmes such as the Colombo-Plan.-

One cannot help wondering what will happen.to this grown when the.new'
immigration regulations begin to have their full effect, at a particular
point in time when Canadians are not likely to replace them in large
numbers because jobs are less plentiful for bachelor's who accordingly
have a definite-tendency to be much less 'choosy'.

Statistics may be too fragmentary and the neriod for which they are
available nay be too short .to allow reliable conclusions on the effect
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Of limiting financial support to Cinadians and landed immigrants. It

has however, been claimed that .a decrease'in numbersdue to. these

regulations coull already be detectodAn 19701.

6.9 Mobility of Graduates from Canadian Universities

In a system of seven universities within one province, one would expect

afair amount of mobility among graduate students; in view of the obvious

advantages for a ChemiCal engineer to obtain successive degrees at

different universities, thui broadening his views and his training. To

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

costs to thrstudents as scholaiships,nre usually' tensible at any univer-

sity, and burscries fromhgranti are available almost everywhere for very

good students.

There is no concerted action among the universities in this direction.

on the contraryone can feel a strong. tendency, very noticeable in .

smaller departments but by no means limited to their; to idedtify,good

proppective. 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 low degree of mobility among students

and there is no reason to be satisfied with this situation.

Certain depariments however, manage to attract to a fair degree students

graduating from othar.Canadian universities. The data reported in

Table 6:9.1 refer exclusively to students who obtained their bachelor's

degree at a Canadian university end include graduate 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 -.

date students and to the population of students who are graduates from

Canidian universities.' They are based on.the 1972-73 academic 'Pearl

which saw a sharp decline (from 266 to 236) in the number of master's

etUdenti'.

'The figures based on the population of graduate students with a bachelor's

degree from a Canadian university are probably a better Criterion as'

other factors such as the greater or lesser availability of research

grants to supporj students or special arrangements with foreign 'countries'

may distort the'picture baied on the total population of'graduate

students. However, the two-sets of figures show the.. same general trends.

1Burns, C.M., Chemistry in Canada 24 (9), 16 -18, (1972)
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\Table 6.9.1
0

Populations of graduate students with a bachelor's degree
from another Canadian university in relation,

To
Total population of Population of graduate students
graduate students with a bachelor's degree from a

Canadian Uniiersity

Numbers x Numbers

McMaster 14/43 33 14/23

=1Mi

61

Ottawa 2/24 8 2/8 25

Queen's 4/22 18 4/16 25

Toronto 8/65 12 8/38 21:

Waterloo 5/56 9 5/14 36

:Waitern 11/30 37 .11/16 69

Windsor 0/10 0 0/4. 0

Ontario 44/250 18 44/119 37

Canada 80/476 17 . 80/221 36

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

. These youngpeople, in seeking a suitable university for their graduate
: training will in all.probability-be influenced by

- the reputation of a given university as it is perceived by themselves
or by their advisors at their own university;

- recommendation from professors or friends, directing them to a parti-
cular.research director;

- availability of unique research programmes in special areas or fields
of interest: environment, biochemical, engineering, etc.;

- availability of financial support;

- etc.
1

4

Most of these are partial criteria for excellence inasmuch as they would
not persist for a very long time if they were not.backad by excellence.
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On the other' ,hand, it is gathered from conversations with graduate

Students of foreign origin that before arriving in Camila, they did

not-knetsuch about Canadian universities apart.froawhat.can be

learned from Calendari.-

McMaster University and the University of Western Ontario seemto have

a relatively high power of attraction for Canadians, the University of

:Waterloo Solna next. :Although the Univeisity of Toronto has by far the

largest niriber of graduate students who hold a bachelor's degree from a

Canadian university it seems to draw them mostly from its own vast

reservoir of bachelor's which 'is of the order of 73 yearly. .,

In spite of the, fact that,the year 1972-73 seems to be typical of the

recent past, these statistics and conclusions are based on the student ,

populations for that year only and should therefore be used with great

care.

f

Considering the populations of full-tiseCanadian graduate students orly,

and with particular reference to the academic year 1972-73, the question

may be raised as to which are the large departments and which are the

small ones, as Table 6.9.2 will indicate.:

Table 6.9.2

ptpuittions of full-time Canadian PhD students

University 69-70 70-71 71-72 7243

McMaster

Ottawa

Queen's

Toronto'

Waterloo.

estern

Windsor

Total

13 14. 9 6

3 6 6 4

. 5 6 4 6

22. ' 17 13 8

10 8 9 7

W 3 2 5 6'

, .2, 2 2 ..- 2

60 '55 48 39

The smaller figure's may be misleading as they may only represent Xhe

same'students over the four-year interval.

6.10° Comments on Student Dedication

The results of the various selection processes before admission to

doctoral studies can easily be seen. In all departments, the great



0

A-32

majority of tha.graduate students appear to.be bright and articulate*
young people with a every clear conception of the type of training .they
are seeking and with strong dateriinatiop to af.thieve a positive result.

Is . 1
The duration of doctoral studies has tended to increase in recent years.
This may well be due to the greater complexityof the problems tackled
and of the equipment and instrumentation needed rather thad to students'
lack-of diligence. However, they do not seem to heti:a the laboratories A
or libraries in'the evenings like they used to

6.11 Coiments on Students Satisfaction with Programmes

The three consultants met in cameral with a representative group of
students in every department but one. In the latter case students were
mit individually in'the 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 net by the consultants seemed seriosi; it is dealt with
.under the appropriate heading elsewhere in. this report. Topics, such as.
the Amount of guidance they were receiving, competence of facuity,_the
quantity add' quality of support services available in library, computer
and 'machine shop faciiities,'the adequacy of financial support, etc.,
were discussed frankly and openly. Students were. encouraged to raise
'any issue they wanted.

-6.12 Projected Student Populations and Degree Awards

Every department is deeply.concerned'with the consequences of the Um
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 earefUlly.the size.of their doctoral pro-

.gramme.

Table 6.12'summarized the picture for the 'even departments as it can
be, gathered from the documentation supplied and from discussions with
chairmen and deputy-Chairmen.. In.the case of the University of.Toronto,
the plan being "to prepare as many students as the market demands", the

.

same dumber of doctoral students as in.the,past five years has been
arbitrarily projected into the next five years. i

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.

6.13 Careers for Professors not Involved in PhD Programmes

Some faculty, for a variety of good reasons; feel little inclination ,
for research work and are unsuccessful or only mildly' successful at it.
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Others" have become 'less inventive nor productive, with time: It is
unfortunate that university tradition makes life difficult for them.
The 'publish or perinh' law still plays a great role:in academic.pro-
motion and consideration. Sole faculty then feel compelled to partici-.
pate in research activity and while they contribute to the apparent
siser.of the programme, they do not necessarily improve its overall
quality.

Universities should develop plans to provide these staff members, who
sometimes can be extremely useful in other functions such as teaching
andadministration, with conditions such that they can still'have a
respected career on campus. In a discipline where practitioners are
being trained,. one should also think of a new motto such as 'practice
or perish'..

Such.a sitUationis not a very serious problem in the Ontario.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 of engineering consultants included a specific
request to investigate and report =the "coverage of fields and :

specialties, and'the extent'of activi'Of 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 mandatory courses, 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 Chemical Engineering, a constituent
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 haie presented a risk
of non-uniformity of.presentation and headings. The C.S.Ch.E. directory
has beenpublished 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 studiesLit
therefore makes no distinction between reeearch in master's or in PhD
programmessor any other type of research. Nevertheless it is thought
to give a reasonable account of the research areas available for
doctoral work. Very few faculty active in research are not included
in it.

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

A - Applied Chemistry

- .Chemical Reaction Engineering
C - Fluid Mechanics
D - Reat'Transfer
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E - Mass Transfer
.111-- Thermodynamics

C - Process design, Operation and .Simulation
H- Miscellaneous categories

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

,.Mechanical Separations, Drying, Crystallization and Solvent Extraction.

The sumiary for the year. 1972-73 contained 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 largely
exciteds the number of faculty. It most also be'remimbered that it is
sometimes difficult to classify a given project under only one heading.

The majority, of. activities classified under Applied Chemistry come

under three sub-headings: Biochemical Processes, Air Pollution, and
Water Treatment, the latter receiving more attention than the other
too. Some of the work falling into the rest of the Applied Chemistry
category does not seem to be differept from conventional physical
chenietry.

There were 108 full-time chemical engineering faculty in 1972-73 in the
seven departments visited. Table 6.14 Shove 220 !faculty-areas! in the

nine areas. If all staff' members were active in research .,. this would

give an average of 2.1 areas of interest per faculty. On that basis,
each number in the 'table 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 bat this Would represent
maximal numbers as not all faculty are active in research.

The main areas of chemical engineering are all covered in the total.
.system and are well balanced. The less popular areas are Heat Trans-
fer, Unit Operational and Thermodynamics. In the case of the first
two this corresponds to general trends in North America. Heat Trans-
for seems to h.,vm shifted' at least partially into the realm of mechan-
ical engineering and Unit Operations are no longer the challenges they
used to be. .Thermodynamics is note field that ii exclusive to,chemi-
cal engineers and the low numbers in this. area; are no cause for alarm.

As for individual universities, it quite striking that they all have
some activity in practically all tr except Western Ontario and

Windsor. In the latter case, the obvious reason is the smaller staff
size. For Western Ontario this is 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 selected fields are so loosely. delineated that there is no Apparent,

4

1



A-36

YI

concentration, ontfie basis of the C.S.Ch.E. headings at least.

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

Serious. consideration should be given,. and probably is now given in
some departments, to more effective grouping of interests with time.
Obviously-the prOceis should not be carried out to its extreme limit.,

7
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7,"
THE JOB MARKET

No special study.on the job matket for chemical engineering doctors was ,

undertaken as the Thompson-Lapp". report -became available, during the assess-
sent period.

.

One school of,thought firily asserts. that predicting and planning .populatione.
and degree awards in a given field is possible and necellaryin viewof the
cost of training the student'. It is claimed that stet tical tools and

.methods presently
- available are of sufficient accuracy to permit.the predic-

tion of'an operating band between optimistic and pessimistic boundaries.
This is the philosophy of the Ring of Iron, and-the Thompson -Lapp reports.

Others believe that this is simply not possible because of the large number
of unexpected andlsnpredictable causes and events that can affect short or
long.ters trends. NacKeys has given a good simiquantitative illustration
of this point.of view.

7.1 Chemical En ineerin in Relation to Other Branches of En ineerin 4

The ACAP chew cal engineering consultants are primarily Concerned with the.
career opport nities for the chemical engineering PhDs.' The Thompson-Lapp .....
report howev ', considers engineering as &Insole and only occasionally'does
it refer to ndividual branches. Ailiuming: for the sake of discussion, that,
its predictions- are correct and that itirecommendations are accepted,,two
difficult questions would remains 1) how would the doctoral student'popula-
lions ba'allocated.among the universities, and 2) how would the.seme popula-
tions be allocated between the conventional andemerAing branches of engi-
neering?

The first question is of course very political In nature and in any event
outside the scope of a chemical engineering assesiment. On the other hand,
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 a close
sOmclarity between the two countries (and Ontario) in educational and pro-
fessional patterns. 'There is also many common points between the political ,

and economic systems of both countries, and especially if thefocusis on..
Ontario as opposed to the rest of Canada.

kcomparison can be made on the basis of doctoral output for Chemical snap..
nearing in relation with all branches oUengineerin*. .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 Graduate Schools. it is to be.
noted that they.differ by as much as + 102 'from thode supplied for Ontario

"Thompson, 1.W. and Lapp; P.A., Supply and Demand fdr Engineering Doctorates
in Canada, 203 p., 'Canadian Engineering Manpower Copncil, July 1973; .

5
MacKay, Ds, Graduates in Science and Engineering: An Predicting,the Demand
and Controlling the Supply - Private communication Paper submitted for
publication to Science Forum
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by ACAP. They were Used in preference to the latter solely to allow .

comparison with Canada. The U.S.A..data are from the.U.S.' Engineering
Manpower Comies/On.

Although the data are not completely up-td-date, the four-year average
is.probably a better:criterion to use then any trends,imcause 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 drawing any
conclusion,.it must be remembered that in the U.S. a number of other spe-.
cialties are available (which are non - ,existent or little developed in
Canada) and have a tendency toedivert sizeable numbers of students away
from the more traditional disciplines. They include Industrial, Aerospace,'
Materials, and Nuclear Engineering plus Engineering Science and many
others,. accounting for approximately.one-half of 'doctorates in engineering
awarded in 1971-72 in the U.S.

'It mightbe therefore informative to compare chemical engineering to the
more traditional branches of engineering: civil, electrical and =schen-
ical. This is shown in table 7.42 for which the sources of data arethe
same as in Table 7.1.1. This new set of figures confirms the indications
of. Table 7.1.1 but,shows a quite smaller difference between Otitario and
-Drafted Statei. If the data involved are representative of 1973 and of
the years to. coma 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 doctorates per
million; the corresponding figure'for Ontario, based on an estimated Op-

Adation of 7.7 millions is 3.6. If it is assumed that Ontario produces
or should produce 602 (see section 6.2) of the total number of doctorates
awarded in Canada,'the ratio becomes 3.6 x 1 x 7.7 2.1 on the basis of a
Caiadian 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 in engineering to
baccalaureates in engineering awarded six years previous has risenin
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 Education 59 13), 234-35 (1968), 60 (5), 399-409
(1970), 61 (5), 431-446 (1971), 62.(7), 799-808 (1972), 63 (7), 520-522
(1973)

?
Thompson, I.W. and Lapp, P.A., Loc. cit. p. 93.
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The privileged position-of chemical engineering in Ontario is. probably due
to an earlier.start and a better preparedness to take advantage of the ex-
pansiom period. ofthe"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 ducation'is a right of irdividuals and not a mis-
sion given to one or a.few provinces;

#

A most important fact to remember ie that the number of Canadians - exclu-
sive of landed immigrants - registered in the Ontario chemical engineeeng
doctoral system has always been less,, than half of the total, has dwindled
by one third over the reriod'1969-70 and L972-73, 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
futuge, in view of constraints imposed by research-granting agencies and
by the Department of,Manpower and Immigration. It therefore is not pose
sible for the chemical engineering consultants to accept the conclusions
of the Thompson-Lapp study, at least inasmuch as they would concern
chemical engineering.

7.2 Optimistic and Conservative Views

It is the vikw 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 younicCanadians
towards higher degrees which lead eventually to the more interesting and
challenging jobs, for which on so many occasions in the past, doctorate,
holders had to be imported from abroad.

All departments claimed that they never had any 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 departments'
that present demand Ls in excess of the supply.

In all likellhood, the market for PhDs in chemical engineering will soom,
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, synthetic materials play a far,greater rolein the economy.
Biochemical applications will open up unthought of industrial applications .

in large numbers.

Furthermore,-governmental initiative in selected fieldisuch as the environ-
ment, energy and other resources, management, transportation, the North,
the oceans, etc., will'create through both government 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-
jectives. PhDo in all disciplines and especially in engineering'are
tomorrow's leaders of society. They should be trained very,cafefully and
in_sufficient numbers.
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Since we think of Canada as a free-enterprise society we .must haie faith

in it, and accept the disadvantages that come with its great values.

Doctoral studies are long induration 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 overdemand of doctorates. .

The former should not be so serious since the PhD should be versatile

erwagh to find a useful and challenging task to perfork,for society.
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8. MCMASTER UNIVERSITY.

8,1 Faculty,

8.1.1 Quality.

All members of the staff at McMaster are academically very well quali-
f ied and have a PhD degree. Remarkably none Of them obtained it at. .

McMaster and there is a great diversity in the universities wheie they.
were awarded: twelve universities or university departments are repre-
sented from Canada, Great Britain and the United States. This variety is
certainly a positive factor, bringing different schools of thought, types'
of training and experiences to enrich the departmental melting-pot.

In effect, this department is really an energetic and dynamic team and
each member is cooperating in an admirable fashioh in the total educe-
tional.effort. P

.

.

Staff members are rather young, only two of them being over 43 years of
age. Almost all of them have hadlisome experience outside the university
world, either.in industry, government 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.industrys.

Ten.of the staff members have records of PhD theses successfully completed
under their direction and two more are presently engaged in their first
experience at this level. Nearly all have past or present experience of
sunervising at the master's level;

8.1.2 Discipline Background

Four faculty members hold their first degrees in disciplines other than
chemical engineering: two are civil engineers, one it a chemist and the
other an applied chemist.

kt the doctoral level,_with the exception of two in chemistry, one in
statistics and one in civil engineering, all were in chemical etqineer-
ing.

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 process of picking up their share
of the load.

The publication record of two.of the.profestors is truly remarkable.
For the others it ii from good to very good with one or two exceptions,
considering. the age and experience of the personnel involved.

.



A,45

The data provided to the consultants indicate that the average NRC/

DRBAKRC' 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 numbei

of staff members received granti from other agencies 'and even industry.

in the last five years.

8.1.4' External Involvement

The McMaster ataff seems to be performing its share of Faculty and Univer-
sity administrative-and committee work.

Some professors are actively involved in cooperative research work for con-

sulting with industry. One of them has formed a company. They are active

in professional and scientific societies.

8.2 'Research Programmes: Classification. Scope and Coordination

The department has a policy of grouping research efforts under five headings:

1) ProCess,simulation;'
21. Waste-Water Treatment;
3) Polymer Fngineering;. '

4) Chemical Reaction Engineering and Catalysis;

'5) Transport and Separation Processes.

A stronger emphasis is put on the first two.categOries.

Theseareas are sufficiently wide in scope to cover most of chemical'eng-
ineering as.can.be seen in'Table 6.14 where the emphasis placed on Process

Simulation and Waste-Water Treatment can be easily identified,

University research coordination is not always easy to accomplish; but
this Department has achieved reasonable success in this direction and

seems intent on pursuing its goal.

8.3 Departmental Goals and Evaluation

The Chemical Engineering 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

about the need for a PhD Is pedagogically sound. The department is

convinced that a vigorous graduate programme has the following values:

1) Intrinsically valuable for itself.

2) It contributes importantly to enrichment of the under-

graduate programme.

3) It contributes significantly to.the quality of the faculty.

0
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The essential features of McMaster's goals for its PhD programme for the
'next five years as determined by the consultant_ team are 'summarized- as

. .

follows:, . .

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

2). The department 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 department has identified'as an ideal goal 20 full-time
equivalent. PhDs per year. This'goil allegedly would. pro-

.

vide continuity of research programmes.

4) The department beljevei that its PhD graduatei will not
.encounter ;employment problems because of.thestrength and
quality of the research programmes of the department.

5) The department recognizesothat therewill be few faculty)
.additions during the next few years. However, no plan
was described for ensuring the maintenance of faculty
vitality dtiring this equilibrium 'period.

6) With respect to possible external constraints on the number
of PhD students,the department "would play its "part in Work-
ing to such constraints, assuming that ill:universities col!

operated in accepting the constraints and that COU adopted
the recommendations of the consultants".

PhD candidates are encouraged, to engage in research which
cute across discinlines and may involve direction from more.
than a single .professor.

The department at McMaster appears to have ,establish realistic Obeli
and objectives which the consulting team believe to e achievable and
productive. Possibly the most important omission in the goals was with
'respect to the question of how does the department plan to cope with
maintaining faculty vitality during a period of equilibrium of faculty
numbeis. This does not mean such a plan does not exist.

8.4 Department Policies

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.

I*
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8.4.1 Operations and.Admissions

The department has established its own admissions standards which meet

and exceed the'sinimum standards of the Graduate School. This appears

to be normal practice for most departments of chemical engineering.

The consultants found.the departnflIt's operations with respect "to ad-

issions policies and operations quite'satisfactory.

8.4.2 Examination Procedures
P

The Chemical Engiteering Department at McMaster has developed a sound

two -phase examination plan for its PhD candidates. "These consist of a

casprehensive'oral examination on basic blemicel engineering and aleritten

plan of the candidate's research followed by an oral examination on the.

written plan. The only flaw detected in this plan was the fact that the

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

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

independence in the preparation of the written plan. .

8.5 'Cooperation with Other Departments

Cooperation seems to be very good with other engineering departments at

McMaster and with engineering departments in ether universities in Ontario

and elsewhere. Tiers seems to be virtually no cooperative activities be-
tween the*chenicalengineering and science departments such as chemistry

or physics. The criticism was voiced that theee departments, although

they sometimes paid lip service to applied science hadtoo'lpurel an.

orientation. The basic science teaching to the undergraduate chemical, .

engineers is however, done by.the basic science departments.

8.6 10 Students

Numbers

The number of PhD students at McMaster has averaged21 during the four

years preceding 1972-73, dropping 'to 14 during that year",--ifier the

awarding of seven degreei during the course-of 1971-72% No difficulties

seem to be 'encountered with a student body of that order of magnitude.,
The department itself wishes to maintain the-20-or -so level.

8.6.2 Origins - inbreeding,

This department has had a very good record 6f attracting graduates from

other Canadian universities. Its reputation also keeps many of its awn

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

Canadian universities. .

The departnent has 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 periodconsidered.

I
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8.6.3 12nsth of Studies and General. Level of Satisfaction

The average time to complete doctoral etudies from registration in.the
graduate schoolto the granting of the degree seems to be 5 -5.5 years.

The students are enthuSiastic about their doctoral work at McMaster and
they seem to be very satisfied with all aspects of their life: amount of
guidance, competence and availability of faculty, cooperation between
groups, support services, and even financial udpport. They seem to know
exactly, what their goals are and to be quite capable of reaching them.

8.7 Facilities and Services
A

The departmental facilities were found to be excellent, with relatively
,modern lab9ratories all Well equipped with modern apparatus and instru-
mentation. Well-developed. simulation techniques tend to make the grad-
uate students 'engineering4 conscious, rather than 'science' consciouv.

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 department. While the main library
deserve the highest praise, the departmental reading room vas in a state
of disar ay. While part of this was due to building reconstruction, dis-
cuss n with gradu to students led. the consultants to believe that the

was_usuallY no very useful.

Financial Support

The PhD students seem wall supported financially averaging $4,500 per
annum, which is obtained) 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
'fairly large graduate school.

In the graduate school (PhD and master's combined), averaged over the
years 1968-1973, approximately 15% of stedents were supported by major

-scholarships (greater than $2,500).

8.10 Employment

All PhD graduates since 1969 were able to obtain positions or post-
doctoral fellowships as shown in the following table.
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table 8.10

First position held.
Summary for 1968-69 to 1972-73

Alt Employer Ont. Rest of USA Home
Canada Count

University 1 1

Industry 5ed 1 2

Government 4

Community College
or High School

Fellowship 2 3

Other Unknown

1

t 1

Research (other
than Fellowship) 3

Other

Unemployed

Unknown

8.11 .Graduate School

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 appointinecommittees or the PhD

examinations, including the invitations to external examiners for thesis

review and participation in the final oral examination. External reviews

were claimed to maintain the research integrity of the department, and to

satisfy the ethical concerns of the faculty members...

The philosophy was expressed by the Dean of Engineering that Waster'
desire' to develop strong graduate programmes as a high priority goal

compared with the undergraduate vrogrammes.'
0

8.12 University Administration

The university administration at McMaster was not explored in depth. The

general conclusion was reached that engineering, and chemical engineering

in particular, were well supportedty the university administration.
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9. . UNIVERSITY OF OTTAWA

1.1 Faculty,

9.1.1 Quality,

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 where they
were awarded: seven universities are represented from Canada, Great
Britain and the UnitedStates. This variety is a.positive factor agein4.
bringing different schools of thought, types of training Ind experience
to enrich.the departmental intellectual climate.

The principal characteristic of this department is that it is strongly
disciplined and united-under a firm leadership and takes very. seriously'
its task of maintaining and improving the'quality of the doctoral pio.-
gramme.

The staff is rather young, six members being in the 42-49 age bracket
and the three others in the 30-35 bracket. Almost all of them have had
Some experience outside the university world, either in industry or re-
search establishments. The aggregate average for thelihole department
is over three years. The department seems to keep in close touch with
the nearby laboratories of the National. Research Council.

Only three of the staff members have records of PhD theses successfully
completed under their direction but four additional ones are presently
engaged in such supervision. All have past or preentexperience in
supervising at the master's level.

9.1.2 Discipline Background

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

9.1.3 Research Productivity

Ten PhD degrees hive been awarded in the department in the lait five year*.
It should be noted that three faculty members have been at the University
of Ottawa. for less than five years. The younger ones are allpresently
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. ood
with only one exception. The department stands out as one of the best.
in Ontario in that respect.

The data proVided to the consultants ilndicate that the average NRC/DRB/
MRC operating grant per faculty member receiving grants were.*.gher than



.
the Ontarioor Canadian averages for the discipline in 1972-73, and all
staff members at add department are receiving such grants. %With very
-few-exceptions, these are-the only sources of research funds external to
the university.

'9.1.4 External Involvement

Staff members are active in professional and.scientific societies to
varying degrees. About half of them have acted as consuiltants to Indus-

, trial firms.

9.2 Research Pro ra es: Classification Sco e and Coordination

Thii department has & policy of grouping research efforts under three
major headings:

1) Thermodynamics and Transport Properties;
2) Kinetics, Catalysis and Reactor Engineering; .

'3) Transport Processes.
S.

There has also recently been a shift of emphasis toward greater concern
for the environment.

These areas are sufficiently wide in scope to cover a very large propor-
tion of the total field of chemicaldengineering as could be seen in
Table 6.14. This table shows the accent on the above-mentioned areas.
The case of thermodynamics is a special one: even with only one active
staff members the activity is considerable.

There does'not seem to..be a definite policy for tighter grouping in the
futuZe.

9,3 tigutgantal Coals and Evaluattmt

The Department of Chemical Engineering at Ottawa follows much the same
practice of other chemical engineering departments in Ontariosby classi-
fying its PhD research activities into areas or categories.

The department's .stated- goals indicated thit'in addition to continuing
research in these areas, it intends to extend its "endeavours into .

fields such.as Food Technology and Energy Engineering".

, The department emphasizes that its research interests seek to "reflect
the demands of our society, student interests, and the desire to serve .

,the community ". The implication of this emphasis -is that the'departrent
intends "to take.every opportunity to maintain viability, and to keep
flexibility:and versatility in doing meaningful 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 basil of past and present
experience that its PhDs in the future viii find meaningful employment

e
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iend.cbreer opportunities.

The department's present research programmes are in traditional And usefUl
chemical engineering areas which have been of great value during tfie pant
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 exptessed
intentions to move into new areas of technico-social importance, it has
in.fact not yet done so. It is realized by the consultants.that problems
and obstacles associated with moving into new-physical facilities at
Ottawa have been a major deterrent to maintaining existing programmes,
let lone inaugurating new ones,

9.4 Departmental Policies

The policies of .the department with respect to operations, admissions,
and examination procedures for PhD candidates generally follow the same
pattern as, in.other departments in Ontario. . . 4

9.4.1 Operations

Selection of new graduate students is coordinated by a professor charged
with this function. He maintains liaison with other department professors
and is kept informed of their desire for and ability to aecommodate.new
graduate students.: The amount of departmental funds available for net
graduate student support is made known to him by the chairman.

9.4.2 Admissions

_ .

New graduate student acceptance is the prerogative of the departmental
staff, as deteimined' by majority vote. In the case of PhD candidate
selection this prerogative is strictly observed and exercised. In the
case of candidates for MASc and MEng degrees the chersirde selection is
given discretionary powers to accept new students.

.11

i

.A decision on acceptance is hissed on the usual combination of academic
record and letter f reference. In general, a student must possessthe
equivalent of a University of Ottawa .B average in his last two years of
undergraduate studies to be accepted as, a graduate student.

Formal admission or 'acceptance is done only after the School of draduate
Studies 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
'Inicertain cases'. Progress on research is presented in review to the
departmental staff. The thesis is reviewed by two professors in the
department, one other from within the university, and one from outbids
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and who is invited to attend the examination.

*--

A general impression received by the consultants was that the department

is still developing its procedures and policies for graduate students

and that preoccupation with the design. and, construction of new facilities

has placed a number of academic matters temporarily on a lower priority.

9.5 . Cooperation with Other Departments,

The department cooperates with other efigieeering depardaents, with the

National Research Council, but feels'its-own chemistry department is
too 'pure' in its outlook. The Chemical Engineering Department feels,
it is self-sufficient with regard to major piecei.of equipment (along

with those at NRC), so that the laci'of-interaction is not considered
by them to be too serious. The teaching of the basic sciences to under-
graduate chemical engineers is done by the science departments.

.9,6 PhD Students

9.6.1 Numbers

The number of PhD students.at the University of-Ottawa has averaged 14

during the last five years. The departmibt-cartainly can handle a

vstudent body of thig size or even larger. It wishes to maintain this

size and has in the past resisted the taimptation to increase it, pre-
letting tomaintain better quality in students.

The department feels it has a special reeponsibility for the Ontario

franconhond community.

9.6*.2 Origins - .Inbreeding

The largest single group If doctoral students in this department during

the last five years was that of foreigi students who had obtained their

first degree in Aria. However, the number:of graduates from Canadian
universities has gradually increased and is now very close to-502.f 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, it is natural for any department

to try retaining its own. ,

9.6.3 Length of Studies and General Level of Satisfaction

The average time to complete doctoral studies from registration 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 pdor facilitiei available until

recently. '

Only .a few students were interviewA.. They were generally quite satis-

fied with all aspects of their life, with the doubtful exception of one

6
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student concerning the advisor's availability. Those students that were
interviewed seemed satisfied that this department was a.good,place for
doctoral studies.

9.7 Facilities and Service

The department is housed in a new'building with modern 4011-equiped labor-
atories containing capital equipment of the order of $500,000 which has
been. installed within the last few years.

9.8 'Supporting Services

the computer, library and workshops were found to be excellent.

9.9 Financial Support

Graduate students are supported financially at a minimum of $3,800, a
maximum of $2,400 coming from a teaching assistantship, ttte remainder
from a research grant.

In the 'Combined =steer; and PhD programmes, between 1968-69 and 1972-73,
28% of the students obtained major scholarships'(greaser than $2,500).

1.10 Employment

All PhD graduates since 1969 were able to obtain positioneor post-.
.doctoral fellowships as shown in the following table.

Employer

Table 9.10

First position held
Summary for 1968-69 to 1972-73

Ont. Rest 'of USA Home Other Unknown
Canada Country

University

Industry 3

GoVernment

Community College
or High School 1

Fellowship 5 1

Research (other
than Fellowship)

Other

Unemployed

Unknown
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9.11 Graduate School

The School of graduate Studies at Ottawa has more than minimal involve-

ment in graduate programmes. Membership of professors in graduate studies

is 'open to all' on recommendation of department chairmen. New graduate.

courses are reviewed by feiculty councils for both the natural and social

sciences. Significantly, the costs of new courses are now being criti-

cally examined. Theses examiners are appointed by the graduate school

as is thecase at all other universities visited.

9.12 University Administration

The understanding by the administration of the need and importance of

graduate studies in a university was clearlyenunciated by 'the Rector.

The consultants received the strong and comforting feeling that the

lector, the leans of Engineering and of fraduate Studies all have a deep

tmareness and conviction that unless graduate studies at the PhD level

continue to be. strong and viable, the university' could he seriously

damaged and its responsibility to enhance And improve society would he

difficult to fulfil.

ni



10. QUEEN'S UNIVERSITY

10.1 Faculty

/10.1.1 Quality

All members of the staff at Queen's are academically well.qualified and
hive 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 is
great diversity in the universities where they were awarded: ten mni-
virilties are represented from Canada, Great Britain and the United States.
This variety should be a positive factorbagain, bringing different schools
of thought,. types of training and experience to enrich the departmental
intellectual climate.

It seems however, that the department has developed interest in a PhD
programme rather recently end because of special efforts of the previous.
and present chairman. Possibly because of the previous lack of phypical
facilities, it does not appear to have gathered the same momentum as:in
other universities during thd expansion years. 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. .A11 have past or present experience in
supervising at the master's level.

A little over half of the staff has had experience outside the university
and the aggregate average for the department is about three years.

10.1.2 Discipline Background.

Eight faculty members hold this first' degree-in chemical etgineering.
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 been,awarded in the department in the last five
'mart.. No newadditions to the staff have been made for'four rooms and
the nuiber of full-time doctoral students has remained rather small.

The publies:ion records of two of the professors are very good; it is
about average for approximately five others and low for the rest of the
department.

The data provided to the consultants indicate that the average NRC/DRB/
MRC operating grants per faculty member receiving grants were well beloW.
the Ontario and Canadian average for the discipline,in 1972-73. Eighty-
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three-percent.of the staff members. received such grants in 1972-73.: There
is no other external source of research funds.

10.1.4 External Involvement.

With one or two notable exceptions, faculty are only mildly active in .

laprofessionai or scientific societies. There is however, good.particir
nation in university affairs. '.

A deep interest and activity in Kingston's waste disposal problems should
also be noted.

10.2 Research Programmes: Classification. Scope and Coordination

This department defines 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 chemical
.

engineering. This brings a rather uniform distribution of the efforts
under the nine headings of Table 6.14. There does not semato.be a defi-
nite policy for tightergtouping in the future.

10.3 Departmental Goals and Evaluation

The Chemical Engineering Department at Queen's has clearly 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 student body and faculty appears to be approaching equi-

; librium.

In general, the. department plans "continued development of. the course-
work and seminar aspects of the programme, and pursuit of research in the
five areas in which the staff of the department are currently active".

The department hab Attempted to make a realistic estimate of its capacity
to supervise PhD candidates, and arrived at a capability ranging from 24
to 38 PhD candidates. However, based on' consideration of factors sucKas
enrolment' patterns, climate for dOctoral work in Ontario, changing int-
erests of graduate students, employment prospects for PhDs and other
fsetots which influence prospective doctoral students, the department
estimates an annual enrolment during the next five years .of from 10to 15
PhD candidates.

The Chemical Engineering Department. goals 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 othir department's, and without 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 responsive to the
prevailing needs of the province:

10.4 Departmental. Policies
IAD

10.4.1 Operations

"hr Department of Chemical Engineering has done an excellent job in setting
forth its procedures and poliCies on graduate studies for the information
of the students. A 23 -page departmental document outlines in detail most of
the'information which& 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,

10.4.2 Admissions

The admissions procedures and policies at Queen's are of standatd quality
and in general reflect a goal to maintain scholastic excellence in the
graduate programme. No deficiencies were evident.

,4.3 Examination Procedures

:he department has developed an excellent set of procedures for evaluating
the qualifications of a student who seeks the PhD degree. The required
:nmprehensive examination is well conceived and eminently faii to the
student.'

The thesis examination follows the traditional practices of the province
and involves an external thesis examiner:'

in general the examination procedures.at Queen's can be considered to be

1(1.5 Cooperation with Other.Departments

.:00d.cooleation exists between the Chemical Engineering Department, the
nrious other engineering departments and science departments, e.g., =dlr.
',mattes, biology - but not with chemistry or physics. The teaching of the
basic sciences to the undergraduate Chemical engineers is done by the'rele-
int science department.
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The number of PhD students at Queen's has averaged 10 over the past five

years. The depirtment could handle a fev more students. It wishes to

expand and it claims that its capability is double that of the expected

student body of 10-15 for the next few years.

10.6.2 Origins -'Inbreeding

Queen's is one of the rare Ontario departments that has maintained a
majority of Canadian doctoral students in the. department. This '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 of Studies and General Level of Satisfaction

The average time to complete doctoral studies from registration. in the

gliduate school to the granting of the degree seats to be 5.5 years.

The group of PhD students met,at Queen's gave a good impression of dedi-

cated young people who knew what their aims were. They were generally

quite satisfied 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 department is housed in a new building with. excellent laboratories,

office space and services.

10.8. Supporting Services

Ancillary services such as computing, library, machine shops were found' .

'to range from very, good to excellent.

10.9 Financial Support

Of the master's and PhD. students, 482 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 were able to obtain positions or post-doctoral

fellowships as shown in the following table.
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Table 10.10

First position held
Summary for 1969-70-to 1972-73

- ,

%Employer Ont. Rest of USA Home Other, Unknown
Canada Country

University

Industry

Govv.rnment

Community College
or High School

Fellowship

Research (other
than Fellowship)

Other

Unemployed

UnknoWn

1

1

10.11 Graduate School

The graduate school's policies are similar to those of the graduate schools
of other Ontdiio universities. Its principal functions, as far as depart=
ments are concerned, are to establish minimum Academic standards for ad,
mission, review applicationsof prospective graduate students, and to
appoint committees for PhD theses examinanions.

10.12 University Administration

The recent acquisition 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

Faculty .

11.1.1 Quality.

Members of the staff,at Toronto are academically well qualified and have..'
a.PhD degree, save for. four more senior members. About half of the ficulty
hold a degree from the University 'of Toronto, either at the bachelors
or the PhD level. For the higher degree, about fifteen universities in. .

Canada, the U.S.A., Great Britain and Australii 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 staff members have had experienceOutside
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 doctoral programme
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. Nearly
all faculty have past or present experience.in supervising at the master's
level.

The age distribution in the department is probably the closest.to Gaussian
that can be found and this is, of course, helpedby the size of the .

department.

The department seems to keep very good contacts with induitry through insti-
tu iohalized or individual consulting.

11.1.2\ Discipline Background

It mustim realized that this department.is one of Chemical Engineering
and Applied Chemistry. This renders the situation much more complex than
elsewheri.\\Seventeen members of the staff hold a bachelor's ...:agree in
chemical engineering, six others were in chemistry and the rest is split
among metallurgical engineering (2), engineering physics'(2), civil eng-
ineering, mechieical engineering and physiCs. At the. doctoral level, only
thirteen degrees\are in chemical engineering while nine .are in chemistry;.
theremainder-are\in ceramicso.physits,.compositematerials and polymers.

\.

11.1.3 Research Preductiiity,

Fifty-two PhD degrees have been awarded in the department during the last
five years. This is by far the largest output of any chemical engineering
department in 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 beat in Ontarid. The number of patents
held by staff members is quite impressive by Canadian standards:



The data proVided to the consultants indicate that the average NRC/DRIS/
MRC operating grants per faculty member receiving granti were the higheit
in Ontario and probably. in Canada for the discipline in 1972-73. Eighty
percent of the staff received such granti 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. Acientific
societies. Furthermore, the location of the department of Toronto makes
it much easier to keep contact with industry through the large number of
alumni.

Consulting.by staff members seems to play an important role in their total
activities but .the department denies that it has any detrimental effect on
purely academic endeavours..

11.2 Research Pro rennet. Classification Sco e .and Coordinat on

Without making a policy of grouping staff members in given areas of
specialization, the department has,-for.its own-use, eight categories
to classify its research activities:.

1) .Applied Physical Chemistry;
2) Chemical Kinetics and Reactor Design;
3) Corrosion and Electrochemistry;
4) Nuclear Frgineering;
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
activities, but otherwise, the individual is completely free to select
his own path.

11.3 Departmental Coals and Evaluation

The University of Toronto has expressed 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 objectives.
The statement of goals was rhetorically entertaining, but.not Convincing.



On Oebasis of the consultants discussions with the department chair -

man,s-it became apparent that the department's geals and philosophy were

motivated and determined by a strong entrepreneur syndrome. This imme

underscored, in the discussion about the Chemical Engineering Research
.Consultants Limited (CERCL) which has been establishedby department
members. Theophilosophy of the department clearly stresses innova-
tions, inventions, and the creationof 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 iducation.atthe PhD level. Another viewsis

that.the faculty can become so 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 result, the con-

sultants believe that vise departmental leadership can ensure a proper .

balance between the academic responsibilities of the faculty members

and theirentrepreneuriatgoals.

11.4 Departmental Policies

The policiei of the Chemical.Engineering Department at Toronto in many

respects have unique characteristics.. Probably thebest description_of

the pqlicies would be that they are 'real...iorld oriented'. The philo-

-sophy behind -this- orientation was the subject of cdheiderable discussion,
but the short time available for the consultants' visit may not have

revealed the full depth andliplications of the departmental. philosophy.

11.4.1 Operations
0

The department'soperations 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 department should fieve'real world involvement, and

that older faculty should help younger faculty'gain experience. The

corporation, knowi as Chbmical Engineering-Ressarch,Consultants Limited
(CERCL),'has started 25 research programmes in small industries. There,

is much to.be said for this philosophy, bothpro 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 realworld'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-

uatefdllowships and support; Generally, the individual is in this

position for three or four years. Admissions procedures are substantially

the same aq in other chemical engineering departments in the Proitince..
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11.4.3 Examination Procedures

Examination procedures 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, when the department
decides whether he is eligible to proceed for the PhD. The thesis exami-
nation involves both faculty from Toronto and an outside thesis reviewer
and examiner. .

Coo aration 'with Other Departments --7.

The department 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 is
extremely varied, very little evidence of intim-departmental cooperatioW
is visible. Practically none comefrom the chemistry and physics depart-
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

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 students for every faculty
member who has in the past been directing such studonts or who presently'is.
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 hand,' the department wishes to have as many students's@ it
feels the market can absorb.

11.6.2 Origins - Inbreeding

The department has managed to keep among its PhD students a ratio of three
graduates trom Canadiap 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
1972-71) 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 pioportion of bachelor's from
Toronto.

More mobility among Ontario graduate students would'benefit departments
and students alike. The present situation aetoronto is a potential source
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of'diagerous inbreeding.

11.6.3 Length of Studies and General Level of Satisfaction

The average time to complete doctoral studies from registration in.the.
graduate schOol.to the granting of the degree is of the order of 5.5

.years.

This department is the only one Where serious complaints were heard from
-'--10h13 students. 'While they still think that their decision to take their
PhD at Toronto was a good one, they are most unhappy about cbrtain depart-
mental attitudes and support services,.

Some students claim, rightly or wuNgly, that consulting takes so-much of
their advisor's time that they have difficulty in seeing him as such as they
would need. Students criticise the department's apathy in organising ectivi-
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 who register in the course master's programme and thus

.given in the evening.

One universal source .of discontent is the poor quality of the services
obtained from the engineering library and to a somewhat ledser degree from
the departmental machine shop and stores. Many studeits go regularly to a
'municipal library to read chemical engineering technical, journals.

11.7 Facilities and Services

The Chemical engineering building is now undergoing extensive modernise-
rion and shove promise of being converted to a first-class building. The
type and quality of instrumentation are evidence of a mature, well-financed
department.

11.8 Supporting Services

By contrast, some of thysupporting services range from mediocre to very
poor., The computer fa'ilities are excellent. However,, complaints regard-
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 resulteein long absences of
journals, books, etc.. The students complained of 11'4-6 month backlog
in the badly-overloaded 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 ILaseware and ancient
bottles of chemicals.' A major effort is. needed in the area if this facil-
ity is to be useful.
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11.9 Financial Support
'

Of -the master's and PhD students (1968-1973), 452 were supported by major .

.scholarships (greater than $2,500). The remainder received an average of.
$4,160, of which $3,360 came from the research grants and $800 for services
as teaching assistants.

11.10 Employment .

No .unemployment problem exists' .for graduates of this dopartient which
produces the largest number of PhD chemical. engineers in Ontario.

Employment statistics for PhD graduates of this department for the period
1969-73 are shown in the following table.

Employer

Table 11.10

First position held
Summary for 1968-69 to 1972-73

Ont. Rest of USA 'Hoge Other Unknown
Canada Country

University

Industry

.Government

Cimmunity College.
or High School

Fellowship

Research (other
than Fellowship)

Other

Unemployed

Unknown

9

22

3

3

7

2 1

1

3

1
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11.11 Graduate School'
. .

In general, the graduate School at Toronto has about the same role as the
graduate schools of all other Ontario universities. Its influence is
primarily academic, with very few funds available .to support graduate'
activities of the departments. The consultantirfelt that inleniral the
chemical elgiheeting departmcnt was highly regarded by thegraduate school_
and ranked. high in comparison with other engineering departments.

11.12. University Admiuistration.

The university administration has just completed I study of.the problems
facing a university under a,steady-state situation. There was clearly .

some concern and some uncertainty about the affect 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 consulting
activities too early in their careers. In a discussion on .tenure policy;

it was pointed out that new policies now-being written will carry criteria
for outside consulting. Without exploring;the present tenure. practice in
depth, it appeared that tenure decisions.were latiely departmental in
nature, starting with a recommendation froica departmental committee, with
approvals going through the Dean, the graduate. school, and certain cognate
departments. The consultants were impreesed with the realistic views of
the Vice - President. and Provost and his apparent insight into the chemical

%-.
engineering department's activities. .-._
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,12. UNIVERSITY OF WATERLOO

12.1 Faculty

12.1.! quality.

All members of the Chemical Engineering Department at this .university are
academically well qualified and have a rhD 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.,
Great Britain, Germany and the Netherlands. This is certainly an extreme-
ly important factor in. enriching the collective way of thought and methods
of training students in the department.

Although the quality of researchers is by no means uniform, there is .a
large group of very productive people and there is an excellent-spirit
of cooperation among the staff, providing a stimulating milieu for stu-
dents.

The. age distiibution of the staff is almost Gaussian, ranging from 29 to
53 years, which makes it a rather young group. Eighteen faculty members
have had experience outside the university world, mostly in industry and
the aggregate average for the whole department is four years.

Seventeen members of the staff have records of PhD theses successfully
completed under their direction and four others are presently engaged.
in their first experience. 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 othgx than
chemical engineering: four in chemistry, asd two is metallurgy. At
the doctoral level, eighteen were in chemical engineering, six in
chemistry, two in metallurgy and one each incontrols and statistics.

It must be remembered that/this department teaches more undergraduate
chemistry than is usual for a chemical engineering-department.

12.1.3 Research Productivity

. ,Thirty-six PhD degreed have been awarded in the department 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
.group.

The data provided to the consultants indicate that the average NRC /DRB/
MRC operating 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. Eighty-two percept of the staff
received such grants in 1972-73,Amt there was no single very large (above
$20,000) grant.

A large number of faculty members also receive sizeable grants from. other
agencies. Availability of research money is then.not the limiting factor

. .in PhD output.

12.1.4 External Involvement

Here again, a large depaftment presents varying degrees of involvement in:;
university, civic, professional and scientific societies. Waterloo is well
located in an industrial area, allowing easier contacts with industry.

. A moderate amount of consulting brings in some new ideas for research.

12.2 Research Programmes: Classification, Scope and Coordination

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 Analyst! and Control;
5) Transport Processes and Kinetics.

Here again, the scope ie generally rather wide so that a large sector of
Chemical_engineering is covered. .

The groups exist to coordinate courses and to make more efficient the
acquisition of research equipment,. the use of space, the recruiting of
students, etc. As new staff joined the department, it.became natural for
them to join one of the groups.

This classification corresponds generally to that found in Table 6.14.

12.3 .Departmental *Goals 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 itudent
enrolment (our '1972 first year, undergraduate enrolment was 402 higher
than in 1971 which,, in turn, was 302 lower than 1970) ..." makes planning
"...slightly less meaningful than King Canute's effort at controlling the
ocean".

As a result of the concern expressed above, the department's goal is set
forth by the following statement of the department: "In such an atmo-.
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sphere of uncertainty and 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 environment in which
high quality research is directed by'strongly motivated faculty".

In spite of.the rather diffuse statement of goals by the department, itivas.
clear, as in the case of other chemical engineering departments, that
Waterloo has endeavoured to group its research activities under five tate-
gories;.a sixth group in Environmental Engineering is in an embryonic state
.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.

12.4. Departmental Policies

Departmental 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 term.
At any one time, on and off campus, there are from 400 *500 undergraduate
students in the department. At the graduate level, five major groupings
are identified which reflect existing research interests of the staff. How-,
ever,'not every faculty.member can supervise PhD students.

12.4.2 Admissions

Admission practices again are somewhat the .same 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 already have this degree. This policy undoubtedly could
result in a longer than necessary time spent in graduate 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 terms, his situation is scrutinized by the graduate
school to determine the cause.

12.4.3 Examination Procedukis

The principal examination 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
examinations again follow the usual pattern of a combination of depart-
mentaland university faculty plus an outside or external thesis examiner.
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12.5 Cooperation.with Other Departments

Cooperation seems to be very good with other engineering depastmenta, but
no,cross-fertilisation with physics 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 under-
graduate engineers in part by the chemistry department.

12.6 PhD Students
o

12.6.1 Numbers

The number of PhL students 4 the University of Waterloo has averaged
thirty-nine over thi last Mit years. The department believes that these
numbers will decline in the immediate future as fever students 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 students, but will strive
to maintal lr improve present quality.

. 12.6.2 Origins - Intreedints

During the period 1968-73, the proportion of full-time Canadian 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 numbers of students from
Asia and the Middle East. The department has had average success - by
Canadian standards -.in attracting students froi 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
tendency to take up permanent employment immediately upon graduation..

12.6.3 Length Of Studies 'and General Level of Satisfaction

This university was the first to; be visited by the consultants as a group
and out of inexperience, they did not request a meeting alone with students.
Theoe were met individually, in presence of their supervisors so that the
views expressed were probably.less candid than elsewhere. At any rate, the
students allseem to be well satisfied with, their environment, and also
with support facilities of all kinds.

The average time to complete doctoral studies from registration in the
graduate school to the granting of.the degree seems ^%-, be somewhat shorter,
than in most other departments at 4.5-5 years.

12.7. Facilities and Services

The department is housed in a new building with excellent facilities and
,laboratories. The equipment however, is all small scale, falling almoit
entirely into.the 'engineering science'. category, rather than in the
.'engineering' one.
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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 1.41e voiced that great lacunae existed in the biological and bio-
medical science areas (needed for those in the area of bio-engineering)..
.Complaints were also voiced about the inordinately long time it tu4k for
inter- library,loans to arrive.

12.9 Financial Support

Graduate students, receive a minim/Is of $4,500 per year. Of this amount,
$3,300 is from a research grant (typically NRC) and $1,200 from the depart-
ment for services rendered ae teaching assistants.

12.10 Employment

Data re employment of PhD students (1969-1973) are shown in the following
table.

Employer

Table'12.10

First position held
Summary for 1968-69 to 1972-73

Ont. Rest of USA Home Other. Unknown
Canada Country

University

Industry

Government

-Community College
or High School

Fellowship

Research (other
than Fellowship)

Other

. Unemployed

Unknown.

2 2 1

7 1

2

1

4 2

3

1,

5

1 2

12.11 Graduate School

At Waterloo, there is no graduate se4O1 or Faculty of Graduate Studies
as such. However, there is. an office with a Dean of Graduate Studies who
chairs a graduate council. The main function of the latter was stated to
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be the screening of PhD thesis committees and eitirnal examiners. Only
informal ties.exist between the graduate council and the departments of
the university, which is.more or less the normal state of affairs in
most of the Ontario universities.

12.12 University Administration

No direct discussions were held with individuals-it the .top administrative
level so that it is not appropriate for the consultants to comment on

. administration attitudes in the case. of. Waterloo.
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13. UNIVERSITY OF WESTERN ONTARIO

13.1 Faculty

13.1.1 Quality

All members of the chemical engineering group are academically well -
fled 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'vere
awarded: 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 bringing enrichment to therintelliCtualife of the
groUp.

The latter is remarkable for its cohesiveness, its enthusiasm and its
ability to take courageous policy decisions.

The age distribution is somewhat. unusual. All are.in the 43-49 age bracket
except foi two younger and one older staff members. It is'a mature group,
with varied experiences of doctoral programmes.

.

All-members but'one have had some experience outside the university world,
either in industry or in government; the aggregate average for the groUp
is oversix years.

Five memberi of.the staff have records of PhD theses successfully completed
under their direction and the five others are presentlyengaged in their
first experience4at this level. All have experience of supervising at the
master's level.

Great effbrts have been made with good success to reinforcetheir group
during thelast decade.

13.1.2 Discipline Background

_ Two staff members hold their first degree in disciplines other than chemi-
cal engineering: one'in chemistry and the other in bacteriology.

At the doctoral level, two were in chemistry, one in biochemistry, one in
microbiology and the others in chemical engineering.

The name of the group in fact is Chemical and Biochemical Engineering.

13.1.3 Research Productivity

Only three PhD degrees 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 average MRC/DRI/

MRC operating grant per faculty member receiving grants was slightly

above Ontario and Canadian averages for 1972-73. Threequarteri of the

staff only received such grants in 1972-73.
,

Some staff members also get research money from other agencies and from

industry.

13.1.4 External Involvement

Many staff members are active in university affairs and a few are quite
active in professional and scientific societies. Only a moderate amount

of consulting is done.

13.2 Research Pro ramose: Classification Sco e and Coordination

As a consequence of a policy 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;
2) Fluid-Particle Systems and Fluidiiation;
3) Environmental studies; ,

4) Systems Engineering.'

Table 6.14 shows, by the blankslleft in the Western Ontario column, how
selective this process was in comparison to the choice of other univer-

sities.

The increased emphasis on environmental studies is a consequence of the
faculty's decision to follow the recommendations of the !Ins of Iron
report.

-13.3 Departmental Goals and Evaluation,

The goals of the Chemical Engi-tering Groisp 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
desirable goal for the faculty and for the Province. In general,-the re-.
search programmes sad the respective goals appear to have a large metsure
of relevance in 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 appear that the, goals of the group have excellent prospects of
,producing PhDs with a strong fundamental understanding of basic chemical'
engineering coupled with toad perspective on the applications of this
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basic knowledge to important problems of industry and the government.
Furthermore, these-interdiiciplinary activities are very such in the
direction, as_neceisary,.for improving the.interaction-Of technology
with social problems. Under the leadership of the Dean of the faculty,
'who is also4 member of the group,. the goalof developing a Centre for
Systems Analysii Control and Design should makit.thel especially. .strons
in this much needed and essential area. The engineer in the next three
decades must be well grounded in the concepts of syitems, not only tech-
nical but sociotechnical.

13.4 Departmenta Policies .

13.4.1 Operations,

Operations aresimilar to those of most of the chemical engineering de-
partments of the Province; namely, the presence of a group structure based
on classical engineering disciplines. Thii. categorisation or identifi-
cation of research areas is probably convenient,,burthe group emphasised
that it is not intended to be restrictive and encourages faculty members
to enter.into cooperative research with other groups and other faculties.

The group is effectively directed by a Chairmar with administrative assis-
tance from hisstaff. The procedures for handling the faculty needs are
Carried out effectively and with a minimum of red tape.

13.4.2 Admissions

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 tosnsure 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
students and.making decisions on maintaining a desirable balance between
Cana an and foreign students.

13.4.3 Examination Procedures

PhD candidates are required to satisfy faculty standards through the usual
system of examinations, which appear to be adequate tests of student accom-
plishment and quality. As in other cases, the thesis examination includes
.an external examiner selected by the graduate school.

The department encourages post-doctoral fellowship Appointments, and currently
has from six to eight in the department. Such appointments give strength to
the research programmes.-

13.5. Cooperation with Other Departments

The Faculty of Engineering Science is vot set up on a departmental structure,
so that it is difficult to assess the contacts of the chemical engineers
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with the otherengineering disciplines. Individual chemical engineers

seemed to have good contact wi4h other engineers it the.Faculty. .Vir-
tually no contact at all occurs.between the chemical engineers 4id chem-

ists.. The teaching of basic chemistry to undergraduate eagineqrs, however,

is done .by the chemistry department.

13.6 PhD'Students

13.6.1 Numbers

The number of PhD students atWestern Ontario has averaged fourteen over
'the last five years. In contrast with many other departments, this num-

.

ber has been steadily growing from nine to twenty.

The group is not too keen on large. increases for the immediate future; it
would accept one additional student each year or every second year.'

13;6.2 Origins - Inbreedint-
.

The University of Western Ontario has
(with McMaster) in attracting a large
Canadian universities. This may have
specialisation in bio-engineering and
students have, however,Ipmen in large

been one 'of the most successful
proportion of graduates from other
been due in a large measure to its
environmental studies. Tomtit*
majority, as compared to Canadians. .

13.6.3 Length of Studies and General Level of Satisfaction

The-numbers involved are too small to allow -a meaningful calculation of
the duration of doctoral. studies.

The PhD students are quite satisfied with all aspects of the working con-.
ditions in this group. The few sources of complaint that had existed 18
months ago during an. assessment made by. one of the consultants have appar-

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 area., e.g., biochemical engi-
neering, are housed in a so-called 'temporary' building. Every area seems
extremely well equiptd, not only with good laboratory equipment and instru-
mentation, but also on a macro level.

13.8 Supporting Services

The library, computer, and workshop facilities were all found to be extremely
good.

13.9 Financial Support

Only .72 of students (1969-1973 average) were supported by major scholar-
ships (value greater than $2,500 per annum). The others (from data

a
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Sup-plied by the department) received an average.of $6,000 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 graduates in 1968-69 and 1969-70, employment data
in the fallowing table refer only to 1971-1973.

Employer

Table 13.10

First position held
Summary for 1970-71 to 1972-73

Ont. Rest of USA Home Other Unknown.
Canada Country

University 1 1

Industry 1

Government

Community. College
or High School'

Fellowship

Research (other
thah Fellowship)

Other

Unemployed

Unknown'

13.11 Graduate School

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. In general, it appeared-that the faculty
has good relations with the departments and groups and is suplbrtive 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 programmes remain strong and that walk ones will be scrutinised

with considerable care.

V
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14. UNIVERSITY. OF WINDSOR

14.1 Faculty

,14.1.1 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 granted by three uni-
versities; one in Canada and Iwo in the U.S.A.

The Faculty of Applied Science has devised a scheme 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 meibers from other departments..'

The department takes graduate studies very seriously and in the summer of'.
1972 made a hard decision.to limit the number of students admitted to the
master's programme.

The age distribution in the group is very wide, ranging from 30 to 58.
Only three 'staff members have had experience outside the university ble
nevertheless the aggregate average for the department is about three-Yars.

Four members of the staff have.records of.PhD theses successfully completed
under their' direction. All but the youngest one have a very good experience
of supervimmion at the master's level.

14.1.2 Discipline Background 1

All department members hold their first degree and doctoratei in chemical
engineering.

14.1.3 Research Productivity "

Six PhD degrees have been awarded in this department, during the last five
years.

Three fitplty members have ,good publication records, but the remainder-1i
fair or belor, verage.

The data provided to the coneultants indicate that the average NRC/DRB/MRC
operating grants per faculty.member receiving 'grants were'well below Ontario
and Canadian averages for 1972-73. Five etaff members received such grants ,
in 1972-73.

,

In addition, two profesiors share sizeable grants from other agencies. .
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14.1.4 External Involvement

Most faculty members have been or still are very active in scientific and
professional societies. A fair amount of consulting with industry is re-
ported; it is probably h althful for a department-of-this size. .

I.

14.2 Research Progra s: Classification., Scope and Coordination

In 1971, the Faculty of Applied Science decided that the research efforts'
should be reorganized to bring together around a research theme faculty
members from various departments but with parallel research interests so
that the teams could be stronger and thus provide the students with a more
stimulating environment. One such theine71.8,1,Engineering.Process Design'

and it so happens that chemical engineering research done at Windsor.falls
into that category under three headingel

1) Thermo-fluid research;
2) Environiental studies;
3) Chemical Process Design.

The transposition of this into traditional-*etories still results in
dispersion however, as is shown in. Table 6.14. This may simply indicate
that too much importance should not be attached to'classifying research
projects into rigid Categories.

14A Departmental Goali 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 eeven_undergraduate departments under
three graduate divisions of engineering process:design, structures
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 courses, and would determine the number and leitel of graduate
students a division wished to enrol. This-plan clearly indicates a rea-
listic effort to coordinate the graduate rlogrammes of its relatively small
Faculty of Applied Science and to produce interaction of the several engi- ,

peering disciplines. "Under this plan, the Chemical Engineering Depart-
mental members find themselves entirely within the 'Engineering Process
Design Division'."

The research plans of most 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 objective.

The interest in so-called 'social engineering' appeared to thl strofig on the
part of the department lhairman..
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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 Operations

In a small department, such as at Windsor, policies 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,
aomissions procedures.

14.4.2 Admissions .

Admissions procedures follow the usual pattern of processing letters of
inquiry, review of application forma, etc. Quality standards ere main-
tained in selecting graduate students.

14.4.3 Examination ftocedures

Examination procedures were found to be somewhat similar to those used
elsewhere, with some simplifications allowable because of 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. Difficulties with the structure were voiced since
obvious conflicts between the department and the division re authority,.
autonomy, etc., arise and await clearer dtfinition.' The teaching of basic
chemistry with the exception of a few courses, to the undergraduate chemical
engineers is done by the chemistry department.

14..6 PhD Students

14.6.1 Numbers

The number of PhD students has remained constant at five over the last
:ive years. The department would wishto.have one additional student
immediately.

14.6.2 Origins - Inbreeding

Even though the small numbers *tvolved do not justify the drawing of firm ,

conclusions, it appears that Windsor presently has a low power of attrac-
tion for students from othek 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. -

14$7 , Facilities and Services

Laboratories, offices and classrooms are adequate and meet the needs of
the department.

14.8 Supportint Services

Supporting services such as workshops, library, computer facilities were
found to be very good.

14.9 Financial Support

PhD students' receive up to $4,620 per year,' made up as payment for teaching
assistantships and support from research grants.

14.10, Employment

All PhD graduates since 1969 were able to obtain positions or post-doctoral
fellowships as.shown in the following table.

Employer

Table 14.10

First position hel.:
Summary for 1968-69 to 1972-73

Ont. Rest of USA' Home .0ther Unknown
Canada Country

University

Industry; 1

Government

Community College
or High School

Fellowship 2

Research (other
than Fellowship)

Other

Unemployed

Unknown
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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.

1.12 University Administration

There is obviously good rapport between the university administration and
the engineering departments. Much positive leadership is offered by the
top level of the administration:
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15.. CONCLUSIONS

The consultants for PhD programmes in chemical engineering spent approxi-
mately eleven days visiting the seven Ontario department of chemical oogi-
'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 forecasts, as they.would be of the departmental programmes reviewed.

Following are the essential conclusions on which the recommendations are
based:

1. Forecasts of manpower needs.are generally unreliable. The consul-
tants 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 their
own admission, are so nebulous, that it is impoisible to base firm
predictions on theie. Fof 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 `

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 consu/tants.concluded thaX 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
recognized that any quota established today deals with chemical
engineers produced in 1977-79 and it would take a very brave per-
son to predict`needi for that time with any pretense of accuracy
or precision.-

We do not subsCribe to the formula laid down in 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 unAergraduate 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-l-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 consultadts' minds that.if pressing
technological-sociological problems are to be sOlved, technology
will be essential.to their solution. Chemical engineering will be
a primary tool used in soliiing problems of the future, in the
fields of environment, energy, resource management, recycling, etc.

4. Although, the education ,af PhDs in chemical engineering in Ontario
is designed primarily to serve the needs 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 undergraduatei 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 other 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..

5. The consultants recognized that PhD programmes are among the high-
est cost programmes of higher educationand accordingly the con-
sultants are cognizant of the necessity to ensure that suchpro-
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 prograime. The case for this seemi to be self-
evident, even-if or considers only the impact of the scholarly
involvement of the staff member on the undergraduate teaching
function,.

There is some evidence that thenumber of department of chemical
engineering in Ontario is greater than called for by present needs.
Therefore, it is logical to conclude that the Ontario government
in friendly Cooperation with the universities should consider pro-
cedures to consolidate the present system.
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Preamble

t
The final report of the Chemical Engineering ACAP ConaUltants

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 setout in section 2.5. of the Consultants'"
report: Engineering* manpower predictions are indeed "precarious and
hazardous endeavours", it is "difficult to assess the .damage ...created
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
education possesses such a 'powerful potential for career opportunitiea in
a variety of fields that the questiqn 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, andis 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 eztions are important and that some PhD graduates cannot be
cateRorizedinto 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.

Recommendation 5

We agree with recommendation 5.as
the light, of section 2.5.

interpreted by the authors in
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Recommendation 6

. We agree with recommendation'6 and would welcome even stronger
measures.

Recommendation 7

Agreed.

Recommendation 8

Agreed.

Recommendation 9

The Chemical Engineering Discipline Group has an inforial 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 review 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 pimp agrees with this recommendation, with the understanding that
such steps should not.impair.the right of the student to attend the school
of his choice.

Recommendation 11

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.
If 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 thid is a matter which is outside the
area of special concern of the Discipline Group.

Recommendation 13

The group. strongly believes that the size.of a department is not an
effective indication of the quality of its PhDprogramme.

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 if-is 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 necessary
protection for the quality of PhD studies in Ontario.

Recommendation 14

We agree as a discipline group with the desirability of student_ mobility
within and outside of the.Ontario system.

Recommendations 15L 16 and 17

These recommendations deal with individual universities and have npt
received the detailed consideration of.a..1 discipline group. We dal,

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.

M. B. Bergougnou, University of Western Ontario
'C. M. Crowe, Chairman, McMaster University
J. Downie, Chaird6, Queen's University
B. Lu,.Chairman, University of Ottawa'
K. F. O'Driscoll, Chairman, University of Waterloo
R.. A. Stager, University of Windsor,
W. F. Graydon, Chairman, Universit(,of Toronto

'N



'APPENDIX. C

UNIVERSITY COMMENTS

Comments appear from-Carleton, McMaster, Ottawa, Queen's, Toronto, Waterloo,

Western Ontario and Windsor. (Carleton has no representative on the

Discipline Group.)

.



CARLETON UNIVERSITY

RESPONSE TO FOUR ACAP ASSESSMENTS ON ENGINEERING .

Introduction

Carleton takes the view that groups of disciplinesshould be

evaluated before a .clear picture of the situation within a single discipline

can be obtained. Reports on any one component considered in isolation could

-lead to an errorkous judgement and unwise and. precipitate action. Three

consultants' final assessment reports have now been received for engineering

disciplines in which Carleton is actively involved: Civil Engineering,

Electrical Engineering, and Mechanical and Aeronautical Engineering. A.

fourth report deals with Metallurgical and Materials Engineering, of less

direct ccacern to Carleton, while a fifth report, not yet received, will deal.

with Chemical Engineering, a discipline not represented at Carleton.

This rcponse will address itself to the four reports which have

been received and examined to date. We may wish to add further comments

when the fifth report ha9 been studied.

We sense a .good deal of unanimity on a number of fundamental

question.: among the fifteen consultants involved in the four reports so. far

received, a communality of.viewpoint which we share and endorse.: We believe

that Engineering has been most fortunate to having the'aaaessments carried

out by a group of consultants whose international stature, valued judgement

and perspeCtive give authority and credibility to their studies and

reports.: In general then we accept their findings and Subscribe to their

recommendations with only a few exceptions to be noted later.

In this response we.shall'cleal first with those matters which we

believe to be basic and general in 'nature and leave until the 'end our views

on specific points raised in individual reports.
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Matters of a Fundamental or General NatUre

1) Control of Student Numbers:

The four reports are..unanimbus in their opinion that previous

'estimates of the demand for engineers. with doctoral degrees, notably those

in the Lapp Report of 1970.and the.retiort for CEMC of 1973, have erred

Seriously on the low side. They point
:

out that there is no evidence of

difficulty in obt-iningjobs by students close to .graduation, nor do they

foresee difficulties in the future except for those which'normally occui in

highly specialized. areas.
.

The consultants reject. the notion of quotas. applied to departments

to control student numbers, in part because th demand seems likely

to exceed the supply than the reverse, making quotas unnecessary, but in the

main because they feel that other means of control are to be,preferred. The

I.

report on Electrical Engineering puts it this way: "The number of desctorates

granted in electrical.engineering (should) be determined by:

(i) availability 'of qualified students

(ii) maintenance of.adequate standards by the universities, and

(iii) the existing eapacity.(Wf and facilities)-of 'the universities .

fOr giving adequate training." The' Mechanical consultants refer to emerging

natural controls and go on to saw "Wevould wish the resources of the

present system, which are predi J principally'Onundergraduate requirements,

the market demands,'the quality of the prograrmne and the good judgement of.

the. departments to determine the total number within the system."

,Carleton subscribes fully to these views. We believe that rather

than through 'centrally imposed quotas or limitations the universities
.

individually should control nn4Prs by restricting admission to students

showing high promise and by maintaining'adquate standards. The latter

together with the market demand will provide an adequate control. We would

be prepared to support the development and adoption:of an cvaluatien scheme,

such as the scholastic index.used'at Carleton, which can be applied across

all disciplines and which could be used in the monitoring of' admission'itandards.

which believe should be a matter between a university and OCCS. 1.,1e believe,

Jr



however, that the interpretation of these standards -for individual student .

cases should be left to the informed judgement .of the-university concerned.
. +.10.

2) Duality of .xisting Programmes, Suggestions .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. TheCivil consultants point out that "the system provides a

good quality coverage of the field and specialties without undue overlap on a

regionill basis." Comments on individual universities draw attention to

departures from the norm In both directions.

A common theme running.through the reports is the need for greater

flexibility in the.futurc. The Metallurgical and 11.aterinls consultants state

it this way: "As Canadian industry becomes4lorp sophisticated and has to

rely on more advanced technologies, it will have to learn how to fully

utiliie thivalenta and skills of Ph.D, graduates andthe universities will

have to learn how to develop Ph.D. programmes which produce imaginati4e

engineers Taiable'of responding to these ne47opportunities." These consultants

els.° recommend that programmes he so. degned.as to permit graduates from

other specialties to change specialties as t-ly---commence Ph.D. work.

The consultants also show a degree of consistency regarding the

need to shift the emphasis in Ph.D. progranties-to meet the situation of the.

seventies. The Electrical consultants state it this way: "The educatioof

Ph.D. students in areas of.natiohal need is a more efficient use of resources

than is a random choice of fields followed by a period of retraining." To

relating it to their field, the Civil consultants state that there should be

"less stress on traditional areas, particularly structural engineering, and

more stress on multidisciplinary education, environmental engineering, and

transportation." The Mechanical consultants recommend a greater emphasis

on production engineering and design.

Close .contact between universitica_and industry is felt to be

important. by all the consultants and indiiidual_-Lniversities have been singled

out for commendation where this contact is 'regarded as exemplary while others

have been. asked to improve in this respect..

'Once again Carleton accepts the findings of the consultants on the

quality of the existing programmes and,their.views on the nature of. Ph.D.

programmes required for the immediate future. --We feel that we have already
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mi.4.!.e.considerable progress toward achieving the desirable.objectives sett

out by the consultants and that we have received adequate recognition for

this in thcif reports..

3) Cr-Idea/1 Size:

The Engineering consultanti are far less concerned about the concept

of 'critical 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 Engindering 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 Mechanical consultants take the strongest stand against the notion

of critical size. While 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 adapting to change" and further that "the groups in the

smaller-departments of Len displayed an original point of view and,a willingness

to adapt to change that was not apparent in the larger and longer established

departments." They found.more cross linkages between departments and a

greater. tendency to establish outside .contacte with government and industry

in the smaller faculties. They conclude: "In our view no creative group,

and no. capable individual within such a group should 1)6 denied support

because it is small."- The.Civil consultants echo these views: "Size is

not a sufficient criterion for judging whether a school can offer a Ph.D.

programme" and'also "there, is no a priori reason why.a small school cannot

provide as satisfactory an environment 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 consultants relt that a desirable size for a'

department fell in: the range from 10 to 20 faculty with from 10 to 20

students carolled but expressed the vinv that "high standards of excelledce

%Atli mphacis on quality rather then euantity will pay off in the long run."

The Metallureical and Materials consVltants draw attention to the contrast.

between the Briich approach. to 1"..D. education centered around the thesis

and requiring only one gopd facul. . member and the Amerii..an view that a

department needs to be sufficiently large to provide a proper range of
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CG,:-SCS because of the importance given to course work in'the American

approach. The consultants themaelves took the position that Students Should

be taught by members b. the basic science departments as well as by

Engineering faculty members and that the critical size of the.core depends

a great deal on the strengths in related disciplines. The latter factor

seems to leave been ignored by some of the consultants who assessed the

non-Engineering disciplines.

As indicated above, Carleton is fully in agreement with the

position on critical size taken by the Engineering consultants and dues= not

support the Views of the Chemistry or Economics consultants nor. ACAr's views

on this matter.

4) Proportion of Foreirn Students:

All'four of the reports under review make reference to the enrolment

of foreign'students in the graduate programmes ai Ontario Universities.

. The Electrical consultants noted that the percentage of doctoral

students with first degrees from.Canadian universities was consistently in

the range.from 47 .to 51 over the past five years. They believe an.ideal

mix should involve' students with a variety of backgrounds coming from various

universities and should include some students from foreign countries. The .

latter they feel should be in the minority and'they suggest 25% as an

appropriate proportion. .The Civil. consultants 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 that the percentage was much higher for

part-time students and suggested that part-time studies should be encouraged.

The Mechanical consultants, while noting a similar proportion of

non-Canadian first degree students to those mentioned above concluded that

we cannot count on. Canadian undergraduate schools to provide candidates. in

Sufficient numbers and that we must continue to rely on students from abroad.

The 'latter would likely decrease in 'number in the 'future doe to recent policy.

changes with respect to immigration and financial support for student S without

landed immigrant status. They suggest that support for such students should

come from appropriate federal agencies such as CIA.

The Metallurgical and Materials consultants find that "Canadian

Industry unable to till :its vacancies with Canadian graduates of Canadian,.
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origin has preferred to import graduates from British or Australian 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 universities.

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 foreip

.students Is usually expressed as one of controlling their number. We .believe

that the recent immigration and financial restrictions imposed on this group

Is likely to overshoot the mark and the problem in the future may Well be ,one

. of tio few rather than too many foreigr students: -Afore serious rroblem is

that of too few graduates of Canadian schools embarking on Ph.D._work:

Comments on Some Specific Matters

In this section we wish to deal with some specific issues raised in

Individual assessment reports.

1) Civil.Engineerinr
t Doctoral Planning A seesments:

. The references. to Carleton University hroughout this report arc .

generally favourable and on the whole we like the r conclusions and

recommendations. There are, however, one or two ioints we wish. to question.

In Recommendation.3 the consultants suggest "there is a case for

more consistent requirement of acceptance for Ph.D. students 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 evaluating students across

all disciplines, and that OCGS.might monitor standards of admission generally.

We do not see the need for an external person on acceptance committees but

continue, to support the position. that there should be external examiners on

thesis conduces.

We cannot accept the proposal in Recommendation 5 concerning the.

collapsing of the Ph.D. D.I.L0s.into the undergraduate B.I.U.'s although we

can support the objective. We believe that a major re-examination of the



formula for providing operating funds to the universities. is called for,

not just minor adjustmentato B.I.U. weightings.

We donot see the necessity for the further proliferation of degree

designations which would. result from the introduction of the Doctor of

Engineering Degree included in Recommendation.12. We support fully the

consultantp' concept of a range of possibilities for a doctoral thesis,

from the.mathematical.or theoretical at one.end to the design or application-

orientated at the other end,. but we believe.tha requirements.for.the Ph.D.

should be flexible enough to permit this as isthe case at Carleton.

2) Report on Doctoral Programmes in Electrical Engineering { Ontario

Universities.

For the purposes of assessment and. reporting, the consultants have

combined CarletoWs departments of Electronics and Materials.Engineering and

Systems Engineering under the discipline title of .'Electrical Engineeringc.i.

Their comments, conclusions and recommendations appry uniformly to our two

deprxtments, We regard thiS report AS a highly competent and 'thorough niece

of work. The analysis in the earlier Sections prior to the evaluation of

departments. gives to the Whole 4. degree of credibility that is probably. unique

in such reports.

Carleton. University has re.eived a uniformly favourable assessment

in Electrical Engineering: The'Ph.D. programmes in both departments are

considered to be "strong." The interaction of Carleton with laboratories

and firms in the Ottawa area.is described as a "model" while our programmeg,

are praised.as having "unusually high contemporary relevance."

We intend to pursue our proposed five-year plan for the graduate

programmein Electrical Engineering; we believe that our present organization

int&thetwo department6 of Electronics and Materials Engineering and

Systems Engineering is the most.appropriate and effective for our purposes and

intend to maintain this organization.

We .have noted the general recommendation that only students showing

high promise, for graduate work should he accepted into the Ph..D. programme.

We endorse this recommendation.
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We plan to aim .for the small growth in graduate student numbers

.proposed in the five-year plan, but note that in the consultants' view this

growth is modest. We shall allow ourselves to be responsive to the

applications which we receive from weli-qualified students.' We expect that

our growth will be limited to a natural and non-excessive rate by the limited

availability of good applicants.

We believe that it'is possible to-increase the scale and effectiveness

of our 'associations with laboratories and firMO in the OttaWa area and 'shall

endeavour to exploit further such interactions.
.

The recommendationthat greater use be made, of graduate courses giVen

at the University of Ottawa is accepted. The establishment of-a close. working''

relationship over the last tworyear period has made the sharingof course'
offerings and facilities a natural outcome which it is intended to exploit.

We accept the report of the ACAP consultants without reservation.
We consider ;the assessMent to have been fairly and thoroughly done and
believe Oi.at the report as 'a whole will be of considerable benefit to the

Electrical lIgineering profe6sion in'Ontario and Canada.

3) Report of the Mechanical Engineering Consultants:

We accept the ACAP consultants' report on Mechanical (andAeronautical)

Engineering without reservation. We consider it, to be a valuable, authoritative,
well reasoned document.. The report is thoroughly credible because of the
.competence and international stature of the consultant team and the excellent
overview they. provide.

.

We accept the consultants', argument that, because "the developing.
market could easily atsorb double the rate of output (presently about
30 Ph.D.'s/year in Ontario). during thenext.five years" and because of the
serious undersupply of qualified candidates, assigned quotas for the Ontario
syStem.would be meaningless.

We agree that adequate capacity and quality exists within the
department and that.decisions about specific research areas should be made

. .within the individual universities. We accept:the criticism that excessive
:effort has been devoted to "traditional and classical areas of research"-
and that our efforts should continue. to he re-directed towards-research more
pertinent to the practice of Mechanical and Aeronautic l] Engineering. We
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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 technoloo 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

'Possibility of establiihing an .industrial 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.. programme should

provide breadth by means of well balanced course work and depth. by means of

a thesis involving'substantial research on a specific and topical engineering

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 the
.

. reports generally quite acceptable and can endorse all theirlhajor conclusions

and recommendations. We regard the specific points on which we disagree with..

the consultants to.be minor in comparison to the aggregate of the issues on

which we agree.

G. R. Love .

November 12, 1973
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FURTHER/ COMMENT FROM CARLETON UNIVERSITY

ON THE

,ACAP ASSESSMENTS IN ENGINEERING

At the time of our'response the ACAP Assessments in
Engineering, the Chemical Engineering report was not available and,
while Chemical Engineering is not 'represented at Carleton, we held
open the option to add further comments.

Again, we find ourselves in general agreement with.this
fifth 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'eize in
rebuttal of the arbitrary.minimum suggested by the Chemical Engineering
.consultants. Carleton supports the view of the Electrical consultants
that quality outweighs quantity and the similar attitude of other
consultants.

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

TO

Ph.D. PLANNING ASSESSMENT IN CHEMICAL ENGINEERING

General

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 philosophy,, and a cogent overview
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 geneial 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 detailed 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. opei.ating grant policies, and

P

- continuation of research from the professor's own Ph.D. work.
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.10 would add two additional factors:

(i) mission-oriented problems have a deadline and requirea solution
much sooner than three years. The work must often by-pass
fundamental questions in the rush for a solution; .

(ii) apparatus for mission-oriented problems is often expessiv. e and
used only once. Most faculty members and Departments cannot
afford this.

In summary, mission - oriented work is commonly contractually funded, relatively short-
t.Irm and expensive and better done by postdoctoral fellows or other research associates who
rlo not face the Ph.D. requirements. There is a very important and exciting role to 'be
played by mission-oriented research as a seed for future longer-term Ph.D. studies to answer
-.r.e of the fundamental questions by-passed by the short -term solution. Thus we consider

fundeiglental engineering science research and mission-oriented research-to be complementary,
not exclusive of each other.

The consultants have given careful, attention 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 tothe real need for Ph.D. chemical engineers, we fully
support_t e consultants' view" that no valid conclusions can be drawn therefrom (p, A -7,\.
last paragraph, section 5.5, p. A-21, and section 7.2, p. A -42 ).

The consultants do not examine the fraction of the graduates of Canadian universitiei
which would be needed to maintain a reasonable proportion in the Canadian graduate
programs (section 6-8, p. A-271. A comparison of the required annual intake of new
graduate students with the annual Bachelor's graduands in Canada would show that existing
programs can be maintained at current levels only by accepting substantial numbers of
students from abroad. We 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 avoid.accepting too many students from any one country or language group. .

The emphasis of the consultants in their conclusions (on which they base their
--:--rnendotions) that special roles, e.g. in graduate education, should have a proper place

not be circumvented bya 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
:cdnsul tants have also concluded in a commendably straightforward fashion that the Ontario
system shows evidence of having more departments of Chemical Engineering than needs
pre5cribe..- Their rationale for this conclusion is well presented, and we would support

sujgestion that ihe Ontario 'universities should .give this matter the closest possible
consideration.
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Response to Specific- Recommendations

Recommendation I. We accept the concept that planning for the e elo ment of
Ph.D. programs in engineering must include at an initial stage separate mg for the
various individual branches including chemical engineering. However, 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 responsibilities could be lost. Allowanceniust
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 rA a
particular sector, which by tradition has been largely involved in a particular brandh of
engineering, 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 total approach to ensure that areas of joint or several interest are properly positioned.

RecomMendation 2. We definitely 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 deportment of Chemical Engineering. The allowance of on occasional
exception, and indeed theacceptance 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
against the poisibility 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,profession? We would really prefer the state,-
ment by the consultants on page A-1 that excellence in undergraduate engineering
education can be maintained only if strong graduate research programs exist.

Recommendation 4. Again, we concur in a broad sense since no time scale is indicated.
We appreciate and support the implication that many factors must reach a satisfactory level
before a good Ph.D. program can be mounted; and,we consider that this report does in its
totality give a relatively clear picture of what the consultants consider that level to be.

Recommendation 5. We agree and support strongly. We note further that the
acceptance in toto of the forecasts by departments (including the numeric interpretation by
the consultantslOTthe University of Toronto) is explicit recognition by the consultants of
the capabilities of each department for maintaining Ph.D. studies, subject presumably to a
size limitation as in recommendation 13. It would be aisumed, in our view, that the
implication is also present that modest upward revision of such forecasts is not precluded in
the future.

Recommendation 6. Again, we agree. 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 "entrepreneurship" so that it
is difficult to assess this recommendation. We wonder whether a university environment is
suited to developing entrepreneurship in the sense of undertaking new economic enterprises.
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A faculty member who has his own business will inevitably face conflicts between the
demands of that businessand those of'the university. Occasionally one or the other may
suffer. from:negfect,.

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
developed through dynamic leadership, demonstrated by professors in their respective research
programs'.

Recommendation 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 deterrent. 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 anew review structure for a system that 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 responsibility of departments and Faculties
within individual institutions. In the same 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 10. We fully agree 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.

Recommendation II. We would emphasize that it is our policy preciiely to support
the grouping and concerting of research. In our view, the most stimulating environment
ipr students requires that groups not be too rigidly delineated, since we'see real value in
interaction among faculty and students in different groups._ Indeed, we believe that groups
i'-tould be flexible and often overlapping so that new ways of combining areas of expertise
gill arise more easily.

Recommendation 12. The basis upon which our Department of Chemical Engineering
.vas built was that all members of faculty would participate fully both in graduate teaching
and research and in undergraduate teachillig. Indeed, we believe that 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 University policy is such that in individual cases for both promotion
considerations and salary review, special weight can be attached to the contributions to
teaching, os compared 'to those in research.

Recommendation 13. We would agree that a program with fewer than. ten 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 taken
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 postdoctoral fellowships. Thus
temporary suppression of a Ph.D. program would be irreversible unless great care is exercised.'

Recommendation 14. If the University of Toronto agrees 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 15 to 17. These concern other universities.

Responses to Comments on McMaster University (Sectio 8)

The consultants' evaluation of the Department of Chemical Engineering,. McMaster
University, provides a valued judgment of our efforts.

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.

McMaster University has an eitablished.sabbatical leave policy, of which every
member 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 engineert from industry: Members
of the Department have in the past spent time in industry, and we feel that these contacts
should be more strongly encouraged in the future. Furthermore, we have tried as much as
possible to rotate 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 faculty members and students from other disciplines as a means of stimulus.

There are some corrections of data and facts.we wish to record.

. Table 6.1.2, p. A-24:, Research funds.

It is unfortunate that the data listed for McMaster 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 Lorrecting the mistaken data thence extracted,
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and partly with the consultants not incorporating the correct data supplied to them in
. person during their visit to McMaster.

The correct data for McMaster for 1972-73 are:

Correct Shown in Table 6.1:2

N.R.C. Operating Grants $143,340
Computing Grants 13,300
.Equipment Grants 18,211.

174, 851

Other-'Canadian Granting Agencies
Dept. of Supply & Services -13,000

Polysar Ltd. 5,000
Ont. Dept. of Environment 4,238
Environment Canada .125,000

(Water Management)

147,238

$112,440
11=

CIO

112,440'

- f

,

Grand Total $322,089 $112,440.

Grand Total excluding N.R.C. computer and equipment grants: $290,578
Number of faculty members able to apply 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 giant per faculty member: $21,472 \i\ncluding all grants,

19,372 excluding N.R.C. equipment and
computer grants.

A-44 , paragraph 3, line I

In fact, three faculty members are over 43 years of age: Drs. Shemilt, Hodgins and
Anderson.

A-45 f paragraph 1 ,

The statement on oweroge.NRCIDRB/MRSgrants per faculty member may well be
.based on incorrect data since Table 6.1.2 contains the only explicit data shown but it
is certainly incorrect for McMaster.

Table 6.12, p. A-33

The entry for McMaster under "Staff Size" should be 15 instead of 14.

January, 1974
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_UNIVERSITY OF OTTAWA
%SD CUMINERLANO,ST MEET

OFFICE CF THE RECTOR

_December 21, 1973

. Dr. M.A. Preston,
Executive-Vice-Chairman.,

Advisory Committee on Academic.PlanhInic::
Ontario Council on Graduate Studiet
Council of Ontario Universities. ----

Dear Dr. Preston,

This is a response-- to -.your request for

comments on the A.C.A.P. report onAixaduat,a_studies in Chemical
Engineering. 7

and submit only
recommendations

Recommendatio

In general we _are pleased-with the report

the followitirtemmenta .tOnCerning specific
9 and 13 on page'A-10,-or.the report.

nA_:. We see more disadvantages than advantages
in the establishment of a Post-Entrance Acceptance Committee.
It could well lead to problems between different Chemical
Engineering Departments of Ontario. At the Universityof.
Ottawa the admission of all graduate students must be approved
by the Graduate School. Our lepartment 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.

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'
that. the number of students is of minor importance and that the
maintenanceo,a schOlarly research environment is essential.
Regular course work offerings at suitable levels, opportunities
of interaction between -various disciplines, provision of adequate
research facilities, motivations and interests of the staff
members, the presence If 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 atmosphere for the training of graduate students.

Yours sincerely,

Rofrauindon, 0.M.I.,
Rector.
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QUEEN'S UNIVERSITY
KINGSTON, ONTARIO

SCHOOL OF GRADUATE STUDIES Arb RESEARCH

Dr. M. A. Preston
Executive Vice-Chairman
Advisory Committee on Academic Planning
Council Of Ontario.Universitfes;
130 St. George Streq
Suite 8039
Toronto,Ontario M5S 2T4

Dear Mel,

January 14, 1974

11`

'Although late in doing so, I should like to submit Quo n s
resnonse to the ACAP Consultant'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 lan for it
as a. whole. On the other hand, the disciplines do welcome advice
on their indiidual situatibns.

---tilTwe-suppartrecommendations 2 to .8 inclusive.

c) In connection with recommendation 9 we comment as follows.
The Chemical Engineering Discipline Group has an informal agree
ment to r. lewadmissions .ammually. Th' is intended as a means
of c;,changing information, and as an o portunity to exercise moral
suasion by review and discussion wit n the.group. This we feel towit

prudent and practical. However, the extension to post facto
budget review is unlikely to be practical, given the Ontario system
of financing universities. It is unacceptable.

d) We agree with the intent of recommendation 10.

e) Cpncernfng recommendation 11 we agree tit it is stimulating for
. students and staff to have contact with others who have similar

interests. However we feel that the group of people 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 groupresearch within the department.

f) IV agree with the first part of recommendation 12 but would regard
any licensing procedure as quite undesirable. With respect to

4 7
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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 f011ows.
"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 combinationof teaching,
supervision, research, scholarship, professional service or
consultative work, and administration may vary from time to time
for ay.y individual 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 necessary to emphasize administration rather than research
for a period of time. Then the emphasis may be reversed, to the
benefit of the university and the staff member.

g) With respect to recommendation 13, this is clearly an.impotant orie
for the Queen's department since recommendation 16 refers to Qtieen's
University and specifically refers back to recommendation 13. It is

the intention and expectation of the' epartment that we will maintain
an average ambient population of at least 10 Ph.D. students of the,
required calibre. In the past we have insisted on the maintenance
of standards-i-and-will continue to- do so in the future. We have also
stressed the desirability of having a high proportion of Canadian_

students. This has resulted in a small graduate enrolment with a
slow rate 9f growth. However it has produced the quality and the
environment which we wished to achieve, and which we hope to maintain.
We hope'that any future review of a departments Ph.D. program will
continue to be concerned with the quality of the perfoimance, 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 preservation
of high standards.

Y. Comments on the Section on Queen's University (Section 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`future research activities will
be responsive to the prevailing 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 wehave not attracted an equal number of qualified students from other
Canadian Universities.. This is a general concern among Ontario Departments.

RM/mb,

Yours sincerely,

0

R. .McIntosh.

Dean.

SchoJ1 of Graduate Studies and Research

I
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UNIVERSITY OP TORONTO

School of Graduate Studies

or tct 011 THe DEAN

Dr. M. A. Preston,
Executive. ViceChairman,
Advisory Committee on Academic.. Planning,
Council of Ontario.Universities.,

.

130 St. George'Street, Suite 8039,'
'Toronto, M5S 2T4.

. Dear Dr.. Preston, .

Toronto 5, Canada

Januaky 3rd, 1974.

TheUniversity of Toronto finds the report of the consultants on
the Chemical Engineering. Planning Assessment to.be on the'wholi a useful-
.document. It is all the more regrettable, therefore, that. the report leaves
a number of unnecessary misapprehensions about the Department of Chemical
Engineering in this university and that the consultants contradict within the
ilpdfof the report some of their own recommendations..

:;
. .

.
Firstly, we wish to make the following response, to the recommendations

contained in the report (numbered.as on pp. A:r.-9-to A - 11

. 1. While we agree with this recommendation, we would note
here t4at eech 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 al a whole.

2. We agree.

3. We agree.

G. Again we agree, 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 inthe number of
Candidates starting the doctoral program now.

6. While it is deiirable.to increase the number of Canadian
Ph.D. candidates registered in Chemical Engineering, the
problem probably cannot be solved by. ordinary transferof
information. Efforts can be made in two directions;
firstly, through the development of professional contacts
between academics and potential Ph.D. employers in industry
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6. cont'd....

and government; secondly, back through.the education
system, perhaps as early as high school.

7. We endorse this recommendation and we believe that the
Department of Chemical Engineering of thiseuniversity
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. directing staff
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 use of this approach.

8. The standard seems unnecessarily low andt4e trust it will
not.be-taken to suggest we admit, students who. only meet
the minimumll level.

9. Although' a common standard of admission maybe desirable
in this case, we strongly oppote the imposition of financial
sanctions againSt institutions in the system., An earned:

. and known reputation of poor, quality wou3; terve as
. sufficient sanction.

10. We are agreed that mobility is often desirable and behe-
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.

11. 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 develoft--
ment of the doctoral student.

12. We agree.

13. 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.

14. 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,



'15. We agree with the reference to.iecommendation 11, subject
to. the conditions noted there. With regard to the
question of-seminars,me accept the need for.imprOvement
in 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 seminar format on a trial basis.

Graduate courses were widely discussed among 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 mndergraduate courses which may
also ba taken by graduate_studentiver a two-year'
period a total of 50-different graduate (excluding under-
graduate) term courses is available to the 45Iull-time
doctoral students in the departments Bicause of the
need to provide voursee,Jor part-time students, partt(t-
ularly 'in the M.Eng. and because of financial
constraints, some of theekcoursts are offered in the
evening. No doubt this ii sometimes inconvenient to
some persons, but there is Often no economic alternative

.if we 'are to meetOur,responsibilities to part-time
students. .

,
.

Within the bOdy of the report, reference is made to the engineering'

library. We agree this. is not as, good in its - chemical engineering holdings

as the municipal library, whiCh is the best .of its kind in Canada. Since

the municipal library is closer tcythe department than is the faculty library,
we see'no reason why students sh4uld not benefit from it. The consultants
recognise the problems created by relatively old housing and shop facilities
and that the_currint renovations should generally improve working conditions

for staff and students.

The consultants remark that little interdepartmental co-operation
is visible at this University. This is not borne out by evidence 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 Engineering.

Finally, vie 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 recommendation 7, which deplores the'.
lact of entrepreneurship in students in this discipline, as well as recom-

mendations of most other engineering assessments. Attached is a 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,
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.

or one day a month for each' professor, which hardly seems excessive for
this field. It is, in fact, the.average for other major departments in
the Faculty here.'

'N.

AES/Jdi-

YoUrs sincerely,

sett/4.4,
A. E. Safarian,
Dean.

;.
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Graduate Courses Bein Given b the Department of Chical En ineerin

in the Fall Term.- 1973.

1105X Momentum, Heat and Mass Transfer I

1108X Process Fluid Mechanics and Heat Transfer

1109X Process Modelling and Simulation and Control

1110X Topics it Heat TransTer
1111X Optimal Process Control

1117X Topics in Applied Chemical Thermodynamics
1120X Dynamic Planning of Industrial. Enterprises

1122X Biochemical Engineering I

1202X Instrumental Methods of Chemical Analysis I
-13022C-- ---Pkinciples of Polymerization
1307X Ceramics II

1401X Air Pollution Chemistry and Engineering

1404X Environmental Radiochemistry

1501X Nuclear Reactor Fundamentals
1503X Nuclear Instrumentation and Measurement

1510X Nuclear Reactor. Design

1514X Nuclear Reactor Safety-Analysis

Graduate:Cougiven `by the Department of Chemical

Engineering in theSpring Term - 1973.

1106X
1107X
1112X
1116X
1119X

Momentum, Heat and Mass Transfer II
Applied Mathematics for Chemical Engineers
Advanced Topics in Optical Control
Chemical Reactors
Pulp And Paper Chemistry Technology and Engineering

1124X Topics in Heat Transfer II
203X Instrumental Methods of Chemical Analysis II

1301X Advanced Polymer Engineering

1305X Strong Solids

1306X Ceramics I
1309X Plaitics Engineering
1402X Water Pollution Chemistry and Engineering

1502X 'Neutron and Photon Transport
1504x Nuclear Chemistry
1507X Thermal Aspects of the Nuclear Reactor

1511X Nuclear Reactor Control Systems

1512X Nuclear Reactor Materials

1515X Nuclear Reactor Containinent



C -26 December 4, 1973

Statement of distribution of consultin work of full-time professorial 46

staff in the Department of Chemical Engineering during the year

July 1, 1972.- June 30, 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.

Consulting activity
(days)

Number of
professors

0 7

1-10 _ 7

11-20 7

21-30 5

31-40 2

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 summer months. This is roughly 1 day/month per

professor.
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SEMINARS IN THE DEPARTMENT OF CHEMICAL ENGINEERING

During the years 1967-68'to 1971-72, approximately. 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 gtven in recent years involvingtopics in materials and

polymer science, nuclear engineering and environmental issues.

In,the present academic year, there have been four seminars

sponsored by the Graduate School, several interdepartmental seminars,. and

the series of Centennial lectures organized by the Faculty.

As elsewhere, atteaance at seminars has tended.to decrease

despite the high -calibre of the speakers, a...faCt that led. to fewer seminars

being scheduledin.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 pre7..

sentations by invited speakers supported. by the Graduate.School.
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Response of the University of Waterloo,

to the Report of the.aemical Engineering Consultants

to the Advisory Committee on Academic Planning

submitted to ACAP, December 20th, 1973

The report of the Chemical Engineering consultants ts 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 programme 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 'consultants 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 oriented research.

Thereport alio.presents a careful and thoughtful analysis of tha

job' marketand the need for doctoral programmei.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 graduate& require& 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 fieldat the present time and

no prospect of one in the future. All of our recent Ph.D. graduates in

chemical engineerin, have Iound meaningful employment.
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We share thconcern 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 Wall of engineering. The Univeriity

of Waterloo has made every effort to attract qualified Canadian students and .

will continue to do so. Other consultants hive suggested the need to incream

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 .brightest young Canadian

students"thae there are challenging opportunities for.adVanced 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:
Of.

1Ce.have only one relatively minor comment to make on the secli on.

devoted to the University of Waterloo. On Page. A- Section 12.11 the

consultants 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 L..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 auch more direct role in the organization and administration

.gf.graduate work in the faculty.

Comments on Recommendations:

The consultants make seventeen (17) recommendations 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-

grammes at other universities.



Recommendations 3 and.4.:. We support the .contention of the consultants

::-that a Ph.D. programme must be.regarded as an integral part'of the total educe

tional;proceis 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 - bachelor's, master's and doctor's.

It should not be. inferred from this, however, that simply becaUse a-university

. has a bachelor's.programme it automatically'should expect to offer doctoral

work. Rather the reverse should bethe 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 level be effective. If a university

is unable to maintain a strong doctoral programme then one might question its

ability to sustain.high quality bachelor's and master's work.

Recommendation 8: We support this recommendation. A "a" average

is a minimum requfrement for.admission to:graduate work at the University of

.Waterfoo. However, this cannot be interpreted rigidly. The university must

be able_to exercise some discretion partfularly in the admission of mature :.

.?
,students who haVe had experience in industry beyond: their normal Undergraduate.

t- ining. In the cases, recommendations from supervisors may be more

meaningful as an indication ofthe student's aptitude for advanced work than

his undergraduate record which may be several years old.

Recommendation 9: We support the suggestion that graduate admissions

be screened, but we believe that this should be the responsibility of the

discipline group. There is no need in our view to establish Oeparate

committee to carry this out. We do not support the suggestionIn this

recommendation that B.I.U. income not beitven for low quality students.

This would be far too difficult to control. We believe that if the screening

function is carried out by the discipline group the pressure on,the universities

011 be such as to minimize' any problems.

Recommendation 10: We support this recommendation iw.principle.

but not in detail. We believe that students should indeed be encouraged to

not take all three degrees at the same institution,but we do not believe that

it is practical or desirable .to havr.any rigid legislation preventing-this.

In some cases there maybe reasons why the student should stay at the

same,Olversity.
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Recommendation 12: We support the first part off this recommendation

that Ph.D. programmes should be the responsibilit:, of those staff who have a

satistactory record of research and supervision. We are uncertain however as

to the intention of the second part. It would seem to us to be up to each

university 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 select 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

univorsities in the syste;.1 to assume any such obligation for the members of

Cur faculty.
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University of Western Ontario Response to the Consultants
Report - Ph.D. Planning Absessment in Chemical Engineering

December 12, 1973.

This response has been prepared by a Committee of Senate
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 dualinq with broad questions
of academic policy and those dealing with factual details.

Policy Matters

1. Recommendation #9 or. pg. A-10 deals with the creation of a
system-wide committee to monitor graduate admissions with a
view to ensuring that minimum admission requirements are
maintained in all programs. Because admission standards pro-
vide one measure of program quality, we are in complete
agreement with this recommendation and can foresee the already
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 013 on pg. A-10 introduces a new approach to
the critical size concopb, 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 appears
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-4Q
dealing with the low proportion of Canadian students in Ontario
graduate programs. If the Chemical Engineering graduate
programs in Ontario are to compete with the financial attractions
of industry for the intellectual interests of Canadian bachelors
graduates in Engineering, then more attractive scholarship
programs aimed at Canadian students are absolutely essential.
In responses to some of the other Engineering ACAP Consultants
Reports where the low proportion of Canadian students in
graduate programs has been identified as a problem, we have
sugested the solution of higher stipends for graduate students

1.rofeL;:;ional qualification:;, as is presently done in
the fields of medical research:
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Factual Details

1. Three of 'the entries for Westernkin Table 6.1.1 on pg. A-23
are incorrect and should be changed. The entry for F.T.Staff
should read 10 rather that 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 of 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
($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 minor delAations from
regulations have occurred in the past and steps 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.
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A Response of the University of Western Ontario to the
Advisory Committee on Academic Planning with respect to

the Engineering Specialty Assessments (1973) .

November 29, 1973

flistorical'Aspects

Approximately 20 years ago (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 undertook to gather the faculty
necessary to establish an independent Vacuity of Engineering; Science and Faculty.
status was granted to this group in 1660. The beginning of formal graduate study
was the offering of an M.E.Sc..program which received the approval of the Faculty
of Graduate Studies and Senate in 1961. The first candidates (4) were admitted ,in
September 19(32 and by 1964-65 th number of M.E.Sc. candidates had risen to IS.
In October 1v64 the Facultj. of Graduate Studies approved the establishment of a Ph.D
program in Engineering Science and the Senate supported this action on January 29, 1.96S.
From the outset an Wort was made to emphasise the interdisciplinary nature of the
program and graduate training was offered in a limited number of areas which at that
time included chemical and biochemical engineerinc, soil mechanics, structural
engineering and thermodynamics. Since.its inception the Ph.D. program has produced

.a number of graduates

1969 - 1

1970 1

1971 6

1972 6

1973 6

In 1973-74 there were enrolled in the Ph.D. program 29 full-time students
and 15 part-time students. All of-these students have received or are enrolled in
programs leading to a Ph.D. in Lngineering Science and none of them has received
a degree designated as serving one of the traditional specialties of engineering
(e.g. chemical, mechanical, etc.).

The "Ring of Iron" published in 1970, among other things, recommended
that the Faculty of Engineering Scicace drop the "Science" from its name (Ring of Iron,
p. 77). The Faculty, after considering this matter, elected to retain this name as
it did its interdisciplinary prorams. The "Ring of Iron" did recognise the inter-
disciplirary nature of the pro,;r;xis by reco=ending that 11,estern "concentrate" on
environmental engineering t:Itich was acknowledged at that time to he a foretaste of the
future. At that al;se,sment it was aL.o roted that ";;estern has gained cif stinction with
its :orh in industrial aerodynamics, electrostatics and bioengineering". (Ring of Iron,
p. 76).

'SP

Pre, ill.

As a consecincc of dHsti!,faction with the stringency of Ph.D. recommend-
atic%; lil t.11e of iron" :Idopted by tFe of Ontario Univer7,it,ies, the

cf En:Intcrin,.. :--,t):1t of LII!! rh.D. prorans In
ta:1k v.n.2ertaken wider the z!egis of the

(7.!I Plnniny and scrIething which has 1)(..-en erroneously
a "7...:oi-a.,.:!Ir.!1!,al" has been porfor:wd.
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The conditions under which this appraisal was undertaken are of
particular interest because the form which this assessment has taken fails to
take cognizance of work of an interdisciplirary natuva which may be deemed to be
outside the traditional specialties of civil, electrical, mechanical, chemical and
metallurgical and materials sieenceengineering. Examination of the five reports
which have been received reveals rather remarkable diff,;rences 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 who do not specifically report their terms of reference). /ReMarkable perhaps
are the prevalpt corments about "critical size" when the printed terms of reference
contain no mention of critical size.

As the present assessment has been conducted, it seeks to determine
whether the engineering se000ls of the province contain five individually certifiable
traditional specialties of engineering. 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 assessments 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 so,ae arbitrarily defined critical size.

What can a school that is faced with this difficulty do? Aside from the
obvious and in general unacceptable possibility of retiring from competition the
resear:..her in the small "sub-critical" groups seeks to meet the need for interaction
with other professionals and to develop his own intellectual pursuits by developing
liasors with other individuals in related acids. The consequence is that individuals
with Efferent backgrounds, information and skills address themselves to problems
which they have in common, At its best this kind of development can be the most
exciting research conceivable. At its worst the products of the activity may be
ninif1 or zero. However, we would contend that operations of this sort which stem
fr.m F,mall interdisciplinary groups are potentially of great importance and further-
m.ro, that the present assessments carried.out along stereotyped lines may not detect
these: activities and are likely not suited to the evaluatidn of then.

It will be evident that interactions with individuals in other disciplinary
specialties, however integral to the research in hand, will not permit the specialist

represented, on staff to meet the criterion of critical size when the
Ai...;e.)tunt is earried out in the framework of traditional disciplines.

The situations whien prevail at Western in which these difficulties of
as,e..--nt.. are most easily identifiable lie with the Electrical and Materials Science

g. altl.cui,h the p,-evailinE int.:I-disciplinary attitude of faculty members in other

gi 1(!:.;!s to a reduction in the vertical integrity of the traditional specialties
and to rIn (..lian::e7...>nt of Y.nri:ontal inter:,ctiens between specialties. Encouragement .

of thi- inter,:.:tinn has been a conF:cium; policy within the Faculty of .

S:ience and is A major determiniiz factor in the decision of the Faculty
!:;ineerii, Science prograr, rath!. than pro raris in the traditional
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The Engineering Science 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 ta development of extensive inter-
action and collaboration between groups within the Faculty. For similar reasons it
has also been possible to develop interfaculty research activities in the bibmedical.
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 of the Faculty in environmental matters has promoted interaction
with other parts 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 have dictated that a particular course of
development be followed. It would be.our contention that this course has led to much
that is valuable and worthy of development. While 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-
giaduate, 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' report on Chemical Engineering at

Windsor is generally complimentary. 'However, it appiies two

considerations in singling out Windsor for further investi-

gation. These are chat there are too many departments of

chemical engineering in Ontario and that a critical size exists

for viab1e operation of a department. These considerations are

examined in detail as we comment on the report's recommendations

in turn.

Sine.e one table of data (6.1.2) is completely erroneous

with respect to at least Windsor we also provide a set of correct

data. Also ati.ached is a brief description of the operation of
.1?

the Engineering Process Design Division, the means by Which

Windsor achieves critical interaction.
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Recommendation 1. That, if 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.: chemicai,
civil,.etc.) rather than for engineering 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 schools. Such interdisciplinary interaction

may be even stronger 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 involved
in any planning;

We agree. And long-term considerations should be com-

pletely thought out.

Recommendation 3. That the Ph.D. program be regarded as al 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. )he statement, however, holds for any learning

discipline, not just chemical engineering. Therefore, each individual

department of engineering need not give its owh particular rh.D.

to achieve the above. A sharing of such a program between small

departments or like background may in fact be better than having

departments of limited resources competilq, rather than working,

with one another.
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Recommendation 4. That no university having a Bachelor's and a
Master's program be prevented permancotly from
o ffering a doctoral program;

The intentis presumably that no qualified individual

be prevented permanently from having doctoral students sunder his

supervision. See 3 above.

Recommendation .5. That because no evidence of major overproduction
o f Ph.D.'s in chemical engineering in Ontario
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 bas already taken place in

any case.

Recommendation 6. That, considering the decreasing numbers of
Canadians registering in Ph.D. programs in
chemical engineering, appropriate steps be
taken to inform:

I) 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
o f the premium value of the chemical) engineer
w ith 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
e ffort to develop entrepreneurship in students
since this is a quality so badly nee.ded at
present in Canada;

Or more strongly -- that Ph.D. programs develop entrepren-

euship 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 valid reason for
producing a second- or third- rate Ph.D.,.no
student be admitted into the graduate training
program, either at the Master's or the Ph.D.
leyel, unless that student has obtained .n
undergraduate training, the eluivalentof at
least a B level;

This is indisputable in intent but a B level is not a

Guarantee 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
representatives from all the chemical engineering
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 been
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 tothe
requisite authority suggesting no Basic Income
Units be awarded for that student;

The University 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 policing

would be quite adequate to guarantee general adherence to the

standards of admission already laid down by Ontario graduate schools.



Recommendation FO. That,either in the financing of Ph.D. programs
or by other means, the Government of Oniario take
steps to strtngly encourage mobility among the
graduates of the universities of the Province so
that a fair portion of them take higher degrees
at .universities other than at the one which awarded
them their bachelor's degree;

We agree. Such a pol icy may break tfie pre.sent stalemate.

But a wider view including all Canada, the United State's end beyond

May also be encouraged.

Recommendation 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 stimulating environmeni.for.the
students;

We heartily agree. Also encourage groupings which tran- ,

scend departmental boundaries where this is beneficial to the students

and to the faculty.

Recommendation 12. That Ph.D. programs be the responsibility of only
those staff members who have a proven or potential
satisfactory research product!vity and capability
of supervising students;

That consequently, universities adopt and publish
policies which confirm the provision of equally
valid career opportunities in other areas of
university activities such as teachimg,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-

nendation 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 Of the total

educational proCess; one cannot exist without the other.
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Recommendation 13. That the case of a department which.during the
next five years has not maintained an average
ambient population of at least ten Ph:D. studanls
of the caliber specified in recommendatio.1 8, be,

.

reexamined by the appropriate authorities with'a
view to the temporary suppression of the Ph.D.
program.

We cannot agree. The intent. is critical interaction, the

solution given here is 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.
. Onl'y recommendation 17 mentions the University cF

Wind3or:

Recommendation 17. That the case of the Department at the University
of Windsor be given particular attention by ACAP
in the light of recommendation 2 and 3 and in
consideration of the present excessive number of
departments of chemical engineering in Ontario;

..0

That this case be investigated in greater depth
than the present study has allowed;

That in the event of any action taken % ith regard
to the present recommendation and recommendation
3, very special consideratron be given to all
aspects of the relocation of staff members who
in the opinion of the consultanti, are the
responsibility 'of the Ontario university system.

(here are several points to be considered under this

recommendation. The first of tnese is "the present excessive number

of departments of,chemica; engineering in Ontario" or as stated in

the conclusions of the report "there is some evidence that the number

of departments of chemical engineering in Ontario is greater than

called for by present needs".
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The criterion fdr stating that the number of departments

exceeds needs is a relatively high ratio of number of departments/

million population, for Ontario. This kind ratio is fundamentally

meaningless, unless applied uniformly for all learning disciplines.

'Perhaps it could be that Ontario has done so well because of this

high ratio? Thin; why go backwards?

Granting for the moment that there are too many departments

of chemical engineering, the question arises as to which of these

departments are 'superfluous' to the system. Although the criterion

used by the consultants is not explicitly stated apparent to

us that the consultants have applied the criterion of "critical size"

in singling out both Windsor and Queen's for special consideration.

This interpretation is borne out by Recommendation 13 where at least

---- 10 Ph.D. students are required for a critical size. Further, in

referring to .the Engineering Process Design Division in which the

entire chemical engineering department at Windsor is placed, we

find "Even though the total number of faculty members in a diVision

(20) is still small, yet the arrangement should produce good inter-

action between disciplines, and is really the only way in which

anything approaching critical size can be produced".

Presumably any department of less than 20 faciflt, is of less than

critical size (in fact, only two departments in Ontario have more'

than twenty faculty wembers).

The criterion of critical size is questionable, and

so are the arbitrary levels assigned to this criterion. We sub-

slit 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 size concept. The division structure is now in' its

second year of operation. A brief description_ of.the Engineering

Process Design Division, appropriate to Chemicil Engineering, is

attached.

Another point of interest is Table 6.1.2 which places

Windsor at the bottom of a grants/ faculty member scale. The

data are acknowledged to be incomplete and as such are erroneous.

Hopefully such a table was not used in selecting Windsor (or

Queen's) for special consideration. 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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Engineering Process Design Division

This division brings together in a formal fashion faculty

and students working in research areas relating to the thory and

practice of pr.ocess design, The division thus encompasses personnel

with research interests in thermodynamics, kinetict and transport

processes. in terms of engineering practice, these fundamentals ccver

a wide range of appl.ications. The membership of the division, com-

prising faculty members from departments of Chemical, Civil, Engineer-

ing materials, Geological and Mechanical Engineering, reflects this

iiversity.

The division provides cohesion of researth'efforts in two

.lays; first, by integration of course offerings 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

n three special areas, namely hydrological, environmental and thermo-

fluid. Organization of course offerings in this fashion streamlines

a students' program of study, and provides him with useful exposure

to the broader implications of process design principles. Further-

in addition to a consolidation of course offerings, the division

;Je5 a fr:rum for mutual interaction and complementation r0.

research exoertIse as well as facilitis.

The riajor research areas represented by the membership of

*he engineering orncess design division are ;i) environmental (air,

and noise pollution) (ii) fluid mechanics, hydrology and

raulics (iii) heat transfer (iv) engineering materials.
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UNIVERSITY OF WINDSOR

CHEMICAL ENGINEERING

,,, 6VvitlivIrtZ &e't, -<;.1)..er:1/ 2.., P4, 7;14 1 2
Elwr-7-.A?: k,

Grants-in Aid of Research (1072-73)

Dr. M. Adelmln

Dr. G. P. Mathur

$7,000.00 N.R.C.

5,000.00 N.R.C.
2,000.00 Aluminum Company of Canada

$7,000.00

5;000.00.

2,000.00

Dr. A. W. Gnvp 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 N.R.C. 4,000.00

Dr. R. A. Stager 4,300.00 N.R.C. 4,300.00

$45,755.00
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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 help available from ACAP at all

IIPILEgs)

A.1. 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 from 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.1.

.A.4. Examine Sand comment to ACAP on the adequacy of the data collectbd 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 Drogrammes and
consider whether future plans should be modified or developed in more
detail. As a result of this step, Individual universities may wish to
revise 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 be reported to ACAP which will
transmit them to the consultants and to CODE.

A.7. For 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.1. Each university is acked to supply to ACAP, in the form indicated by
ACAP after comment by CODE and by the discipline group (paragraph A.3.).
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information as follows:

a) for each specialty field determined in A.1.

(i) 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 unpersity duties);

(ii) numbers of full-time and part-time faculty members for each
of the past five yearn

(iii) 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 headings. one individual may appear under more than one
category.

b) for each "department" which offers doctoral work in the fields of
this assessment

(i) 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.

(ii) 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;

(iii) 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.

c) table of characteristics of graduate students in the department in
previous five years, separately for Master's and Ph.D., breaking
down numbers by:

(i). Full-time and Part -time;

(ii) immigration status (3 years) and country of first degree;

(iii) sources of financial support;

(iv) time to reach degree;
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(v) drop-out number;.

(vi) degrees granted;

(vii) post graduate employment of Ph.D.'s

a) immediate and
b),...a.L4e\ two yPars.

d) proposed plans for the future of doctoral work, in 83 much detail as

the department can provide, including the proposed scheme for support

of these plans, and accompanied by supporting arguments, including
consideration of .the sources of doctoral students and an anal7,is of

demand for graudates from the programmes as indicated by previous
plc.cement experience. The various, headings in a) and b) above

should be dealt ;:ith quantitatively.wirere possible; as a minimum,
planed tinbers of faculty and doctoral students should be given.
If part7time doctoral work is contemplated, please discuss in detail.

B.2. The material so supplied will be collated by ACAP and transmitted to the

discipline grolp for action indicated in paragraphs A.4., A.5 and A.6.

B.3. Apart from the material described in B.l.d. and to some extent generated at

the departthent level, each interested university will be requested to make

an individual statom,it on its plans for the development of doctoral
work in these fields of engineering, in particular the items of future

commitmcnt by item

C. Tcrm -f Reference of Consultants 0

C.1. C.misider the two special documents related to the coordination of the assess-

ments in Engineering, viz. Engineering Ph.D. Planning and Assessment Procedures,

Statement on Ph.D. Studies .in Engineering Studies in Ontario, and the material

prepared by the discipline group and the universities and obtain other data they

may require t3 carry out the tasks detailed They shall bd provided witn

copi,-;:: of "Ring of Iron", the CM statement thereon, and the CODE, OCGS and

to.'0 responses. They may obtain data and views from any relevant source, such

as, fo: example, employers of holders of graduate degrees, profc ;sional and

learned societies, federal agencies. The campus of each interested university

shall be visited by at least two consultants. Consultants shall arrange their

schedule of visits to the universities in consultation with ACAP to ensure

uniformity. Repot is of appraisal consultants are privileged documents and are

not to be made available to ACAP consultants, Consultants shall meet with the

discipline group near the beginning of the work, during the work as they consider

necessary, And ir-ediatLly before preparing their final report.

C. 2. Report on the adenuacv of the prescnt state of.doetorc.1 work in "chemical

eugineerin$;" in the province in general and in each university where applicable,

discussing the folloOng.

a. coverage of fields and specialties ,
and extent of activity in each

D. faeuity quality and quantity

c. nature of prograrnes off. red

d. enrolment size and distribution amongst universities and diviEions
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e. quality of student body; admission requirements

relationship tr related disCiplines and to the profession

g. physical facilities

h. otUr matters considered by the consultants to be significant.

C.3. recommendations for the development of doctoral work in fields of
this asse:.sment in Oarlrio between 1973 and 1978, taking into consideration
sucli b developed by the Discipline Group, and, w thout limiting
the generality of the foregoing, dealing with the following points:

a. Desirable doctoral programmes to be offered in the province, considering
both 7)osaible liitatiom; or redutiens of existing progracu and
creation of r::: programmes and nu,' kinds of programmes' including
the appro;sriateneAs of part-time prow:amm6s. In particular, consider
if there .1,hould or she .3d not he more activity in fields now producing
few gr..aduates in Ont. :io and also the desirability of developing furthe'r
application-oriented and inter-disciplinary work and industrial involvement.

b. Desirable provincial enrolments, year by year, in the doctoral study
in chemical engineering and in the major subject divisions where
appropriate. (1.1.should ccnsidcr the need for highly trained nianpower
and also [L yen:ral cult.:ral and societal factors which may lend syldents
to pul.:,u^ doctoral work in engirecring. In considering ms..npower needs,
one sherd'' ta'::e account of the "market" available to graduates (at
least all of Canada)

'of

of otaer sourcesof supply for that market:
st Results of forecasts of high ievel manpower employment should be treated

with due caution p.m.! only in a clearly balanced relationship with
cultural and societal needs.

c. Distribution a=ngst the universities of responsibility for programmes
aid for Epecialties where appropriate, including consideration of the
need for any ircreascor decrease in the number of departments offering
docton1 work a,:d con!;ideration of areas of collaboration
and sharin'.; of facilities at regional level and across.the province.
Consider tchniques far involvement in et,ctoral supervision of
professors in :.!epartments which do not take doctoral students in
their fields, and the extent to which such activity is desirable.

d. Dir.tribution of enrolment amongst the universities, showing desirable
ranees of enrolment.

In all it ivrtant th the rationale for the r,eo;.,..,e.iddtieLs
be clear; this is e.,;pecially im7ortant for items c. and d.

C.4. It is pPrmi5;f-;ftle for core:ultants to recommend appraisals of individual
prerre5,. Thi; iir.Le if conaultanTs were to s,!,Tct that a
pror,ra=e would round to be wholly or in part below minimum acceptable
standar!s; a:,prarsal by the Appr:lisals Committee ib the means of
settiiry, the ,:aeti:n. It is recopalized that this action would be

!;! cArryini; cut plaa::in as!ies,;rt.nts
in ('i-;u1Hines1c.c.:::ultant.; find there to be an xcer:q or deficicv

ot in a ;;iv n area of stu.ly, where all of the existing dr(rammes
an apInrai!ial, they may, !-nlbjeet to thei owI. judmeats of relative



quality and of other factors (a task outside the terms of reference of the
App aisals Committee), recommend where enrolment should be changed in
accor4ance with the possibilities indicated in section C3 (c).

D. Appointont of Consultants

The consultants shall include one pers(dr of wide adademic experience in Canada
but in a different discipline. The other two consultants shall be engineers of
international standing, with suitable administrative and/or teaching experience,
and Faith expertise in some of the fields assigned to the chemical engineering
assessment.

E. Report (.r corFultants

The consultants submit a join= report to ACAP (tentative date of September.1973).
Minority reports are, of course, possible. The reasoning leading tc their
recomen,lations should be given fully, in view of the subsequent treatment of
the retort. report is submitted for comment to CODE, to the discipline group
and to each interested univccsity. There may be informal or interim exchange:,
of vicws amongst the discipline group, the universities, CODE and ACAP. Ary
university which wishes to make a formal statement to COU on the consultants'
repor, submit it to ACAP. Any such report shall be transmitted to CODE
and to t'ae discipline -oup. The discipline group shall submit its formal comments
and/or recommendations to ACAP and CODE. CODE submits to ACAP its rocommendations
to CCU. ACAP considers the CODE, discipline group and university statements along
with the ccnseltants' report and transmits them to COU with its recommendations of the
position Ur: should adopt. Copies of the material tranFmlitted to COI: win be
suppilec to uur, to CCGS, to the me.-.bers or the discipline group and to the inter-
ested universities. CODE, OCCS and the universities are thus enabled to prepare
for direct co-ment to a CC: meeting. The consultants' report may be published
together ';ith the comments of CODE, the discipline group and those of any univer-
sity so requesting, and with the position adopted by COU.
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Amended'November 29, 1972.

'Engineering Ph.D. Planning and

Assessment Procedures

Coordinating Task Force, September 25, 1972

1. The doctoral assessments in Engineering are being conducted as a voup..
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 .iocument 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) educational goals and style
(c) enrohlent ranges projected to five years, and other items

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, 1972,
and the "five-year plans", due by the end of January 1973, will .then be
distributed by ACAP to the discipline. groups for consideration and planning
action by tho' individual institutions and by the discipline groups.
Copies will be made available to the members of CODE.

Departments are encouragqd 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. Each 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. 1-leports will be distributed as above, by the end of

F(..brwiLy 1973.

4. Each University may modify the above statements in the light of the
above and in consultation with the Discipline Groups and other Universities

as appropriate. Subsequently the Discipline Groups will finalize their
reports, which are due to ACAP by April 15, 1973.

5. The se statements and ,reports, along with the regular ACAP assessment data
(to he proparod the above process, perhaps with CODE "data bank"
collaboratimi) shall form the data bzise for the assessment teams. Failure

to meet doadlines 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 304

1972.

6. Upon completion of (4) abov? 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
engineering activity without further review, or included within one or
more of the major discipline studies, or be subject to a small special
assessment process.

0

7. dODE, with assistance from 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 Disciplino Groups and the consultants prior to the drafting of
final reports 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. The foral assesent and consultative process shall commence on completion
of (4) nnd the consultants shall be provided with a general statement, in
additi7n to the data base material, terms of reference, and other relevant
docuront:I. This statement which has been prepared by the Coordinating
Task Force and is referred to in section Cl of the Terms of Reference for
the coa::ult:Ints is intended to draw attention to some features of the

Ph. D. i:. 1..rineerin^, which the Task Force considers distinctive enough to
merit FA-tiular consideration by the consultants. Educational, proles-

roe:Ir.:h concerns will he emphasized. Briefings and dis-

cussi wi:h ACAP and the appropriate Discipline Group will complete
the firt tl-4.2 of this process. These discussions are expected to
occur al.ot on rcnth prior to the first visit and the visits themselves
will he (oncentr.lted in the month of May and June.

9. The ne::t stage consists of consideration of Cie available material by the
consultant.,;, Univrflity visits, meetings with the Discipline Group, and
the prk;a:-..Iticn of a draft report by September 1, 1973.

10. Th:. draft r.--ports he made. available to the Engineering Deans and to
the :r':;-; to provide for initial feedback to the consultants.
Then. %;:ii .:n orAl re;.:,ns,_. from the DpIcipline Groups to the consultants.

Foll--.- th- vill dr:1ft their final reports which will.
h f:-!! : rt.;,cn:;,..; from the above groups and finally by

ceni,:tr.:t:o:. by (The abov is intended to make clear that while
fey a ti. cr,n,.ult: nts from the Dicipline Croups is desired and

dt.ift rLport arc' not to be distr ibuted for open discussions
within d,
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Ontario Council on Graduatq-Studies

By -Law No. 3

A By-Law to establish a Committee on the Academic Planning of Graduate Studies.

1. The Ontario Council on Graduate Studies, recognizing..the importance of providing

for the continued and orderly development of graduate studies in the Ontario

universities, establishes a Standing Committee to be known as the Advisory

Committee on Academic Planning (abbreviation - ACAP).

Interpretation

2. In this By-Law

(a)' "Committee" without further specification, means the Advisory Committee on

Academic Planning;

(b) "Council" or OCGS means the Ontario Council on Graduate Studica;

(c) "Committee of Presidents" or CPUO means the Committee of Presidents of

Universities of Ontario;

(d) "university" means a provincially assisted university in Ontario;

(e) "discipline" means any branch or combination -of branches of learning so

designated;

(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

universities;

(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;

(i) "rationalization" means the arranging of graduate programmes in order to

avoid undesirable, duplication, eliminate waste, and enhance and sustain

quality.
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Membership

3. (a) The Committee shall consist of at least seven members of the professoriate

in 'Ontario universities, some of whom shall be members of the Council.

(b) The 'members of the Committee'shall serve for such periods of.time as the

Council-may determine, and they shall be Delected in such manner as may

provide for reasonable 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 the Council, and he shall have

one vote.

Quorum

5. A majority of all members of the Committee shall constitute a quorum.

Functions

6. The functions of the committee shall be

(a) To advise OCGS on steps to be taken to implement effective provincial

planning of graduate development;

%

(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 and 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 requests by CPUO to have a discipline assessment conducted

by proposing suitable arrangements;

(f) To submit. co CPUO the reports of the assessments together with any

recommendations which the committee wishes to make. A copy of the report

be sent to Coubcil.
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4

Jurisdiction .

.7. In order that the Committee may discharge the functions described in Section 6

above, it shall be authorized

'(a) to request a university to provide such information pertaining to graduate

studies as may enable the Committee to discharge its functions;

(b) to request a discipline group to provide such information 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 universities and the discipline

groups concerning such raportg;

(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 functions of the Committee;

(g) to supervise the conduct of planning assessments, and to report thereon to

the Committee of 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 consultants 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.

Effective Date

10. This By-Law shall take effect January 1971.
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ACAP DISCIPLINE GROUPS AND TREIR ROLES

1. Establishment of a Group

a. When it is considered desirable to activate planning Of graduate work in some
discipline(s) or interdisciplinary area, COU, on tle advice of OCGS, will
authorize the estatlishment of an ACAP discipline group, if itwas not already
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.

b. The Executive Vice-Chairman of ACAP will then invite the executive head of each
university (including Waterloo 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 years or so. If a
university can state no plans for future graduate work in the subject, but feels
that a watching brief is desirable, it may appoint an cbserver to the groul.

c. Changes of a university's representative are to be notified by the executive head.

A The group shal,1 select its own chairman.

2. Meetings

a. A discipline group may meet at the call of its chairman or in accord with its
own arrangements.

b. A discipline group may be called to meet by the Executive Vice-Chairman acting
for ACAP.

a.

3. Responsibilities

The group is to keep under review the plans for graduate work n its discipline
in Ontario, including new developments and trends in the discipline, and to
make reports to ACAP on a regular basis.

b. The group may make recommendations to ACAP in connection *ith graduate work
. in its discipline when it considers it appropriate.

c. ACAP will assist the group in obtaining information and data, as Tutually agreed.

d. When COL: has instructed ACAP.to condUct a planning assessment, the disc.pline
group will assist and advise ACAP in detirmining procedures and terms
reference, will report as requested and will generally facilitate toe assessment.

Approved by ncGs March 22, 1973
and by COL April 6, 1973.
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PIERRE.GRENIER.

Born Quebec City, Quebec, August 15, 1922

B.A., Garnier College, 1942
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-

Assistdrit Professor, 1(47
Associate Professor, 1950
Professor, 1955
Chairman of Department of Chemical Engineering, 1965-69
Dean, Faculty of Sciences 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 iIRC'Grant Selection Committee in Chemical and Metallurgical

Engineeking, 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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WILLIAWROBERT MARSHAL, JR.

Born Calgary, Alberta, May 19, ,1,..'146

B.S., Illinois InstituteiOi Technology,' 1938
Ph.D., Wisconsin,41941 .

.

E.I. du Pont .de Nemours_ and Company, Engineering Department, Engineering
Experiment Station, 19.41-47

Univetsity 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, Engineering Experiment Station, 1953-71.
Dean, College of Engineering, 1971-

Member, National Academy of Engineering
Member, American Institute of Chemical Engineers
Member, Americn Institute of Chemists
Member, American Society for Engineering Education
Member, National Academy of Engineering
Member, Society for the History of Technology

American InstituteNof Chemical Engineers,President, 1963
Argonne National Laboratory, Chemical Engineering 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
University of Wisconsin
Madison, Wisconsin 53706
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J.EQIffilk

ao

Born Devil's Lake, North Dakota, July 6, 1916

B.Sc., Manitoba, 1940
M.Sc., Manitoba, 1941

. Ph.D., McGill, 1943

Atomic Energy of Canada Ltd., Project Leader, Nuclear Chemistry and Tracer
Research, 1943-52

McGill University, Special Lecturer, 1952-544
Associate Professor, 1954-58
Macdonald Professor of Chemistry, 1958-
Chairman, Department of Chemistry, 1965-72

International Atomic Energy Agency, ut_naa, Director of Research and
Laboratories, 1963-65

Visiting Professor, University of California, Berkeley, 1962

Fellow 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 Inorganic and Nuclear Chemistry (London), 1961
Associate Editor, Radiochemical and Radioanalytical Letters (Budapest), 1969 -
Member, Chemistry Grants Selection Committee, NRC, 1967-70
Member Conseil des Universites (Quebec) 1971-72

Nucle.ar fission; mechanism of nuclear reactions; isomer studies; absolute
disintegration rate studies.

Address Department of Chemistry,
McGill University,
P.O. BoA 6070,
Mnntreal 101, Quebec.
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COMMITTE4E ONTARIO DEANS OF ENGINEERING

RESPONSE TO ENGINEERING PhD ASSESSMENTS

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 pf this, CODE has decided to
forego comment on such specifics, and has determined to refer only to those
tatters 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. Consequently, they have been 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.

CODE offers its resources in such further and subsequent amplification
as may be.useful to the purposes of the Council of Ontario Universities.

Manpower

CODE is in agreement with the general observations of the consultants
with respect to the PhD manpower situation. It appears clear that the
supply of Phi) candidates will be limited by the availability of high quality

entrants. The relatively small numbers of Canadian graduates entering
PhD programmes is a cause for concern. If Canada is to advance industrially,
it would be expected that there would be an increasing demand for high-
tehnology support. An under-supply of PhD graduates in engineering would
not h in file 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 hap 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

continue to report on the number and origins of doctoral students in the
various engineering schools, on an annual basis.

Quftlity Emphasis

(a) Admission

CODE is pleased to note that the consultadts have agreed that high
admission standards to engineering doctoral programmes generall.
prevail.

t.:ODE, therefore, supports the contention that existing minimum
entrance standards to PhD programmes should be maintained across the

Province. CODE 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
certain defensible exceptions will occur with respect to those with
known special abilities or those who have demonstrated superior.
ability in research, design and innovation in their post-baccalaureate

experience.

k:0DE fully supports the view of the electrical consultants that it is
"in Canada's interest, especially in international competition, to
have strength in high-technology research and development" and.fc:r
this to happen there must be an objective of "high standards of

with emphasis on quality".

(b) Programmes and Faculty Facilities

re..o:.mends Liidt totally independent ,.ate renresen:a1ive 1 :.).!10!:

:ontinue Co oversee nevtiated development 4rants and the formatio,.
..-ntrs of exeellem:c. These are :ratters better left outside the
jurisdiction of such a body as CODE.

(c) Cnit.ervraduate/Graduate Programme Relationship

1:1);h: n apports the contention that the continued existence of a Nye,
:p-t.)-date undergraduate programme requires the backing of a good
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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 examiners, the observed career performance
of doctoral graduat4s 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 is registered.

TheACAP 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 progradme viability.

Size is not a sufficient criterion for judging whether a school can
offer a. PhD programme; there is no a priori reason why a small school
cannot provide as satisfactory an environment for the student as can a
large school.

Engineering in the Widcr 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 is 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 is 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 information and offered
substantiAted specific advice ori the topics of emphasis and relevance.

CODE feels that PhD programmes in engineering should be flexible

enough'tb 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 fundhmental engineering knowledge, required for the ablution of

present and future engineering problems.

CODE alto 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 academic component, appears to be an effective
method of control.

Level of Support for Doctoral Students

CODE 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 is 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 contact is essential., however.
It is felt further that any part-time or non-resident work should normally
bc by individual arrangement. This would not, of. course, preclude special
arrangements between a research institutionor industry/government laboratories
and a particular university or universities.

Inter-University Activities and Facilitating Mechanisms

CODE 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 available
in 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 entrepreneuriallactivity by PhD's is something which

cannot be legislated. However, it feels further that the PhD has, by

virtue 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 Studies

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

REPORT ON THE CODE ENGINEERING DOCTORATE EMPLOYMENT SITUATION, OCTOBER 1973

In November 1973, members of the Committee of Deans of Engineering
of the Province of Ontario again supplied data on the status of their
engineering PhD graduates during the period November 1972 until October
1973. The results are compared in Table 1 with those for 1972.

Again this year, the majority of the graduatis-werein Chemical,
Civil, Electrical and Mechanical Engineering. The total is up substantially
to 177 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.

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 172. This has been accompanied by a decrease in post-
doctoral fellowships from 23% to 11%.

The overall conclusion is that there is still no serious unemployment
among recent Ontario PhD graduates in Engineering. despite predictions to
ale 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 CEMC 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
only 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, projection% have been made on a three-level
approach (high, 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.

1.1 Admission requirements 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 of women entering engineering. Secondly, the "market-
place" reaction with a rapid response in the 1st year enrolment to a
proclaimed shortage in engineers will continue to be operative.
Thirdly, there is curther indication that advanced admissions (through
tho stop-outs returning, through technology graduates admissions, etc.)
are increasingly important in enrolment projections. None of these
has bet,n clearly taken Torn 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 1st 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 Ontario,
is vet to be clearly perceived, let alone settled into a measurable
or stable influence.
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1.2. The two data bases selected for examination were the number of
master's degrees and the ndMber 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
immigration was noted in the respoet as one for which no data was
available - which ignores one fully-documented part of the system, the
Athlonc Fellows.

1.3 The utilization of the baccalaureate/doctoral ratio as a d4ta 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 Carldian engineering schools vis-a-vis
their proceeding to doctoral work. Graduates of the engineering

:.schools of Canadian universities have never come forward in substantial
`numbers to undertake advanced study and research. The tradition of
Such a choice, and indeed the number of opportunities for such advanced
worm, 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, particularly from
Asia. Many of these students from overseas have been or have become
landed immigrants, have stayed in Canada and have taken jobs as PhP's.

These jobs have been available, they have not been taken up by
Canadians who seem tohave preferred to enter the work -force earlier,
immediately after obtairCng 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
probably a combination of (a) the fact that they have been so readily
absorbed into the Economy at that level, and (b) the fact that the
level of financial support available for graduate study has been too
low to ma'xc them feel that the sacrifice is worth it. For the near

future, unless the proportion of Canadian bachelor degree graduates
choosing to undertake Phi) studies changes drastically, the numbers of
qualified applicants coming forward will certainly decline. At the

!-;Ime tine as the graduate schools in engineering become increasingly
well established and recognized, and as high technology factors including
its encouragement 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
tine " study.
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1%4 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
univers es. T1 s 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.

1.5 A further major criticism of this part of the report rests noon the
methodology, eldments of thehave been, discussed above, but on th

cbasic 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. In 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
1971-72 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 stage's of comparative actual data.

Demand

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 ZAements of those comments in summary form as well as those voiced
by the engineering schools in Ontario.

.
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2.1 Educational Sector

The consultants' 'Age of a model for the estimation of future demand
in the educationalector 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 forengineering 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". In the
dictionary sense of the least attainable or extremely tlinute.in size,
it is difficult' to read into this other than essentially no demand.
Even 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 considering the total demand-supply picture.

2.2 'Govt.:millet-It and Industry Sectors

In these 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 clear that this survey has been fatoo narrowly cast. In the
government area this is certainly true regarding the narrowness of
definition used. In tie industry 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
onvig,usly more conscious of them for the forecast demand data than
for the stock data - where equally gross errors and omissions seem to
have occurred. One example of sucll'an error is in the stock of 52
in 1473 attributed to AECL, compared to the 90 actual in 1973 as
provided by the >letallurgical engineering consultants in their report
to ACM'. other reports to ACM' specify other examples.

it i., hard to escape.the conclusion that the inadequacies of the demand
survey are far greater than the consultants envisioned, and their

of omission are much greater than they estimated.

3. (neril
3.1 !:dn..ationhl Planning and Me.npower

:ht appears to be a basic premise of the report as contained An
paragraph I on page (I) deserves comment, viz. ,
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"Now, a generally accepted view is that the expected
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 distinction 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 vocationally 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 PhDcan 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 Phll's through a "vocational" 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. In 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
vocational/educational issue is not clear-cut nor should it be. On
the demand side, there must be allowance made both for the substitut-
ability through flexibility even at initial employment levels, and for
increasing mobility and transfer 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.

3.2 The Supply and Demand Balance

The report in its final results and conclusions comes down strongly on
the prediction of an oversupply of engineering PhD's in the decade
ahead. They acknowledge a range of factors which will influenc, both
their supply band projection and their demand band projection, including
the possible effect of their own report. We acknowledge this danger
and can only hope that it can be minimized by vigorous emphasis both

* H. R. Bowen., "The manpower vs. the free-choice principle", University
Affairs, Jan. 1974.



H-13

on:the limitations of the report's projections but also on the
countering evidence aP it accumulates. We have indicated some
vf. the aspects of both the supply and the demand projection's which

can invalidate the narrowness of the band widths selected. Perhaps

..more importantly in the long run is the real failure of any demand
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,iety has an enormous amount of work to. be done with a

lack of sufficient skilled manpower to do it. We would claim that
the adaptability of doctoral graduates in general combined with the
adaptability of our economy results in a surprisingly good balance.
lhe ontario experience, well documented now for fouf years, indicates
essentially no unemployment of engineering doctorates, no unusual
hold-up or storage in a post-doctoral form, and changing flows into
government and industry as demand from the universities slacken. The

.accepta.lce of a current balance, which does ,xist (with some evidence
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.

te should rise above our national tendency to be cautious and
pessimistic, recognize that even a PhD may be viewed as vocational or
educational (hopefully both) according to the graduates perception of

the arke- t-place, alternative opportunities, bis own desires and so on,
and not deliberately cut back on PhD enrolments in engineering,
especially on demand dAta of such doubtful validity as that contained
in tho CEMC 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 ,.onfidence 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
snared by our federal and provinclal governments. We will need this
spirit if we are to move into an era in Canadian industry where
in,reasing sophistication and high technology become more and more

:1,R.cssary.
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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 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)., to 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.


