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:)eons of Engineering

This report deals with a planning study ot doctoral work in

ern,,ineering, which was conducted in several portions corresponding to

the vAriowi 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 volum contains the COP and ACAP reports for engineering as a whole

together with the consul tants' report and other material appropriate

to one of the disciplines. The COP report will he in three parts: Part 1

dealing with the recommendations approved in June 1974 and dealing with

most of the fields, Parts IT and ITT to appear later dealing with

mechanical and industrial engineering, and with civil engineering

respectively. This volume, printed in the summer of 1974, contains only

rart I.
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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 Xkli 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, 1(171.
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 a more general level. The Advisory Committee's
activities are based on the premise that graduato .,erk:is the one area
of university activity in which specialization universities,
cooperative arrangements and comprehensive plannivz. Are most necessary.

The disciplinary planning process involves a discipline group
composed of one representative from each universit with an interest in
graduate work in the planning area. Tn 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 ACAr. The consultants are requested to make recommendations on
programmes to he 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 following report is one of a series of disciplinary pAanning
studies carried out by the Advisory Committee on Academic Planning and
to he published by the Council of Ontario Universities. The emphasis

of the rcport 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 ilniversites de l'Ontario

Report and Recommendations
concerning Doctoral Studies
in Engineering - eart 1

On the instruction of the .Council of-Qptario Universitica, the Advisory Committee
on Academic planning, in cooperation with the. Cummittee 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 ehD work which
appeared in Ring of Iron. The. background to the study, the procedures followed

--and -the planning techniques used are described in the ACM* report and are not. repeated,
here. The resultant report from ACAt' 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 ACA report and supporting documentation on April 11, 1974.
The content of the ACAi 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.

fhe following principles have been adopted and will apply to this and all other COU

Reports arising out of assessments.

1. Discipline assessments by ACM' should form the basis for planning by
the universities of their development of graduate studies, particularly
4110 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 iesponses 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 requlred.



3. The-firSt concern in planning is. to review e. quality of graduate

opportunities and' of students in u iversities.and :to',make

judgements about _how toproceed prnat:preceed based on quality
censielerations. Thecprocedures:have-made use .0fhighly.qualified.

-indepeedent.Cousultants:who have no direct_.-interestjn..the universities

4n-Ontario Accordingly, 0.111 feels. bound: to::accepttheir judgements

about quality ,where they are stated clearly unless. unconvinced

their conclusions about quality'are consistent with.their.evidence.
recommendations in the case of pregramMes which are of unsatis-

f4e.tory or leestienable quality :will. call for -discontineatien or. the
Carrying out of an.'appraisal, if the continuation of the programme
is4lot:crueial to the 1470hee1 s-offerings, In some cases, however,
there may be a .particular need. for the programMe- and the appropriate
retommendation will be to strengthen it, with an appraisal following,
that action. It is also possible that if there were found te he
too large a number ofA)roadly-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 *n the_disciplint., Do the Ontario programmes together offer
a satisfactory coverage of the main divisions of the discipline?

M1^

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 rake 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 antieipated 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, or discontinue.. The
recommendations in serious cases may need to specify departmental
figures for each university for a time. if the numbers being planned
for are insufficient, the recommendations may call for expansion, or
nei« programmes, and may have implications for both operating and

capital COAES.

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

has the capacity to accommodate the student.



.

6. TheAuality of .graduate programOes is- partly dependent 'on. size, and
for each programme, depending .on how. it is designed. and its seope,...

there is. .a minimum size of enrelment:beloW.. which-quality ray-Suffer..
That number cannotbeexpressed.for thediscipline as .a whole; lut

only forI.Pdividual Proirfimilief440petiOng-01! 0*.ir.putleAsei- 010r.

reiichit_ces tied-fhe*r 4e0.04

7. Universities will be expected to notify COU if they intend to depart

fro lIk tbe:COU Report in any way which they believe might have a ,signi-

ficant bearing on the provincial plan.

8. --APPrais44'44$114; as .0e-rTstai-9f -isseSsmelits -are' :to based on- the
standards but :not' necessarily the scope of the acceptable prugraunnes

the prOvince.

doctoral work

Ontario isAinlikelto over-produce engineering.. s in .

_years.: flowever,,the student beady contains too rge a propertiOn 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; "Inbreed_ine is A Troblem,y1411.many students, obtaining. three degrees_from

one university.

. Faculty members, whether or not engaged with doctoral students, should have

.--the facilities and opportunities to engage in research and in work with
industry.

The scope for inter-university and university- industry cooperation is
considerable .and should be exploited.

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
of specialization other than that provided by the "traditional"

ongineering 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 4

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 rou).-lly e!Instant_for then 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 quests that CODE report annually Ce COO an enrOlment-and-.employment

opportunities,:

3. .COU requests thatACAr. arraneo,!.fur-04;* 0110-11Pgring,414141.n,grquP.
monitor .annitil..3.4"14!-Admisslons'exp.erietiee OE' each programte_

fact6) and report.on the quality of the adMitted students tto ACA2' for

transmission to COW;

.A2J-:-to report annually toAcAon the universities. prev
the newly adtitted graduate-students Of.eachAepartMent4-

ously attended by,

4; :COU:requests C0144 after':consultation with theAlsciplinegrOups,todevelop
proposals for collective methods of making intormation'ongraduate work in
41 Ontario universities readily available to the engineering students, and

to'-intorm ALL of the action taken.

itlt eequLsts:OCCS to examine existing university guidelines on part-time

dOctOrai'Wotk:and its..supervision..

col; request that ACAi arrange for an annual report-to.00CS from each university

On the time taken for each graduating student to complete his doctoral studies,.

eou requests AcAe 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 COC containing recommendations for the future of civil engineering doctoral

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

COU requests that ACAI: arrange for the metallurgical and materials engineering

discipline group to present a report to ACAi' on university actions taken to

correct identified weakness in certain fields of study.

Reeomiliendations

lt i recommended that:

1. universities, CODE and di;cipiine groups take steps to inform potential

candidates of the value of a v111) in many phases of government and industry,

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

and governmenta I employers steps to he taken iointly in order to overcome the

shortge of Canadian qtudents.

Ilse universities attempt to maintain the situation where Canadians and landed

immigranis constitute at least 70Z ot the doctorak.enrolmenL in any programme,

at any one time, even though the number of landed imMigrants may decrease.-



The universities, the provincial government, and granting,agenc*os examine
the eX:tent to which the limit. to student incoMe-detersCanadianS from entering
graduate wOrk. supplementing theincome of professionally experienced

--students-should be examined.

". . . . . .

4v.-7 All dOCtoral thesis examining committees have an examiner external to the

,* At .present here.not any specific engineering doctoral-part-time programmes
hilt rather that part7tfriv'ornon7re4ident doctoral work. be done:by individual
arrangeMent. EXperimOntation in methods Of, carrying on .part -time WOrkjS to
be encepraged.and might lead-in-future tothe creation of SpeCific Part7time
.Programmes. it £s also recommended tlait-the research topic of_ any student
.accepted -on a part-time basis be in a field in which the professors in the
department have expertise.

University Recommendations.

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

it is recommended that

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

7. [ice 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
1f new students should cease after October, 1977, if a favourable appraisal
hies not been obtained.

8. The involvement ot. the School of Engineering in the hydrology doctoral programme
at the Iniversitv ot Guelph continue and that the university.begin doctoral
work in agricultural engineering at a time in accordance with the university's
plans, nubjel:-t to normal appraisal procedures.

t: 11071 i C' a .F:1) g

Thi;; ,,eetion deal with doctoral work in chemical engineering at. McMaster, Ottawa,
ittee.13-, 1:cr.:into and tLrloo.



is recommended that:

The departments conSlcier.groupingtheir.research activitieS.J.n_Veil7defined
areasso,asto establish or reinforce teams, thus providing:a-more stimulating,
4:!.4vir0nmant-for- students.'

. .

14, _McMaster -University continue its doctoral work in chemical engineering accord-
ing to its plans.

heLllniversityOf.Ottawa-continue.its doctoral programme An_chemicaVenglneering:
according to its plans..

12. qUeeeN-University-re-evalua6e...its dootoralprogramMe in chemical-engineering
in the tight of comments made by the .consultants concertingretearch. activity
of the faculty, the grouping of research areas, awareness of new trends

in the discipline, ..and the mobility .of. its. and ,submit

the .programm for appraisalat the time that the university considers_appro-
priate.. If ajayourable.appraisal.has not.. been received by October,.1976.,
enrolment of new students then be suspended.

'1 3. 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 ACM' by June, 1975, on action taken in regard
to this Recommendation.

14. The University of Waterloo Continue its doctoral programme in chemical
engineeriA according to its plans.

Civil Egaineering

The consultants' report is unfortunately inadequate, for planning purposes.

It is recommended that:

The embargo on the .funding of any new programtes in civil engineering :

continue until Cull has accepted a report from ACAP 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
1,,eaknesses of each department and the change in emphasis on fields recommend-
ed by the consultants. The report should be submitted by ACM' by December 31.
1974.

Electrical Enijneering

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

it is recommended that:

lb. The di.icipline 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 dith 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 -L Ottawa plan the reorganization of _its doCcoral 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 ;Iv.; !=ttcents should cease. In the meantime, enrolment of new

students should be restricted to the digital comMunications systems and large-

scale systems fields.

continue its programme-in. electrical engineering concentrating

in the .communications and systems fields, with occasionally a student i 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.

,L 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.

.l'etalitirzical and I'laterials Engineering

This section deals with doctoral .work. in-metallurgical .ancimaterials engineering

at. AcMaster. Queen's, Toronto and Waterloo.

It is recommended that:

23. file universities take steps to increase the activity in the ceramics, glasses.,

and. polymer fields of study in the province.

24 McMasLer University continue its doctoral programmes in materials science

an extractive metallurgy, and make a report to COU through ACA *' in the fall

ot 1975 on the follaging suggestions for improvement:

a) recruitment.of students with phys, :s and chemistry backgrounds

b) strengthening of the extractive metallurgy faculty

c) eollaboration_with the Universitypf 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 tram otner departments. This new programme should be appraL,ed

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



to enlarge its programme in extractive metallurgy and Mineral engineering,
the present programme should be pnt forward immediately far appraisal,
ceasing to enrol new students by June 30, 1975, if a favour hie appraisal
is not obtained.

'Ikea University tat Toronto continue its doctoral programmes in its Department
of Metallurgy and-.Materiais Science. it i$ suggested that Toronto consider
broadening the programmes and it is requested that the university report to
WU through ACAP by September, 1975, on any progress made in this direction.

27. The University of Waterloo continuo its doctoral work in extractive, and pro-
CeSA metallurgy and in metallurgical engineering and materials science
according to its plans.

Mi n

It is recommended that:

ihteen's University eqntinue its doe o"tal, wcrk in accordance with its plans.°

1:eneral

It is re,-ommended that:

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 docttcalworkin 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 ronducti.

Notes conoernin the recommendations

Re: Recommendations 1 itu, , '

The background to these import recommendations. appears on pap.p!,; 11 and 34 of
the ACAP Renort.

Re: R.2ommendation 7

Presumably the programmes submitted for appraisal will be the three
divisional programmes whi:h ar replacing the departmental programmes.

Re: Kecommendation 16

e-

otheirengineering discipline group:, wav also find this a valuable tugge!-.tian.



Re: R commendation 19
-----------------

Re:

This differs from the recommendation in tho.ACAF Rupoit because the University

subsequently decided to carry out .a re-assesSment of the future direction

of the department.

Recommendation

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

-metallurgy. . _

June 7, 1474.
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I. RE.ceMENDA r IONS

General Recommendations

CI

-It is recommended that cOli abandon the quota sof 450 doctoral student

entolMent in 1974-75, and plan on roughly the present enrolment for the

next five years, assuming greater interest by Canadian students in

engineering graduate 'Ant. if this intere-st 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

opportunitiA.

C

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

the value'ef a PhD in many OhaSes:Of government and industry, not onlyin

re.learch and development. The universities, individually and collectively,
through agencies such as cope, should discuss with the industrial and -,

governmentalVmployers 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 7O of the doctoral

enrolment in any programme, at any one time, even though the number of

landed immigrants may decrease.

It is recommended that the universities, the provincial government, and

granting agencies consider the remarks of the consultants, and examine

the extent to which the limit to student income deters Canadians from

entering graduate work; Means of supplementing the income of professionally

experienced students should be examined; increased .contacts between faculty
and industry could lead to increased industrial support.

t;'5

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 AC AP for transmission to cm.

:6

It i,_rc:cummcndull that all dcwtoral commirtec should

have-a6 ekamlner external to the university.



it i s reeommended that each .0isciplineGroup and-CODE7develop-proposa s
fO-Making information.on graduate Work qntario.uniyersItjes

availahle-t0 :the. enAineeting:stUdentS', in .sbille-.Colle.otiveW-4
and inform ACAP of-the .0 taken. Each liTA4'191ine Croup should :report
annuallY-on the university last attended by the graduate students in

'each departmont.

It-it; recommended that at' the-preSent any part-time -or` non-res.ident-,
do,.torart,:ork should he by individual arrangement and that experimemtatIon

ttlis.tvpe 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 wltieh the professors In tla department have expertise. it is
recommcnded that OCCS examine_existing university guidelines -in this area.

It is recommended that the universities report to ACAP (for MGS) each
year on the time taken by each graduating student to complete
dot7gral studies.

University Recommendationts

It is recommended that theiniversitv of Western untario eontinue
..xamination of its Ph.) programme in engineering science, and put forward
the resulting pregraimie for appraisal, in particular delineating
carefully the areas of research in which it feels it appropriate to
c,opt studontf:. In case a favourable appraisal is not obtained by
o,tober, 1971), admission of new students should then be suspended.

t:1 1

Ir. is recommended. that: the University of Windsor.continue..the reorganization
Fr .i-ts do:roral work-in engineering andsubmit-all_programmes:(presumablv

Id I I bt' throe d progratnnes which are replacing the
lopartmentai pn-Trammes), for appraisal when the new system has been in
operation sufficiently Long to permit a valid appraisal. Enrolment of
new nttid &'nts= should coast. after October, 1977, if a favourable appraisal

itt2t been obtained by that date.

C I

It is recommonid that the involvement of the School of Enginverinr: in
the hedrolooy doctoral programme at the University of Guelph continuo and
that the inivorsity Ego in doctoral work in agricultural engineering at a

.T :IA: i.n . iCt t i its p1111"; 0 normal apprai
procedures.



C13

2,t is:,recomMended that the deearttents take note, of :the consultants'
recommeedation 10, to research:activities.in welldefined_areas.
sceas to establish or reinforce teams; thus providing a more stimulating

environment for students.

Chemieal Engineering

It is recmmended that ..Master University continue its doctoral work

in chemical engineering according to its plans.

er,
It is recommended that the University of Ottawa continue its doctoral

programme in chemical engineering according to its plans.

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

thew 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 he suspended at that date.

01.7

It is recommended that the University of Toronto continue its doctoral

programme in chemical engineering according-to its plans, paying particular

at 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.

(18
.

. .

It is recommended that the University of Waterloo continue its doctoral

programme in chemical engineering according to its plans.
. . . . .

Civil Enineerin

(-19

tt:isreeommended that (ecommendthe the embargo on 1114!

funding of any new programmes in civil engileering until COU has aeeepted



-4-

4 lq4ciptillc rcport dcalin adequately with t.bc future role of
oJci JvpArtment in rt-NiPee,t to the different fields of doctoral research,
paving particular attention to the relative strengths and weaknesses of
each department and. the change in emphasis on fields recommended by the
cot sulLants. ilict report shoul& be .submitted t© AC' by December 31,
197'4.

Llectqcal Faltljneerini;

It is recommended:that the_ Discipline Crpup annually identify those
areas of electrical engineering.wnich they consider relevant to:the,
Present .n future needs of Canada and make their findings available
to tlie granting agencies and various associations of industry in order
to-sui.Aulate a-contineing dialogue- with industry;

(-21

It is recommended that Ca leton University continue its doctoral work
in etoetrical engineering according to its plans.

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

CI 3

It is recommended that the University of Ottawa continue tooffer a
doctoral programme in electrical engineering restricteiito-theses in

communication systems and large-scale systems. This limited.
prolrawte is to lac: appraised as soon as possible. Enrolment of new students"
sllykijd cease as of 4tecember, 1975 if a favourable appraisal. has not been
oktainttd.

it ii recommended that queen's UnivorsiGy continue its programme in electrical
engineering conc.ontrating in the communications and systems fields, with
ocoa,,ionally a student In vognate areas of electronics and energy processing.
Any proposed substantial developments in these latter two fields would he
submitted for appraisal. It is also recommended that the. department maintain
4'nrolment at its present level.

It is roolmond, thut the University of Toronto continue Itra doctoral work
in 4,1ectrleal etwIneerinr according to i.ts plans.. _



t.t f5 recomMendetithat-the UniVersity of lZitterlooTcontinue its. doctoral

work in electrical_engineering according to ..its. Oinns.

:.Mechanical.Engineering

-

it is recommended ,that .Carleton, MclapALLEAR42211141111iy!!ul.iLes continue
doctoral,programaies In mechanical ,engineering and during the coming

vear'give refol consideration to the feasibility of a stronger development

of f04i irest in the special areas of strehgths suggeSted by the

to Universities are requested to report to CtMJ and OCGS,

hrinigh

C'S

uring the. 'Val 1 of: 1975, on :the...re-Stilts _of these A' onslileraa ConS. AL./

_

It IS recommended that, if the.ihilVersityof.HOttaWa:iwishea teifreaCtivate:.

a'doetoral programme in mechanical engineering, it givecarefulconsidera ion
.t0allOWing.)omeher matnring_of the department before applying for
appraisal.

It is recommended that the university of Toronto continue its doctoral
. .

programmes. in mechanical engineering in its Department' of Mechanical

Engineering and'theDepartment of AerospaoeStudies,and.Engineering..
ACM suggests that-the Vniversity 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 CCU and OCCS through ACAP, during

the Fall of 1975, of any decisions taken.

C30

It is recommended that the Vnlversity of Waterloo continue its doctoral

?rogramme 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 thrdugh:ACAP, during

th rail of 197', of anv decisions taken.

MetallnriLical and at EngineerinE'

t: SF

It is reeommnded that the univvrsitieA take note of the consultants'

recommendations 1, 2,_314 and ic, dealing with the weakness in certain

fitl f. 0'1.1% f%, std Pic;cipline revott

to A4:Als on air,' aL:Lion LAIlvn in ronserptence of these recommendations.



. .

It. i,i-rei,:ominended -that McMaster University' continue its'AoCtoral

.prgratmes in materials si'lence-er4:eXtractive metallurgy, and noting
therengthattributed to- these programmes. bY the ,consultants,. make

re=port ira t tie fall pf-0)7.-.0n the following suggestions:for-.

impTeveMent:--

a. recruitment students with physics And- ChemiUtry:_b-ackgroun s,

, strengthen-ins of tie:extractive.metallurgy. faculty
...

4'. eollaboration with Toronto..

It is recolmnended,, that- 41-L;nLvtrsa,4. continue its doctoral work
metallUrgyiand:discpnrinuethe:doctoral.programMejn:

vxttactve metallurgy.andmineral-engineering:a0:1e.nOw eXiStkatid:.replace

-it by an,enlarge&programme involving professors in ,other departments as
:;l4ggested in the consultants' report. This'new program* should 144

....-appraiSed-dndfthis*hdold:he Completed by December :31, 1976. if Queen's
H;,; not wish tO eniarge"its-programme in extractive-metallurgy-and mineral
-nginering, the present programme should be. put., forward immediately for
sippriIsal,ceasing to enrol new students by June 30, 1975, if a favourable
:A.,7praisal is not obtained.

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

-;uggoted 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
or,v.ress made in this direction.

It is rccommended that the University-of Waterloo continue its.ensinet,ring
j.'ct,,rat work In extractive and process metallurgy and in metallurgical
L:lintcrin and materlais science according to its plans.

En8incering

It Is recnmmended that Qut.4 =n's-University continue its doctoral work in
enginocring In aec:ordance with its plans.



Indust r ta Ettai neer Ulu. and Svst ems hest.

C.3 7

It is reeommended''that. the Vitiversitse -of .Toronto.continue. its:doctor:AI -
work in human fart-ors ,..ngineerinA, management information systems and
tiperat ions researith.

C

-It: is rgeompentic4 that the, liniv4rs it y of Watezloo continue its doctoral
progrAmmt. in systems St....sign.



BAC:GROUND, AND PROCEDURE

1968, the committee of Presidents of the Universities of
Ontario,- after a meeting With the chairMan of the Committee on
University AI fairs.,.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

stUdy,. and this proposal was: approved by the Committe,e of Presidents
on November--15, 1968. The:objective was to create a. master plan which
could be used as a guide- fer.rational growth of engineering eduCation
during 'the 1970's. Such,:aplan,shOuld endeavour :atop provide .for the':
highest attainable, quality, the' best use of resources, opportunity
for innovation, and maximum freedom Of cheice- for students.

This study culminated...in the report-Ring:of Iron prepared- by a -cogunission"
chaired by Philip.Lapp.

The repoA.r. Was rocoived.by theCommittee of ,Presidents in.-January, _1971..
A process of review of the reportts recommendations was establiShed,
CODE. prepared -a' brief based on statements of .views submitted by
each university concerned agu$ by each Faculty-of Engineering. -Briefs
were prepared also by -the'Ontario.Council on Graduate Stndies (0CdS).
and the Association of Professional Engineers of Ontario; On
October 51, 1971, the Council of Ontario Universities (COU) considered
Una_ of Iron and the_briefs and prepared a statement of recommendations
to the universities and.to CUA.. .

WU' accepted. a .number 'of. the Lapp recommendationswithout- 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 COO, 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 4hould recognize joint appoint-
ments as part of the? career stro4.tare of their senior staff;
these appointments should be. increased as .fat as .possible. ..... .

By this we understand a system of part-time appointments."

"Over the next twu: yearsthe estimated graduate enrolment. of
2,000fUll-time equivalent students for 1970 -41 be reduced
hy-17%, 'aftt:r Which gradeate'enrolMunt should be limited to
4 number equal to the previous year's bachelor graduations.
.The.ebrolMent-figure-ApplieS to the 'engineering departments
js idntifed in fing_oilron".



'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

i.titse,"

"the Lapp- report reCommends specif icnumbers 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

Oettain dectorate`programmes' are not fullY documented in the

Lapp:repOrt.- COU also,agrees CODE,and ,OCGS. that

attention must be given to the numberk of doetorate

enrollees by discipline-as well 'as bar. university.. For
these-reaions -COUrecomMends that for-the-Year 1972-71
doctorate enrolment be reduced In each university. below I,

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-

liminaiy'acceptance of the OCGS method for reducing PhD-
eftroimen (by limiting new PhD enrolments to _achieve a
total system number of 450 by 1974-73) 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 arpongnt
universities and amongst disciplines. The assessments are
to incorporate a review of the effects of the pre rata
reductions in 1972-73, and to recommend a mechanism for
continuing review of PhD enrolments."

OnreCeipt of this% instruction from COU, ACAP and CODE establisheda
liasion committee (Ayers, Dillon, Ham, Johnson, Shmilt, WIntosh,Preston)
which drafted procedures for .the assessments. It may he 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 its this way was approved by ACAP on March 17, 1972,
and .by COU on April 7. -The procedure (except.forminor-data amendments)
is that in Appendix D to this report. In writing to indicate its



approval CODE expressed their understanding that two objectives would
be met:

To provide a rational.basis-foi doctoral work in engineering
and for confirming or modify-ing ttpla limitation on enrolment
suggested by Lapp.

.. .

To Canduct reallY effective assessment of
our 'current doctoral programmes."

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

/n,:order to begin ,the.planning.asseasmentsi, the ACAP/CODE
coMmittee called a meeting:of members of the five:Discipline Groups

Electrical,'Nechanical, and Metallurgical Engineering).
Thi$ meeting' on April 12,-1972, indicated d-a good deal of facult 7

resistance to the conduct of the planning apsessments and uneasiness
about some perceptionk.of some aspects, of the,approved procedures.
This resulted:. in a ',delay in mounting the assessment. CODE suggested
a'CoordiilAting 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,,1.972 and
March 19, 1973. It suggested two slight additions to the procedures
as approved earlier by CQU. These were approved by 'CM 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
ACM' (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

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
ACAPwcUild facilitate:. A consultation for them with someone in a
departAL:nt of agricultural engineering



e) the mechanical engineering consul.tants be asked to consider ti
dectoral-WOrk at the UniversitY of T9rOntojn§titut. 0f. Aerospace.
Studies and'in aerOn*itleal engineeriug.at Carleton, with the

request that they consult also with another of the,ACAlomultantm. .

Aon .theElectrkal.Engineering teamlwho. had -expertise in some ot

.
the rTlAs work outside mechanical engineering and a1.:40.with an

_.Acrosfiace Spe.Cialist .

, . . . . . ... . .
,

f) advice on the future plans Of the department of ManagementSci-en,.o-
aateTloo would ht. ,sought from the conSultants in the _planning
assessment in Administration, Business and Management Scientle,

with a comment Aso provided by the consultants on industrial
.

eftglneering .

g) no special: arrangements were needed 4n,conneion.WJJh
Alugineeriugat,Toronto-siag,e the..correSponding-JuStltuty.:has no

'graduate programme of.its.own,and the future:doc,toral.plans: are

covered in the statements from each ol the, associated depart.;:ient.

iteil:111 he dealt".-With-.:jna laterreportihp7rellaind,..1-r:4re-
7--co-Yuredin this report. ihe h ItUL 1 eagineeiluonNultants

ACAP that they did not requ i re the assistanCe suyestvd -in e:

In ilvtoner, 1971, CODE: proposed that a study be.:c:arried out, under the

A6tiS of thy newly established Canadian Engineeriag:Manpower
and with finarKial support from anumber of agencies. in order to
recotMendationS about "supply and demand" for engineering tiOctar.iLcs.-

111is would he expected to be:ot greatHvaloe_to the planning assessnients.

\CA agrcd u this saggestton provided funds towards The
incorporated reference to the study into the instructions. for the

.eonsultants. litthe event, the study proved rather
is discussed Later in this report.

A9 a result of suggestions from the Discipline croups And :er reeeiviu4

ti4ents from the Coordinating Task Force and from CODE, Agrccj

k4Insu1tants at'ItS let of September 1-8, October 13 and Umber

.1472. The consultants who finally acted were:

1 Enainet!rin:

Civil rngineirin4;

Dean is, Grenier cat 7.'niwrsitC

ovan R. Marshall of the Vflivc.rr,it-,-

Professor L. Yaffe of McCiI1 Crtiver:;it

1'rofo:-.1sor W.W Y.,..;:o$ctdr ol

mr. J. V. nartin of Alan :1. Volqlit.L..!, tI.t

Associates Ltd. , Professcir G. C. never:10f 4)t

Srot Li 1echnic1 .)c. i111,..1.

of Hydro-Quebec..

L, .

ProfeSi,or A. .D. %ore of the Iniverit'
_ _

Pr,..)te!..!,0,117

PrincetOti 17niversitV, 1)1.. M. P.:lachvi.-;1\i .01

licsvarch Labc-Tatoris



Professor 11.111. Emmons- Of Harvard. University

Dean C. find offthe'UniVereityof'Albe44,
Ilr! 'X. D. Hiecoeks-Of theNOtiOnal tesearch

CP11=11.0 0004da, Professor Site,, lusqqof

Metallurgical .Engineering: Profeispr, J.J. JonSioflIcGilX -140v.ersifY
Professor TAI,At,ing of- the Igassaehesetts

Institute .Of Technologyik-Professer--14.5,-Oven! -
of Northwestern University ,and
.Dr.:14tB:Lewle: 0 Atomic Energy .of Canada Ltd.

Brief sc4Trricula ,vitarum appear jn Appendix:G.- .1n-eath-case, the last. named.

person played the role pf a senior Canadian from outside: then~ discipline.

The.consOtants. held their first meetings ,at various dateS in April and
May, 193.3 and In each casejoet withtthe apprepriate:Discieline Group,,

#TAngedOeSchedi4e:OfviSitsdiscuSsed:theircharacter'aUd:had
gi:ineraldiscessioe with the_Diseipline.*ProOPHOOPrthe-task.before:them.,
The visits took place in the twe or three Months following these meetings.

The consultant teams each submitted draft-te0Ort W$Optedber, uhich-was.
the subjear of oral discussion with the. Disciplin Group at a meeting within
_a few days of the receipt of the-draft. Each consultant teal then_snb-
mitred its report. _These reports were sent, for-comments to the:Jiniversies,
to.the Discipline Groups and CODE, each of which sent comments-to ACAP

-at various dates-in-November, December and January:

A subcommittee of ACM* began coesideration of the report to COU, before all
the comments were in hand and continued its.vork through.March, 1974, reporting
regularly to ACM' 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-telt.ie.the eases of civil, and mechanical fogineerieg.,.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.

Mc report Is based on the consultanLs' reports, the data collected for the
.4todv, the universities' comments and supplementary material from soft of
them, the Discipline .Groups' responses, and the other documentation referred
to in the procedures and terms of reference. The report sets out recommendatiens

-for COL.£ 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
trinsalitti*4 for information to OCGS,.CODE, and the. Discipline Groups.



RECOMENI1AT IONS

This' .s-e.7tion :of -the ...1t:AP, 'report- 'contairts-.. reconnendat ions ,,
argeueral .concern t0 all Of:en;,ineering.. :Some oLthese, recommendations

hnve vlent tined .CO11.1.4 ;01 t'141 Tepqrt*:14jt rp r
01.111Ol.t).01'.f.Ognd-in. Opl'y rkpOT1', ary dot-Li:Ital.'

-Lnrolment.andManer Forecasts

In thc sammi.r of 1973,:the 1::nginevring,Manpower,Council
r vie i repOrt entitle d .zind. -Demand for Eng.14eerit?. Doc t orates

S by ACM? arid.: was kiren,

t he. 1.,1-,,-;a1.tant.. tc.ams prior to their writing:. .of their reports.. ',It
gene. r.11 .st.ates- tuat .t supply of engineers iii the next five years. will

'titfriand , -

qr tit4::commtatti made by the ens inee.ring consul t an s eoneerning
...ttt1 rt:!port shows ..t in i:V disagrcte with the

:,.akie in tli4.4 . They bel eve the'r has 1,4.3.11 no
ov..r;%roduct Ion of P10;t4 to kiatt. and, in fact-, :there-appears to be .t
,i.hort atte of metal I ur cal team ieves.. that Liw n.eed tor

twill
nut. .414...el int.,. p-rmdictell t:EMC but that the overall

..iemand will, cunt inner and in actu....11 tact , al l but the civil engineering
hi:Irk...v.. it. will

:1.AP had ..)ri.;.;in.1111,,7..intendekito_pah1.if,h A .ritique of_the.CMC..report,
jlowycr, CODE in it:; repsonse to the n!,,Ineering reports, Appendix li

int .. laded st atement on this. report cover ing all point SAP
wi.-ihed to' dart, ACAPe critique will not he rivreduced, but we feel

4:11MC re.port i r not ,m adetivate basis for manpower planning in
imee ring. Sink...2 all the -onsultants agree that supply will not exceed

kient:.kilti Tuft perhaps rather he reverse, the questlint of supply of qual if ied
ststkie:11..%-, must be studied. The main prohlom will be attracting Canadians
int env, i nee r in4 graduate work.. in -1972-73, of the 518 F.T; engineering

zs.): Canad i.in, 5-i. 3T' were landkid immigrants and the remai ring
student.

rc±..,sulations make it, harder to become a landed

1.mmigraat. Silwe onc ;',1.11 no longer apply for landed immigrant status

In (:Anada, thof-lo that come on student visas will presumably return

Coliplwd with tliis is :.another now rvgulation that

assi:Aantsh!p is na l'O class-flied as ajo',.t thus making

it harder to obtain,lAnded ilmalgrant status. Consequently, Al.:AP

t 1- t: !..1t. ti7t. L1%11 :Tant rradnate work
will in.:.re4t. Finat!cial

=IT people on v Therc.'are.v.:ry- tt2w.

01 irlirari opi'71 to theti but in .on....,inot.-ring they ma,'



supported from contract:funds.- in any caSe,there.willbe funds for-
only a.lew,..--Although:Onada:hasfa:reIetp_play im:pteviding.adVanced
teehnicaledUeatielPrtheunderptiViledgeciebOntries_Of the would,.
thie:sheuld he ke0t,tev.a reaspnahle:leVel and,Should.not exceed' 30%

ofengineering AocterdleetelMeetS,

(401)E',7011page1179 :1-1'12aPP11:67,:tato:Et441-.Y.7P14ess the:.propertion
of Canadian. bachelor degree graduates::choosingtoendertake inastudies
changesydrastically, the neMbers-of,qualified applicants coming forward
w 11 certainly eclin ". There de1.4g0400 that student:, stipends
be increased.: We remair.enconviecedthat.stipenda needbe::anyhigher
in-engineerinvthanAn any ether:field, Out there4s oneexceptien
and this_is.:that"peeple:wih .*Libtantial professional experience
returning. to-gradnate:atudy'sheuld.'he supported -at !4' higher level,

ACAI)-1-S,:ingIine&tp agtee with the,i.lnivetSity.0f, i'lateriop":4,..comugenti.

-page:C-29 injts:response to the chemical engineering report, that the
bestwaypfrattracting Canadian 4tUdeetg is aff,"0.hange inthe:fgeneral
atmosphere,. surrounding doetpral.Work-in.engineering_jnthis country

_and. to_convinoe the :brightestyoung-Cana4lan-students, that .there are
challenging opportunities for advanced work in Canadian industry"..
increased dialogue with .industry as well as upto -date.ieferMation on,
jobs_ available would .make.the employment picture brighter and more
alluring to prospective Canadian graduaLe students. especially.if-the

;J:umber.of industrial scholarships were increased, and more interaction
were seen to he 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 engigeering, more must be done to.encourage
good students to stay in university iAstead 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
shoultlendeavour 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 C017 abandon the quota of 45( doctoral
student enrolment in 1974-75, and plan on .roughly the present
enrolment for the-next five years, assuming greater interest
hy,Canadian students in engineering graduate work. If this
interest does not material ize, 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.



Recommendation e2

.is:recommended-that.stepS. be takenjtOlnform potential

andidates Of.the.Value of MO in manY Plialtu=s.a A9Yernment

andindilstrY, 116(.0raY. i.ris01.',11. aria deVeloPthent.':The'
thrOugh -41gricies .

Sa,a as C64f..- shOuid:discuss'wlth thi; industritil and-goVernmental

eMployers steps, to he taiteh jpintjv in:prder.tO overcote the

s)lortage_of:Canadiaft_studepts.

It is recommended-titat,thy univers4ies.maintala the situation

where Canadians and landed immigraats constitute at least

U._ Of the-doctoral enrolment in any programme,_at.any one time,

,von though the number of landed immigrants May-decrease:

R,ecommendation.C4

is rktto,iimended that the universities, the provincial government,

.c1,1 grallting agencies cimstder the remark's of the'consultants and

amine the.extent to which the limit to student income deters

Canadians from entering gradnate work. -Means of supplementing the

irwomo of professionally experienced students should be examined;

increased contacts between faculty and industry could lead to

increa:,,,d industrial support.

Admissions

ACAP Joe:-; not suovort the vik hell', by the electrical engineering

nsult-ins :i, namely that admitted doctoral candidates should have first

class standin and proven research ability. Many.students who graduate

with high second class honours have become excellent research engineers.

lhe usual minimum .standard of tl.e better departments is a high B and all

the consultants agree that high standards of admissions prevail generally.

!iecommendation C3

It is recommendcd tiu 0..tch Discipline Group monitor annually the

admisions experience of each programmo (Eost facto) and report on

tat qoalitv ot the ,Amitteo students to ACAP for transmission to Cot'.

Co.OE itArcvs with AcAP on the annual 2xstjacto analysis of admission

pTA4:tice (page 1173). Thechemical engineering consultants! have suggested

d It 'and isdie!nt been a-cceptt:ti who', in the

-opinion et the --..ommittee, do net.fultill the minimum requIrument, the

)117- .1%1V COC Elias rt..coinrtcndat be made to tnce requlsite

auth4o-Ltv -nikr.gebt ing no 13W be awarded for that. stUdent". ACM' does not

:
t 1!, S report 111'4 by flu:.

croup should t'xvrt considerable pressure if an institution.



repeatedly admits students of a low standard.-

Undergraduate=Gradaate Relationship

Someconsultants-assert that each:department should proVide.all
study:,_ bachelor's*mastee.sand',doCtOraL.,-§orn go solar.

as.tti Say that.octorarprOgramme:in,eachdepart*Ont'is-eSsentiul.
cope, .on the,Otherother, feel:sthat WhatisJmportant for a-good
undergraduate -programmeTiS research, and professional actiVityl*.the.
faculty, and that this.can be carried forward without graduate .students,
although:atpresent,thereSearch activity ,is,most easily carried on
thrbugh graduate programmes .(page- ACM) agrees with the position.
stated by 'CODE and indeedapplies.it-to all subjects, ,not only engineering,
but with.the-comment that in, many` fields. it is not difficult fora
prefessorto-be active.in-reseerch,without:hav#glgradnate -students.-

.

We would point out .that' the other position wpuld'implY that 'ne-department
should .exist unless nit can operate an effective doctoral prograMme,
a..-view:whiCh-we find impossible to.acceptThe'absence of sufficient:-
research, and professional-activity by.professors would raise'questioni
about the quality of a department and ..hence of.: its undergraduate

nofferings, whether or not it of doctoral'work.

Thesis Quality

---Fe commendation C6

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

Since dome of the consultants have macho reference to the make-up of

exom ing committees ACAP would wish to endorse this practice of
ing an external examiner.

Critical Size

We -wee with coin -: 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.cztn.a large school. The question is not one of principle,
Iut one of fact: does university A in fact provide the requisite environment
for interaction for the average student in its department X?

Mnst of tiu consultants considered this question carefully and made specific
.-,mionts but others provide, no evidence that they examined the matter in



any of tilt. unlyt.-rsit While 'most' agree that successful pro :grammes
can c 2a.t .,in stall as .wv..1.A ati. large departments, the coristil tants 'at

.

expect ;i wiLig range of s:onrses. :of tereLl, Phis in turn requires :t
aitt -number of students- to make, the courses e,..-onoliqcally foasibl L. and.

.3.Ladomica1 ly st imulat tag.
_ . . .

Mob i 1 it of St udent

The' diem i cal :,ett'g ineoring . eons u tant":71,are- cunearned -about the Birk:.
filot!i.tit Of A-1.,LIOAtt-zi:-.0,4i; ag.nYX .c.7.9ns1,4%;=t'it a good
vdtteat,ionai.expetienctstudy:Hforal.1thret!..derees,
r .;16,-;irr! and doy t 'the Sathe itnivt:it'S it v proi!.rarnme

sahleness and' proo tudeSZ -anY 11kicrit

ti 4' Ort7,0 iET t*.on i4ct with -di ffLrent faculty, st udents Ali Lieu and hods
I! ,

...:oriet_ Ames .1wa,rs pro,fets,o1- tlas iu Ilieury, inen th4r
iii pea,:,t, lee the. 'student_ must.. Mit be vr...:yente-d. fr9:p-gOimic to t i n .

. ,That -view appears to ht'_ 1..orrect provtleti-1 Udilit: 1,S
11 k siAind i...)-tAtinkis". b.isi!d: L311' good l'uforv.a.t

'the opportunities that art! avai 'able to, ILI and tak
of the undesirable aspects of remaining in one universit.-

i:...0m.rftoniati on C7

re..commendod that L.,:ncit Inv .Croup and C.01).i. .levv.loil
,)roposaIs for r;ak fl'. i t oral:it ion on graduat t' work in :111 tint ario
uu i les i I al) le f o erighieer in Student ti, in siv.n
col I t.ct. hit.. way and infarm ACAP -of. tlic .-a3q ion takun.
t,ruitp :.-wouid report annual ly on the university last attended by Ow
o;rathiate student s ill eaoli dopartmcnt.

In l'?72-7 18. t oral studlmt s studying enr,ineering wort' doing
,;i1 on A part: -tiMe f617.. of these studeutti wvrt.:! C;111.1diAtp, rind

u-r 1:cwid It would app.ar 1tcf4e

fr.l proo,r.imples iv-cud by tho profession to upFrade

and of it s pract

onSt1 I t .iti t d iv iLled on t is.:01r part-i
citid_< 1 t 11%, the tl1 d lit r.tr.t, etici,itiay.td" and

" u I I t.'11,:ottrag.(..ment 'Boil d, bt" I Vcn t O part -t r.:e doe t oi-a1 i>ru y: r:inune s. "
t I i a plat-3.- !,,r p:Irt -t that

tt'a tail t oil t;i:01. t. ik;i1111;., plrt-t
st ren,,z,ths t d.partrit,nt:. t.

...o1;,t: I 1.11Y4.1 I Vcd 1.111f.lt 1" 1 . t i

in a proict in an which th.. tail I-t 11.1:

;



RecomMendation C8

jt.1.4'rectlaWn40 ,that4L4he-Pre.sent any. P4rt-tit4e-or Pon-rePidPnt.
Apctarel Work,shoUld be by individual arrangeMent And that experi-
-montatiort.:1n:thisjtype.of programme be entourage4. It is also
recatmend0 that the .researchjopic- of the student. accepted on-

a-.part7tiMs 1;4sis-be.in4 field. in 01.01:the:Iltbfesso.rS in the
department have expertise. It is recommended that (CGS .examine
existing university guidelines in this area..

7.7;Cooperatiion,:

01*.ofil.-441116tnt4 .-th4 all the cOnSOItantai'agreeUPonA0 the,h0ed
f0,10creaSed7ceoperatienboth'withinand,betWeen:UntverSities. The
ChemiCal'engiiieeringeOnsUltantsjOUnCa'neediarincreaSeiFinter
action between theyengineers and the pure scieoce faculties,,::Some of
.theothercansultants felt.the:needlfor more communication and cOoperation
betWeen4he.:univerSties.andinddstryand government. Agastly,:bort:::
effective use could be made of.:. the resources in the .province if the

Ainiversitles themselves joined .together.. in some form. of cooperative__

endeavour. CP0E,endorses.this last point quite strongly, in. its
response, page W-4.'.Sharingofequipment, discipline meetings and an
interchange of credits for'graduate courses are a few of the methods
listed by copE that are to be encouraged .on the W4Y'to.making this
cooperation a meaningful anti.warkahIe venture,. ACAP concurs with the
statements.made by the _consultants and.CODEand strongly supports their
implementation.

ACAP intends to request that.each Discipline Group report regularly
tc 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 feels
it is time that OCGS conduct a review of this area.



rime -to Reach,Degree

The electrical engineering consultants were concerned about the
length of time taken to obtain the PhD. As they pointed out, the
average student- at one university took 13-20 months longer to complete
his doctorate than his counterpart at another university. M 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.



IV '.UNIVERSITY'.RECOmM.ENDATIONS

Engineering was split into five :separate assessments, cine for .each
z.he rive, traditional fields of engineering. Ty.ci universities Western
Ontario . and :Windsor, 410 ,.not-. administer their doctoral engineering writ
alintg these lines ..hut rather:'on an -,interdisciplinary .basis that cuts
hor i zont31 v. ;lc, ross engineering. FOr thiS.reasan these. two universities
are he ing ,dealt with 'separately and not as part the. more standard
approach..evident in the- five assessment reports. Guelph- also
is include4 in this section.

-University of Western Ontario,

The University of Western. Ontario began .to offer doctoral 'woric in
engine!=ring. in 1965. Since:then, twenty PhDs in :Engineering -Science

1,4;en.granted. From the, beginning:ef fort has been made to emphasiSe
its inte.rdiaciplinary nature and,there has.been a limited number of

,4 rt'd S iri which the student lay do his graduate .training. At no point
degree:-been given in the so called -traditional fields of

4..ngineoring.

then are seven main research areas: .in which a student may obtain a
in Engineering Science. They are 1. Geotechnical 2. Boundary Layer

Wind- Tunnel. 3. Chemical and Biochemical Process Development and Design
:"1.4ter ial Sc ienc-e 5. Systems 6. Applied Thermodynamics and .7. Applied

EI-4-ctrostati-cs. Environmental engineering aspects can be studied in
theNe reSeareti -areas except Material Science.

Wst4rn's response to the collective engineering picture gives. the 1973-74
(7nroimcnt as 29 F.T. and 15 P.T. doctoral studentS. In the additional

given-to,ACAP, 18 of the 37 current students' programme of study
were in the cfwmical'engineering field, 8 were civil, 5 mechanical,

A:14,1 1 o.1,1 in electricai and material science.

'!z. ht.71.1 e.i 1 engineering consultants have provided evidence of that programme
. :f good quality. The systems research area depends .heaviIy on

,nwineering. ACAP, therefore, concludes that the research areas
E1 .111d Itiochemical Process Development and Design, and Systems are

.,.it 1 z,t,1% torr qua! itv.

metallurgical engineering consultants have recommended that the Material
prtwramme'bet,-ome a part of. an interdisciplinary programme rather

th.4n ex. 1.1iN.'elv material i;cience one..This was in part.. based on the
t Ow group is-small and spends post .of its time .ti....chirrg at the

t.u14i.-1,..,rhiu.ito I kf Alt: 1 . Till ".1 are °carrying a large programme for a group which
si4.c.14 1.V0111 .t he. additional material supplied by _Western,

tic vvidence. of interdisciplinary activity for students who
diking research in this area. ACAP concludes that this area should

.a the dot Loral _level.



TheareaS pf:MTechanicai engineering-doctoral reSearCh-WOrk. are:SOSOmed

under the main researcharea,Applied Thermodynamics*. _The.consultants-

indicate.that the doctoral research connected, with heavywater.ls.pt

good quality,but:theyraise verySerious..(14estions.4b6mtt4e 0.0t6r4)-
work in acouStica, They feel.thisfarea shoUld berestriOte4 to work 4t

the. master's-level..

The-civil-engineeringcOosuitants:did not maltecomparative judgements,

but from some of the'phrases.nSe4Ogr4ethe .Boundary Layer, Wind

.Tunnel Laboratorysuch aa..7internationallY -known ",' ACAP has no reservations

in recommending :continuance Of doctoral wail/4 in this .research :reap even
though it .appears to have little interaction with other groups... The
civiLengineeringOnSult40S'toldAWnothing about the Geotechnical
areaand.-we,therefOre, bad,difficulti in recommending a position to

.

taken with regard:to, this field.

The last-research-areai:ApplfediElectrostaties, the,mostdiffici;ltto
asSess.,..:_The electrical engineering.consultants have recommendeddis-
continuance ofthedoctoral programme. They feei,the:students are.-

getting tOo.narrPwr4ining ityelectrical:epeneering,7 .1fiectbservefr.:

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

in electriCal engineering,. but rather for .a general.' egree in engineering:

-scienCei-Although:there are-only_a few_faculty_Members.in this area,-,they are

..internationally kno The main problem would, .therefore, sees' toile

the extent to Wilich he .doctoral training in this area is of an :inter-

disCiplinary nature. From the data available to ACAP, we are unsure.

1:r*.course of discussions .with representatives. of the Pniversity.of
Western Ontario, it became clearthat the Faculty is involved in a

thi.)rough 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 id.noticeabl 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.

be

.

se considerations have. led us to formulate Ow following reconinwndation.

Xi:. orarnenciat C1

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 in particular
delineating carefully the.areas of research in.which .f.c0s,_
appropriate to accept students. In Case-a favourable appraisal
is not obtained by October, 1976, admission of new students

thn be suspended.



University of Windsor

Early in 19711 the Faculty of Applied Seienee 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 Cestly, duplication

graduate .course offerings and to attempt to,;create a .greater cross-
efrtilization of research by involving foetaty members from-different
enginec!ring departments in various facets of a lergei research plan.. This
examination led to the recommendatiOn. that Graduate Studer be operated on
a divisional basis, with the seven undergraduate departments being
consolidated under three graduate divisions, :namely Engineering Protes&-
Oesign, Structures and Systems. The three dlviSlons would each eject a
Oeirman who would decide an course offerings- and enrolment levels. The
three eltairmen,-one elected Member farm each diVisiorl, One graduate student
and .the Dean _of _Applied Science form d Coordinating +Committee to oeersee .

and coor nate the wishes of the Divisions. This plan was approved in
:spring, 972 and is now being implemented.

Some 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 tbe old departments and these nine areas are
in turn divided fairly equally among the three divisions.

The degrees awarded will retain the. old 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'.

Ihe consultants' comments concerning Windsor vary, but a number of their
reports imply 5044 doubt or _uncertainty concerning the relevant departmental
programme, either with respect to the situation at the time of their visit,

or ill connection with its future direCtion. The chemical engineering
consultants saggest 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 empiosis on master's work. hi the case of electrical engineering
tir consultants inditate that good work IA now being done in doctoral education
in two tilds, agree with the present plans for no significant growth in
enrolment and f..,r no expansion of fields, and go on to recommend a review
,Itter five ve.lr--;.

in vicw of :thes-con!:ilderations ACAP feels.the Pniversity of Wind:wr should.
ia! given time to produce a viable in:crdisciplinary system of dept oral
ew4inveriees.tudies before that syNteo is brought forward for appraisal. This

weuld determine the level of qua;it.y.in the new divisional system
and wherbi or not significant 'interaction has been achieved between the
staff and si414ents of the various departments.
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Re-ommend4tion Cil

It irec0170.104.0014t: t4eUnkt*sityOWindsof c911.tinue:the'
_reorganization of its doctoiaLwork:#,enginOering

programmes .(presupably these, 'the three divisional

P*IgiaTP105. . which. 'are A41$1AcinS the,departMentai OregraMmes)i.
for appraisal_When thenew :system hasbeep,in:operation
sufficiently long-to-permit:a-valid appraisal! ,Intolment-of.
new shouldcease after October, 1077 if a favourable
appraisal has .not been Obtained.by.that date-

University of Guelph

T he University -of
..:
Guelph-has f or soMetim eoffered:acInterdepartmental

110:prIgramme in hydrologyie.which its Engineering School plays
-It also plans to develop decLotal work in agricultural engineering,
which it already offers at the master's level. There are'no'Other
Alrogrammes inagriculturar:engineering.in the' province.

fhe matter of the interdepartmental programme would appear not to be
central to this assessment. It would not be inappropriate far 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 follaws.*

From the planning viewpoint, there seems no reason to do other than
4ecepr the University's intention to begin doctoral work in agricultural
engineering, whenever it feels the time is ripe and the proposal has
passed appraisal. 0

It..commendation ( :I2

It is recommended that the involvement of the School of Engineering
in Lilo 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,
sub)ect to normal Appraisal procedures.

* may by noted that Cot' did not accepbrAecommendation C19.



CHEMICAL E.WINEKRING

This section:of the ACM!' rA:port.will_dealwith.the recommepdati ns found

in the chemiCal engineering consultants' report

refrence:made.te'VestPrn litndsOr.since.thesetwouniversities.:were
mentiOned4n a IliOiliO4$ Section. It is'imn.ortant that the ewaau cants'
report and the,universit); and discipline group respanseS be read at the

same time.as.this-ACAP rePare. .

Recommendat ion .C13.

It is recommended that the departments take nate of the consultants'

recommendation 1,0 to group research activi;ties in well-defined areas

so as to establish or reinforce teams, thus providing a more

stimulating environment for. students.

Recommendation (;1-

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 area.

The consultants feel that McMaster's goals for the future are "realistic"

and appear to-h6-"ahlevable and-productive"

Recommendation CI5

It is recommended that the University of Ottawa continue its

doctoral propfamme in cOemicai englmering acetic-ding to its plans.

l'he_Cniversity of Ottawa specializes in thre&L main areas including

thermodynamics and transport properties; kinetics, catalysis and reactor

engineering; and transport processes. There has recently been a shift

towards a greater environmental emphasis. The consultants encouraged

Ottawa to keep tip with changes in the areas of research and graduate

teaching and Move into these new areas whenever possible.

;:ecommendation C10

It is recommended that Qttemts University reevaluate its docturxl

programme in chemiJ.al 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

,usidrs l,propriat. If A favourable iopraisal ha:, not bten

received by October 1976, enrolment of new students should oe

suspended at that date.



(lueen's.University'specializes in the following five' doctoral ,research
areas: biochemical and. environment engineering, chemical kinetics and

proc'ess c.ontrot and simulation, thermodynamics, and
transport phenomena. :these areas cover most of chemical 'engineering
making-a-rathPr-Uniformdistribution of effort. -The. publicatibn` records
of,only .4.wo-OrofeSsOrs are.Very allthe rest'being,averageor,IOw.
ThiS raiseS0-estiOnias-t6 the'actiVitieSafthejdedity.SinCe:thdir '

Connections with professional 'and'sCientific\socipties- can be described
dative "_'._. 'Ilw'CoOsi4tants.feel alarmat_t-he number

Que.0114s achelor's graduates who undertake grOduate work at the same
iastitution:'

Om the: optimistic-side., the-consultants note ,that-7the.veryexcellent
4eviopment planningand programmelorecasting:.s4gests2thatthe
.denartment's goalsiandfotore,.research activities will be relevant and
re:ppom;iVe-te.the: preVailing needs -of thee province`'.

suggests that Queen's might consider strengthening 'its.
faeult or alternatively, it might. consider consolidating Its existing_
Wide scope of research areas. As to inbreeding of students, ACAP draws
Queen' at to Recommendatixi C7.

.

Recommendation CI7
. . . _ .

it t s recommended that the University of Toronto continue its
doctoral.programme.in chemical engineering according to its plans,
paying particular attentia4 to.. Recommendation C7 regarding

of its graduates and to Recommendation .C13 concerning
grouping of research areas. It is recommended that the University
of Toronto _report to CST through ACAF by June, 1975 on action taken
in regard to this Recommendation.

the Vniversity of Toronto.lists'eight areas of specialization,all'of which
show a rather uniform distribution of faculty effort. The exception is a
marked emphasis on applied Chemistry. The consultants would like to see an
effort to group the staff in given .areas of research instead of the present
policy of allowing a staff member "to select his own path". The consultants
did not tind Toronto's statement on its plans particularly helpful .and they
offcred no. comment on it, other than to say that "it is doubtful whether
Any increase above the present enrolment would be beneficial to these new
students or to the student body as a whole". The University of Toronto should
also encourage mobility of its graduates to the bcnufit of other departments
3nd of L;ie students alike.

it in rc:commended that the:UnivLisity of Waterloo continue, its
J;-,ctAral 1:,rogramme . in rheMical 'engineortng accordin'gto Its plans.



The ru veTsity.,af liaterloo has grpuped its reseacCh 4c tIYI.ty into five

areas -. including:biochemic al and' food engineeriag, ieztractiveiand process

metallurgy; polymer .science and .engineering, : mathematical analysis and

control; and transpOrt-:processes :and The
covering. a Jargepart-,of- chemical engipeeting, but, there are defined,,,

groups. to :Coordinate the pro&-ammes. Although-the consultants considered

the statement-of goals. and objectives _"lesspositive and definitive"

than, others, -they were pleased to 14raterloO'S intent ion- "to ensure

'research activities by tin!: use of .more: post-doctoral fellows. and :hired

research:assistants-:(non-degree candidates) if this should become necessary".



VI. CIVIL ENGINEERING

:Mc repoctof.the civil,engineering consultants contains a number o

141.11r t.S1:ft fe0mIllePdar ions. of u &heral:. charaet,er.

Tlu of themanpci.wir.4itUatioh itippOrti.-onr7ReeOMMOndation7C1:.
iheY suggest that 4.t would be wise to expect rather lewer stedents than

Pf/the'st4ted university plans. Co.nPidertng the :uncertainty
tof he ,maapoweir analysis: and the, size oUthe numbers inVolvad,.ACAP. does

net:feelitdteirablejo formulate:any'recomMendationsiaboutindividual
on re I 'ACA P does . advi.' ev each university to:-consider the likelihood
that Lao doctoral enrolment engineering ,may fall further
unle7s the.fractiott.of Canadian students increases substantially from
its present°1evel of about 25%.

Their comments .that the "study ,cif a civil engineering speciality in depth
necessitates increasinglv...some graduate work", reinforces our- Retommendation
C2,00ucerning publicizing the value of graduate work.

"They argue for more part-time work and closer liaison with industrial and
governmental -laboratories. Recommendations C2- and C8 touch on this point.

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

consultants perceive a need for "more consistent requirements of
act-optance.,..between universities". Although we do not recommend the
partieular remedy they suggest we do make Recommendation C4 in this
connection.

-ltters specific to civil engineering, the consultants stress the need
ftir 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) dead to some growth in faculty when generally universities
are expecting a fairly static period". On pages A-49 and A-50, they quantify

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,
reughlv 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".)

pfc con!icTivuic (If th4o4 based on pacs A-25 to A29, is summariz,d
in 2,



F:NCTNFERINC,

Possible Consequences of the:Consultants',..g.ecptmeti5Iatthns
on. Enrolment and Field Emphasis

Universit eS.

-Carleton

McMaster

Ottawa

Quen'S

sToronto

Waterloo

Geo-,
technical

S

.Structures

R

Order of
Water. Magnitude
Resources Transportation of Enrolment

10

8.

I

17

25

30

LEGEND: R - reduce enrolment
S - static enrolment
1 - 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.)



e. aro 4 it t ties In iccepting. these rec!..mmendat. ions. :For cx.37.11p1 c
it j ;i aSks'wlvat: it fif .1:1; .1)f kin rolMent f strui!t u're; utostild ;to.:

tetal-aronn4:15,.pne comes.np:with;Something like: Carleton g,: 4OaSter:0,
t CiWa Que'One ,1'oi7tstit 0-,4,-,w.tttrio-0 4. w 71.0pking :t heft...at 'tiariSfuirtat ion
one fiadS;dOctOrt.l prOgrzunmes C'irleton,,TiotosntO,.;ind Water Ititi...Qh 1,64

pl.ice -tame ..has to -ask, if -this is ,thef:best way
ts.,cle've'ltia rtes 414111.; gozltity total work. vo414: tt be :;1;:bet ter strategy

to one ourage..:carlctorii,' for example, to id, 4 -*0Tnewh4t... 144-gtir .g.1-.4.p4p than

-4.si-tujettis.;', -1'01!te IS anOther concern. Are. all,the transportationion.

groupS of equal. prOmiSii placeS to :do' :ddetOral..work?.;*'lf..noti,.shonid

sonio..:be:7i4tti..411tfhorti.!4:710ek.xt1146.-9thqr's If- we real-1 elieve ri:penny7-
131!..14:07. could a f 0911 up lvers it y .perhaps.enxer this .

The eonsultants!HtePort'provideS no satisfactety discusslOn of these
questions to Justify Its proposals.;

,-.. .

14nallv unsatisfactory, and perhaps rare; 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 Ls
far from clear. A;i the appended correspondence (Appendix 1 to this section)
shows, the consultants decline tosdischarge their terms of reference, in
particular Cie and the paragraph following C3d. (See Appendix D).

H-ln particular, although the matter of critical academic .enrolment size is
discussed in gene rally acceptable terms,.in that.the froposition is stated
that- there.is.no a. priori- reason to assnme.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 teases, nevertheless a question must still loom
uns'ettled as to the academic strength (from the potential students'
viewpoint) of several of the programmes, namely Carleton, Guelph, McMaster,
and perhaps 'ottawa and Queen's. (lieine has been appraised.) Of course the
consult:Juts' report, due to the lack of rationale in it,.gives no reason.to
s6ppos that the larger departments are necessarily of suitable quality either.

ACAP cannot justify to itself recommending the acceptance of the consultants'
plan, calling as IL does for static enrolment, small shifts of emphasis
In fiolds, and no now developments in any department. We feel that the
qut,tion of the best way-to develop doctora$ work in transportation and
water resources-must be mpre carefully canvassed and that whatever the
answer be it must fn.: adequately Justified. -Some evalnatian of the quality
of the programme-1n each broad field at each university must he available
'bef.)re we can make any credible recpmmendation.

AcAP would like, at Hais pOinf, to draw attention to the Olscipline Group's;
response, Appendi:.: II. The members of the group feel the consultants did
not "seize their unique opportunity to make, quality judgements" and failed
to "address themselves Lu the question of'quality in the planning function



-

in their- conc4usions.anci recommendations. ' The gi*p thinks: that a

statement that"docntents. the ,sundry strerigthS,andweaknetiseS if they

exist. could well increase the value to those on whom,the responsibility

for Planningult natelY-1.4tS"ACAP:'therefore makes,thefollowingrte:

recommendation.

Recomme.ndat ion C19

It is recommended that- recommend the continuance of the,

embargo on the funding of.-anynew.programmes in civil engineering

until COU has...1C.7cepted,a Discipline:OrPUP repoKt.dealing
adeqUately:withthe futnrejoleof:each department in respect
Lo.the'd4ferent.fieids of JO(,tordlreSearch,--paying
attention-to-the relative strengths 4ndweaknesses.of each.

department 'and the change In.emphasi.S.on fields-recommended

by the consultants. The report should be submitted to .ACAP

Jeaember 31, 1974

We regret that'. tbis recommendation-iS necessary. We note! (page A75)

tbat thOqSc-iPline. OrOup had:notpreparedjar the consultants the

reportalled for by the agreed procedure (page 1)-6) , We note also that te

nnsultantS :,gate that-they "have formed (their) ownAudgement About

the strength8 of different- civil-engineering departments and -the are44s_

in whi.-.h they are likely to be able to attract high'qUality Students"

w$.,. 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
F. 0. t..1 000
HALWAX. N. S.

2 1 February. 1974

P-r6fe#sOr M;. A,,. Preston
Executive-Vice-chairman
Advisory Commitz.ee on Academ c
Planning,.
coUncil-of,Ontario UniVerSitieS
102 Bloor.Street West
Toronto M5S 1M8, Ontario

Dear Professor Preston:

Further to,our recent telephone conversations, l have
now heard from 411 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 programs 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.

Eckenfelder
13:V.-Martin-

Yours sincerely,

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



NOVA SCOTIA.TECHNICAL COLLEGE
43." SOX WO

HALIFAX. N. S.

DedeMbOr-/q7.3:CIVii flgGINL !RAG

_professor 1.-A.

Advisory Committee on Academic
1?lanning
Coinc i 1 of Ontario 'Univers it ies
102 n.loor ?treet f..tost.
Toronto !`15S- 1148, -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 nur report since,

in our opinion, none of the civil engineering doctoral pro-

grams were found to fall below minimum acceptable standards.

I 3m looking forward to the comments of my colleagues,

in this reaard.

nonlc!t

P.V. Magpin

"ours sincerely,

G. (1. -4eyerhof, Pead
Dr?pt. of Civil. rnqineerino



ADVISORY COMMITTEE ON ACAI3EMIC PLANNING
Ontario- Coasncii on Graduate_ Sttidies

i'rotobsol ST ,

i'kea /t/t1 t rr4._f 1

t \t.11 Of. 4 l's41 Nxit \:L\ i K>I t Jk s.
Hioot Sluto 114c1, ixt, tbo.frio.

t 414i 4:11 hithi

Mr. Mart:in.

Prof . . .Meyerhof

Prof. W. W...Eckeefelder,
Dr. J. L. Boulet

Gentlemen:

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.

. . . _ . _ . . . . ..

'Yoe Will see Irom the comments that.there is censiderable dissatisfaction in
the universities and in the discipline group with your failure to come to terms

-With:yolar 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.ofthe most important aspects of.the-terms.of
reference you undertook-is the statement of strengths and weaknesses of departments,
TaiSthat 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.

Iu 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 eater resources, do you expect this t be achieved at Ottawa, Toronto,
Waterloo and Windsor for example? McMaster (and he others) would like to know.
You tell the University of Western Ontario to em size boundary layer wind tunnel
work; but what about their geotechnique? Since Guelph now has 5 students In its
hydrology programme, how can it he 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 adivee
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?



-One of the aspects .of quality has to do with the size of the student

enrolment.. Ytxcr, sill seejrem the university reeponsesthat thereAs some

differenceef. 'cTi1116n ,TheTafficiall-positionof COU, recently:adopted, IS 44.:.

"The quality of graduate OroeraMmes is partly, dependent op size, and for each

programme,-de-0-endingoh-hoW.it--is designed end its scope;, there. is. a: minimum

size of enrolthent .below which quality may suffer. That number cannot be .expressed

for the discipline as a whole but only for "individual,ierogremmes depepding on

their per-pose,: 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 whit criteria determine the "datisfaCtory.,

environment.7 In ACAP wehave identified two areas which we believe shouid'be

examined in this cennection.. One is., the opportunity for the students' development
through-informal intellectual rliscussion with a peer. group: with common engineering

or scientific-interests. This peer group peed not consist only of students;-it may

also.include post-doetoral fellows. It ,need not be confined to, .one department,

but may include students in other departments 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_l or 2,stadents, we see that the

desirable enrolment size is a function of, course structure. If-there.wete a

programme which .did not require courses, this second criterion of size would not

ripply. But if it is felt that students should take 4 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 U4 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 disciplines. 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. enclose a copy, since it may make clearer

what I have been trying tea say in this'letter.

After you have had a short interval to .consider the letter, I shall. telephone'

ProfesSof Meyerhof-te. diScusS the mechanism of your response. We need your assistance.

Yours sincerely,

..

M. A. Preston

"eeeteeeeea.
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fhe department 'at three ait':4144

control and systems, .and computer_engineering._,With a .14cu1tyef-ll,the
consuliantscolt that theywere-spread over a rather large area:a eivetrica

engineering. :A.small department withlasmall humberof:staff and studentS

can operate an effective doctoral programme only with compe sot.ent'profesrs,
_

to4Te:',-,,,,ntarytields :01 .itudy and an'adecinate research envtronment. The

.consultants rol:Tiend dis:.-ontinning the progranFV.. .)W,A11 Ws considered both

the eonsultants'.iePori and the univt. and-has concluded that
ottaaliati:a:contributiontomake_to_graduate,eleCtrical :engineering study

In opt* rat 'Spec Jai iv'ojci. 'programme of L,fratod- Scope and

r)nriended thicafneen's l'nlverSitY-contintie its programmL\

1,j1
.engineeKing concentrating.-in 'the .v41#1-nr40Ons'and'

tilds wi-4)-0,:!iz4.s16114119 a :titudk!nt-in,cognate_areas..of_

oie:trolli,-*' Auk' tiL;rgy procOSSing,' Any propoSed substantial
4evviopments in .these latter two fields would_ he submitted, or

tt IS :31-sti rci:0-1511wilkkd the-department Maintain

nr,4.111:tnt i s present- level.

0.t.pvc141izationat7Queen .s are coMmun-ieatiops, systems,.

-ectrods,,, and enery. proces;Ong. The consultants state that the work
is I.:0041 hUt is only fair tn.systems,-and.that the

Depart-1::ent. sh!cnid not, offer prt r amme in the latter two field:.on a

however, we suggest that an occasional student be allowed

in on of these fields. ACM' accepts the consultants' view

aina enrolment which was :;:ade on academic grounds, not for planning

-.reasons.

It is recommended that the niversity of Toronto continue its

lot'.ral work in electrical engineering according to its plans.

t:rdnit work at toe rniversity et Toronto covers seven areas .including

omputcr, control, power devices and systems, solid state

k.lk;t.tbettic,44-wave scit;ris, and bioinedli-al electronics. The Coverage. of

is ],,ne than adequate and Toronto's "star-studded" faculty .

are spread over tne seven area indicating significant breadth across the

4.,part!nent. ihe 4:ansultants conclude t'- the Toronto department compares

t-ith ate. Lit the major InAirnut 4e 5 in North America.

t t *v r t91.' t hat. t CO ive

wor4K in eleetrieal'eng

r

ty tat Waterloo continue its
eering aceording tb its plans.

'niversitv of Waterloo conevntrates in five major areas Including

comput.;rs and communications! control, systems and networks; deViceS, circuits
and material,,; power vuginvering; and, antennas and electromagnetic

1L,r- Jr, field,, bioentjneoring and electroacongticn,

and these Uelds should be limited in size to the present level of activity.

Waterloo's highly competent faculty and well-equipped facilities, there

n Thstion that the enrolnt level, planned by Waterloo can be accommodated.

V



V111. MIL ilkNICAL 1%CiNUAINC

fire_ rte nPmber ot-ge p rat--recommendations and made, in'they
me;shani.i.aten-iiineerin:COn4UltentSi ,report that are ailled-at.
as .7:a vil'olei',-::-}tei..ommendat r the..indivi:thial 7 universities-foilOW7thiS
more genera,l.:section.

;t2ngiP441riugn4lti1,nt. IntL4patv.Ally..over4uppl.
'artifiCiaredicCisHpeCeSsary-to

ontrl' t.he -number ofi,Phos.;,--ih, the contrary, they suggest_the-.prob,.tem-

,efgood 4todents.-:The-ConSUltat4S think
th,it otlt.irio might, in fact haVe a shortage of mechanical engineers.

c-1.t.-,sica1 " versos "aPpliee- research pro)eets and a-shift in
etarha,iir, of :Ands.' ary the neKt problt.i attacked by the consultants.. They
le-el that the doctoral education of today should Shift MOre-towards_prOect.
And dIfsi,'.n activity. o this end, they advocate inereased.dialogae and
cooperati9n with et,tside agen:ies such as industry and government. if

we it at the problems before us today in the fields of energy, transportation,
or t40 euNUroament it is apparent that. there are many gaps in the knowledge
which should he attackf2d systematically to provide the basic design data
which is essential to advarkes in engineering and advances generally in
test-hnology on the broad trout". The consultants also recommend a change in
emphais in fields of study. ziome areas of research that need to be developed

I i,4ted on Page A-1A t_

rheconsultants.do not condone departments that attempt to_be:good in, ail
.

They feel spei,ialization is the key and that"eonsiderableselectivity
is required in the choice ,4-a.partic,-ular area of concentrated effort". This
hoie of :areas of concentration should be left up to the universities. ACAP
en;rees w;th this outl.eA but.aotes that-the.initiatives of each department in
int:trio are mitters for collective consideration.and advice. ACAP advises

. the .departments to consider the. consultants' suggestions noted in the .addendum
and asks that they report on progress made after a year of mature cOnsideration.
After this time, the Discipline Group, in its normal role, would continue to
,,insider the development of new areas of graduate study and the possible entry
into negle,:ted fields in mechanical engineering in. Ontario and wauld make
recommendation!, to ACAP where cAiango is desirable.

Auothcr r*roblev! the r:echauical engineering eonsultants addressed WAS the one
of faculty age. Since the Ontario universities have been through an expansionary
priod in the sixti,'s, large proportion of the faculty is below 4 years old,
cansequently lackin4 semethinlz in maturity and industrial experience. file

tonsultAnts fevl that although Ow retirements in the next several years will
be few, the universities diould take these opportunities to introduce new blood
b am/intim, f,lcultv with industrial experience.

It is important that the corp-niltants' report and the university and.
discipline group responses be read at the are time as this ACAP report.
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( a stronger 4evel.pinent of fo i 1 nf.tireSt

.strength' sukgeste4:by-. the 'vonsUltant,s;: I h 1.7niVeriii.t.ies are
re!-iliest-ed. to riXport to ( UI I t SJ:firozigh during the ,

of .1975, on the rcsul t:i O! t con':-thierat
. . . . .

The. ie4.,114rii.cal Eng.tne.. tousiiltant s in their .:1idencinea, gLv.e v 1u4 le
suggest ions* 1,0r; foCiiss.ing reseztn..h ;,,.each department letNe

stikget. LUX1S ipt ir to be-b:ised on both plruming anti grounds of
ac4idemi.4.-. -y but :Atte mat. ivt.: resear,. I loc. I t: , rni ed out
Ccinsequently, rts-coomends tht the ,t..tir-4.,e.doctorzil programvws
but that 4JaCti ur,fivers it v note the con:-11tant and report on
progress in .1 tiio.

Recomerhiat jonì C2$

It is rec.-OMMended that, if the ;"niyernitv of ottaw& wiblies to

rvactiVate n doctoral programme in nicchanical enrineering, it
giVe corefid consideration to 4llowing :41m further maturing 01

the department before applying for ipprais,C1.

The. consultants, in their remarks concerning the t'n ver!-i it y of ot
page. A-17, recommend .that the work in the rsichani Enn ring Departme,nt
tyu.itworporated in an interdisciplinary progra!a:n:- ie.4.Prt,; to :m undesirnated
Phi) degree CAP notes the university respone, (7I4, which states that

they wish La "reactivate" tl.e .lot orai proramme, befort.-disenssion of this
new proposal. 0:e do not: at ihiS time 7.141.,t,' A recommendation on the-future
form of (.!ngint,-(.:ring Phi) work at the University of oilIwo- i.ppear to
lq.no.planning reasons why-there -shoul4'not be a programme at Ottawa in

mechanical engineering, but the consaltauts serieus rrvationfi about
the Auitabilitv of .4 mulher of the retivrch proicct,-; of the depir tnaut nd

ahont the limiteJ indu9trial o:Tvrion,-.0 of it- i staff '...lel!Aler-;.

1<2camme.iiilat Ion t: ""-)

It recommended chit tLeXntversitv t m-,,nfo coatirInm its docloraI
prox;rammes in Ilieehanicalent-inerin in depart.mcnt Of Mechanical

Lugincering and LI;(.. .Dep:irt;;Ient. al Aerospace 'Itudie:; and Lngineering. .

AL:AP .;tiggcsts that the rrtiVt'r';itv -ronsidor the eoufnil tants* ream-entiatil,,,a
a, greater concent rat 1:-)n rf rc.f:parcha:tivities of the ifepartv:.:tnt if

onnalor prti1ri o nationui 1/4.....oncern. It IF4

recort-lon,led t.11.1.t tH rni\yr7at-..- in fir"- (*or on! oCCS throu,.111 ACAP, ,trifw
i.A11
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X. Mll'ALLCIW kAL.INtl M1I1.1121./ALS,FM,INE.NIX6

,

Uhis. Lion )2 t heWA reprt...Wt It kii211....witli _the ..r.eeomMendat ions found..
1 t he a 1 l.vrrica I en4:. i nee ng tants'. repOrt There by no

t t host-2 two' :nal ye rs.it

were i ,Inca in a prtv ious t ion. 1t, iti. important the consulCall

report-,and the.nniyeisfLv and diselPline rotip responses be 'read at the

r i;;: t rop ,rt ,

It is rcommendoki th it the. nit vers it aXT: the const I tahts
ec.,:raiketisLit ions I , '2. ib ',anst &tea 1i lig with the. -veutcnt.nif,i cert ai n

t 1 4s. ,s(Utly in the pre -vi thalt "the ,Pit. i p i.m4..7:Gro up: ri;port
1,1 \CA,P on any action t.'ikett iii consequexic of these rcommendations.

Fhe.eonsul tants, find it. surprising that there is so littl :effort in the
ot study. ilven more striking to them is the

it of any work in polymers in the Departments of Metallurgy and Materials
Engineering. la their first few recommendations, they consider it very
-important to rectify these neglected areas and, ACA!'. feels, this is a job for

ttw Di AP I Croup. They 4so feel it is important to -strengthun-41rvady
existing :hens of study and in part ula r ,create at least one intrnatiolially

known centre of materials science activity.

;:eeoc:cle.;idation t:32.

It Is ret,ommended that McMaster University continue its doctoral
programmes in materials science and extractive met.'llurgy, and
noting the strength attributed to these programmes by the consultants;
.make_a_ r in the fall of 075 on the following. suggestions for
improvement!

recruitt. of gtunt$ with physics and chemistry
b_ick4rounds

h. :-.4ong1h,:aing of the.extractive metallurgy faculty

c. ,-eilahoration with Toronto

7,oteriJis s.i.ictivt: programme at McMaster is considered by the eonsUltants

to be the he:,tt programme of t his kind in Ontario and probably in.Canada. it

i°,4 the oniY prvvrammo that covers. adequateiy the basic science related to

Aft c ;ssrts of !%ateriats: including polymers. The enrolment could easily
doubled without developing the need for any significaat .1-:rease in resources
all wh:td to u. proi;rammo, but enrolment, here, is limited in so oran.Y

areas of ertineering, by the number 01 qualified students.

xtractive metallurgy programa., t hough uLat. as strung as the ma ter ials
very suitafJP rtse.rtrch for .tiorteral thesis. The

tm, however\',, inadequate abut cooperation other
n:1 wi rni ver,; it taf Toront o wi 1 t grat 1v enbane

k7;) Er I -; prtir,r;i1:::!;4.



.1CAP tit ,..Mast vr s put tbrwar4l. tic,.
,..,01,1:-0.11tanUs;.anThthat:tho,univoT:iiy Tepot to ACAP on anvPk7tion laton

11.;",)1 . 4.t

. . ,

it is retomm.00ded that oueen's University continue.s doctoral
.;qorsio:11. riot ;L.1 LLrgYLU nd IiiQUL, ta 'tht JOCtOr4.1. pcogram14,..

In .i.:Nuractive motaLlurgv and mineral engineering as it atm- L\1 ',t'

hy an ex11,14-. programme involving professors.in :

other departMent u &ttiJ in the consuilants.report. This
now programno-should be Appraised and t4s should be completed be

it, 197u. it. Quee111:-; doe. s not Wish-ro.enlarge'its

pio.2.rwmit.. in e:-aractive metallurgy and mineral engineering, the
prosent programme -shouid be put forward Immodiatvly for -appraisal,
tin. t, enrol new students by. June 30, 1975 if a favourablo
,rat is not obtained.

<'.,,q!?;0(!r ProgrmMt21-1..P4Y9.1c41 .1110-0t917at;
(vv.. Of pro;,.rame:taught by young and .t4)enti1 jacultv:.

Alti;c91.',1 it lj r:Lak,: a Ort whi.ch to buita a'yrogramMe in
ow,ineerin. the .'onsaittontf; do apt re,!.ommend t. it Queen*fi do so.

it, pr,x,-.r.T7i;:e ext rac t :1,et thta at Ler hand, is. not so .ute:11..

It is !..;eeo ti.1 he Inadequate in its present form,
t:: ?:.;:la I J too .1 ijted an i.plqunt qi ,rosearch.
t f I n t rat. t ion ,; I t It utber df..T14rown t s and programuies

L=ut t be oon,..vItavts feel it is necessary to strengthen and develop this field,
Peet'!vA'1l-C1-1,,r:idnate-zind Maihratn-QUeen'S part 111-aidAtiit

Ie.01.-rship in CJILIda iv lit-inert:1 engineering, geology and related field!;.

it00*.r:Mc oxtractivo ;:wtallurgv is envisaged by the consuitant
t :opt t troi. the Oepaltmcnis Nvtallurgical Engineering,
1r' ii, Al iwinoorimi..., Pvt,inoetinl- and Ceology. ACAP roaifzvs that

but it --iost have ;;me formal structuro in
profest,orN .n,fare ot.their part in 4 couperat.ive

ir th t iu .I their department fur the effort
vcAfire.

1! iy ;*--Ly%-endt, ot coronto c9ntinntl its
in .1.1).a1tc,,n1t of :1-..t::d !orgy :tnd Matorials

Ii 10'ft/t1tt' IVe 414.1 ful

,.oneorning !Irmidening, the

-p!,! it tbai tbeCniver!:ftv report
bv Scv,toiLhor, anv . proplre!4s made in this

i!,!: I c't" ; `, t'
'Lt. I . t t his it tia itin



he imill'oveti through i7tont,rat itfl with McmaSter.. ...,Thre..---Consu I t ant s. ,f VC I this
would .1, rovi ;I. good bast., r wh I ch to dove l :t programme in mineral
en,tine,,ring._ and. extract iv tal 1 ttrgv anti- they advise- the.. universi t v try
do so.

in add i t !14,-,se who work: in ext rat- t 'Met ;-il It r there i 'ttiot r
tzrotip oi -,;,1-0tess-ors-. I n: :the ,dep-;.f r tment
Int ,t 1 ti.r1.,:v anti mtri research. 1 eco pertpl workf.oR with added .

speci.tli.`it n.. in poi vmers and el ec t jea :Ind Opt f Cal :propetties Of: M:tt.er jai s
would tOrm-:i-grout, C I of -rtritint is ig 4'; uh S n t i 1 progra,ime i in t 'et; ials

r i ng.

Itecommendat

1.t is recommended th4t ..the rn i vets i ty' .o of WaterloO eont 'nut, its
(!nzineering.. doctoral. -work in-: extract ive and. nroct-ss metal lurgv
and in metal I urg c%il engineering am:l rtateri al s, science accord inP

i is plans..

'.:.tter too ha's no spec it ic programme in materials and dots not offer Phil
lahel led as metallurgical engineering or any allied field. Instead, students

t fried. 'in t t fact i VC* Met all urgV.. n the 11epartment. of Chem i r al Eng nee r ing
arid there IS a group of- metallurgists and materials se tent istS in the
Mechanical Engineering department. The consultants felt their of fort was
ca 001 high qual tv that if -this group were constituted as an-admin-istrative
tin they would he the st rone.est and most comprehensive graduate nropramtne
in t ria I s ..enginee.r ing._ in ..the..province, _The_ consultants. recommend. set t I ng _

w .separate administrative structure. However, the unit (all in one
.dt.';Partment) appears to function t.,11, without separate administration and

- -KAI:- does not .1- fie] that such a structure is imperat ivy. 1.later I no wi
iici dOubt , consider the consultants' suggest fort.
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[his ;74c(l.iotl -4)/ the 'Y,\P rtiportwill,deal-withthe.reeomme,ndations found.
in the industrial engineering .and system's design-consUltants' report,.
it,will:.contain-recepmendations on the Univer.slties _of Toronto and W; is

At:AP-suggests that the Universityi of Wind.sor take:careful note of t4.k',
ree,ommendati-onsmadv report.-:butat _this:time ACAP
makvs-no re4ommendations Lin -doctoral work .in industrial engineering

at WindSor. s-inc e--.It is par-t--ot-,the-earl ier ReCommendationtC11,- -

Tht., . gonerat-reeommendat ions in this report-echo .many of .thvse 'found in-tile

eati le r- consultants' reports: consultants'.. estimates. of 'manpnwer_.

snpfilv.and demand -closely follow thoSe made by'the.other donsultants and
aro J:iseUsvd:rn4re'fdllY:In'the sey,Ondl part of h IS AC, P .report 't . Related-

1.6.this Is the need to 'increase the Canadian content in-enO.neering:
progratimos .ReCommendations 4:1 and' 0-refer specifically td.these,'W
noints.

`CAP nott,s tilJG the hniver,,itios do not ,--onsitier th estahlishment,of
a ..0,ordinattreg c.ommittee ta be very important. _ Wu hope that talks are
normal-Iv taking place between the three departments and that they will
continue. AC:WA-eels there i$ 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 .;tudent. concerning the various programmes in
order to ensure he selects the programme-, byst suited to his objectives.

--Phis problem has been addressed by Recommendation C7.

ACA endorses the consiiltantS'recamMendatIonS and 11 and does not
wi,411 make any par icular comments on these recommendations.

RA,C T. i On C. 37

It is recommended that thu University of .Toronto. continue its doqtoral
work in human factors enOneciring, management information systems and
operations research.

in its response to the consultants' report, the University of Toronto seems
in iwnoral agroomont with the- rocommendatfons made concerning its programme.
ACAP notes tlfat the Department has already made the appointment suggested in
re,'o:amondation 1.

tar a:: future enrolment 1-; conctfrnoti, ACAP suggest,i the university continue
to expect approximately the same enrolment as it now enjoys.. In acordane
with standard appraisal procedures, a shift-in fields of specialization to

...:prLvwrammes in tlaitn systems:and eneri,-.7 systems would require referral to the
Appraisals committee to determine whether or not an appraisal is Tweessarv.



revic%., -If tilt:. vz,p1.12Atioh! would tte mar(Wat that time.
the present.,:i eontinucd.output-ot i or.4,1110s..a.year should be

expe,-Ied:bv tnt,'Iinivarsity; fhis.should not-be,regarded'as a. quota b t:

thv o9teyme of the-present.situation txf fewerstualified
stud nts anajalling:enrOlMents.:it,should_benoted-that:the:Vniver

hamainta.inedah/Rhpereentageoc4nadians.in ysIndustria
t.'1101-wurink progrAmmejsi:.6)mpArioll':tb-utkletrigitring. programmes.both:.
in .the t'lliver.411y pt Toront.i and erlulhere.

"Reemvent4tion

r4q-ommvndyd that_ Viatversit of WaterloO continue
do.c1-6rul prog.rommtl in ..iyAtems.design.

tAes not. of the respons-e of t.tie l_nPfrs4y of 144!Ipo to. the

'variu,i:re6mme4JilltAolis':&ili42erhlng the Deti;ikttOn

its "soft! e.our.se eontent and the quality- of recent staff appointees._

1.se piv the- possibility-thatHenrolments .may increase in .this field
.d.,,ipv the co7wkeots from-the :University, ACM': considerS that

c,aroftil at,tentio the Qonsultantss recommendations for
,,ArtAlgtht,nin the programn before inoreasing the enrolment.
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A-1'

RECOMMENDATIONS

The principal recommendations of the. consultants are as follows;

General

-We recommen4that
of OntariCi:

elating

,The subotantial.-effort: in extrativechemieal)-metallurgy-already
exiSting'-in some universities'inOntaria be fUrther strengthened;.

. .

At:leatt..ene Of.the existlnivprogremmeS in :materials science be -

strengthene&tp ensure'Pliabere 44111,-410.11. in Ontario, a materials
twience activity of international stature..

Ia.. WhereVer viable' prograMtileS in Metaliurgical:,-eeraMit orlaolyMer
engineering exist .they be Combined and augmented. to develop strong
programmes.inmaterials engineering.

Th. Theproportion of the effort in materials engiheering devoted
it) CVniMiet4 and glasses be increased.

lc. At least one materials engineering department be established

or expanded In an Ontario university to, develop a strong programme, in
..-polymeric materials integrated, with a general materials engineering

programme.

We recommend that:

1. The figures let anticipated demand in 1974-75 for Phis in Ontario

in 'mining, metallurgy and materials' be at least double those given in

Table 58 of the report of the Canadian Engineering Manpower Council,

July 1973, and the targets for the total PhD student population in these

disciplines be adjusted accordingly. Most of the necessary substantial
increase in the output of PhDs should be from departments with comprehen-

sive programmes in materials engineering or materials science or both.

2. Efforts to recruit a larger proportion of the PhD students from.
t.a graduates of Canadian undergraduate programmes should be continued and

intensified. The stipends paid to Canadian graduate students are inadequate
to attract a sufficient number and should be increased substantially.

he recommend that graduate, programmes available to students entering

-materials science and materials engineering from other undergraduate,
programmes should be designed to make.the transition as meaningful as
-pssihie. and also to attract students into the subject area. Graduate

programmes should he c. xamined with this objective in mind.



individual Univer-sities

.71t-Mtster

We recommend that, the preeminent position in Canada of the materials
seience programme- 4t.- McNaster University be recognized: The programme
shoUld be es.p.and4 And the. efforts. of the. faculty .members to:recruit
good students fram undergraduate prOgranimes-in physics and chenicOtrY'
should be supported energetically.,

We recommend that the-programme in extractive metallurgy it McMaster
I.niversity be strengthened hy adding one faculty:_member and by 'increasing
the partic ipat ion of appropriate faculty members from. the -Department of
Chertthq Engineering.. Collabotation'with the .complementary extractive
group at the University of Toronto should be continued and extended.

Teronto
.-

We. rs:,c..mmend that the.outstanding programme in., .ext ract ive metal lurgy
coronto he recognized and used as a base from which to develop a

larger and broader programme in .mineral engineering and extractive metall-
.nrgy.

We recommend that a full -scale graduate. programme in materials ersgin-
twing -be developed ,at the University,of Tororito.by the addition of
fas.'ulty members in to the Department of

and. Material -A si-enee-Nititii.gifcittlit change- its 'flanieL -Coorstra
t ion with faculty members in other engineering and. - science departments who
have an interest in the application of materials should be developed and
expanded.

Wo recommend that : I
Ow programme in extractive metallurgy be replaced by an enlarged

programme in extractive metallurgy and mineral engineering developed jointly
-.. lacolt7.- metibers from the Departments of Metallurgical F.ngineering,

citemial Engineering, Mining Engineering and Geology.

line Hill Programme in physical metallurgy be maintained.

oo

recornm' end that the Faculty of Engineering he urged to reexamine the
pr,T0,,itien that soo administrative and organizational structure be-
,1,..vclo_i,cd givc cohcrunct and visibiiity to it graduate programme in
r'atc engineering.



recommend that the graduate effort-bc.directed :twards the devlop
.11 strong Interd44-wiplinarV.4)entres rather thane an%exelusiVelv inater

fat,: :icienev rrogramme..

i.e n4;iha t : ise eff:o rtS of. the facULtV:nethberb of Ow:.P,Oi.zt4414

tngMateriii
.

Int egrate graduate work .-Withtha;: tile

v s IOnzi .St ruct urcs and of Tngineering Process Design should be
. .

.cotitagi.t3 and suppOrted financially;

We re Commend that more attention be given to interuniVersity cooperation

ln' E fst 1vtalluta and laterials field in Ontario.:: such collaboration could
. .

. t
t fit fora of coordinated course transfer, at thicy,radnate_ level, of the.

tiffs 1/4.1 a TV talk-back network for

the shIrtAd constructi,in and operation of expensive research facilities.



INTROIWCT I ON.

The study group directed by Philip A. Lapp reported 1,11 king of Iron:
StuAy of-EnAincering Education in Ontario (December 1910) that they were

oncerned7over the.rapA4 growth 0.PhD .studius(in,engineering)jn Ontario._
of the 1893 graduate-students ( (nrolled)- in t969-70 more than 600' were
do,'toral candidates, They recommended that .the.. total number of such

.Studomtli in the 'sYstvm not-excee4:450 by 010,year -1973-74 And'remain at
that figure'until updates:at the betreView. Tl e recommended distribiition

0! the -doetoral enrolmvnts 14= 'listed in.Tahle 10-4 on Page 69 of. ttw
report. _For the six universitie's in :the present t,tudY:ot

4,ctaliorgY and materlals programmes; ..the NO-Onrelments in tmgineering
1-or, 1973-74 recommended us the Lapp report are-340, i.e., McMaster 4i,
queen's 55, Toronto 1.65, Waterloo 125, Western 0, Windsor,.-0. The report
Joes not break down the figures to Indicate the number to he enrolled in
the different engineering disciplines. _Clearly. the rek'orinendation

PhDprogrammes related to materials in Western and Windsor sbould
eliinated along with other engineering programmes or these universities.

In their response to the 1970 Lapp report the Coymittee of Ontario
00an; .A Engineering (CODE) supported the reduction of the total

Phil enrolment in the system and accepted a level of 450 as being
ra-inahle for the year 1974-75, having regard for the current utill4ation
of PhD grAduater.. However. they did not accept the recommendation that
PhO pr.Agrammes be eliminated at both Western and Windsor. They expressed
t-h view that the future-of theso as of- all-PhD programmes in- the sstem:-
,hoold he determined on the basis of academic quality and demand.

rhe council of Ontario Univel.sities (Cot') felt that the Lapp report
did n,,t fully document the figures given for individual universities in

10-4 (page 69) of the report, nor were they satisfied with the
iiven for the eliminatiOn of certain doctoral programmes.' COP agreed

ODL and OCt;S (Ontario Council on Graduate Studies) that attention
ho given to the number of doctoral candidates by disciplines As woll is

uni,..ersities. In their report of oetoher 1971, written in response to
LLt, 1470 Lapp report, the Council of Ontario Universities recommended Lila
1,1- the .year 1972.-73, doctoral enrolment he reduced in each university below
!!. 7.roiertod figure for 1971-72 by a pro rata percentage In order
provide 612 doctoral candidates, (the number required to achieve the tlrgot.

in 1974-75). Preliminary acceptance of the OCGS method for reducing
Chi) enrolment (by limiting new entrants to PhD programmes to achieve A

number 4sf 4-'0 by I4714-7',4 is bistn on plans for di-;c1;.livo
rospec

and ,or:pletvd as rapidly as
!= Al.AP in cooperation with

quality c,,trelates, and'
T ;1,11Z,t't; in the total. PhD

ting Ma) prngramme, to be initiated
pogsible. Such af4st-ssmentf; will ltc

OW; they are to incorporate capabil
art to be used to provide specific re
enrolment and the division of the our

arrioa out
dem4nd,

commendation
lent 4Mon4



eOnt.inuing reviewofthc VW) ...pro..1.mtqlts.. :!vroiredures.Were
Worked out by 4.WAl', i.z cooperat ion,with CODE iii tt,,rips t)1'. which 'engineering,
klis,'1.;).1:10 groups were, estzthlished, In ..tarch 1972 the ctkt.approVed the
proeedU-res and terms of reference which ACAP and CODE recommended.

is- tht. report of. the 'consult-lilts to the 1.11etallurgioal Engineer-
ing" -Discipline .Croup. By their terms. of _i-,eference4. the .consultant:s- were
s1ced to 1) consider the material Prepared hy.the,:discipline group and the
universities and obtain other dat:i they may require to carry-out the Laski
assigned to tlwm, ..)_-).,,repert, on the ,.1.lequar!y of the. :present -state-of
do,:toral work in 'Metallurgical Lngineerine in the Provinee cif Ont.;trict,
ltt gene-r, 11 and in each university wilt? rt,' -iPP I ial)lt=, 3) -make rgcomPleildat-
fOr .t he development of doctoral work in the fields of this assessment, in
Ontario, -between 1973 and 1978. The to 17-.s of referenCe are get out in
detail in Appendix I.

INTERPRETAT1UN "Nt.TALLXRGICAL ENGINEEKINat

:Traditionally, metallurgical engineering encompasses two main branches,
.e,.ractive metallurgy and physical metallurgy. While extractive metallurgy
has remained a well-defined discipline, physical metallurgy has merged into
the growing engineering science COnc-erned with the whole range of materials
of interest to engineers. These materials include metal's, ceramics, glasses,

polymers, electronic materials, composites, materials developed specially
for their optical properties, magnetic materials, and others. In modern
programmes about materials, attention may be focused on the basic science
common to all such materials or upon the technologies and- engineering
application of one or more different types.

It has been found to ba convenient to subdivide the study of engineer-

ing materials into two-parts, materials science- and maLeridis_engineering,

'tiny departments in engineering schools carry one or both of these designa-

tions in their title. We will adopt the simple view that the activities of

the faculry and students in the departments under consideration can be

described as either oxtractivu metallurgy, materials engineering, or materials

4cioneo.

There are in most universities, in addition, professors and students

working on materials, scattered amongst many departments of engineering and

pure science faculties. They are to he found in departments of applied
mathematics, physics, chemistry, environmental science. .biologlcal sciences,

and a whole range.of earth and `issue? sciences, In addition, there are many
engint-ers concernekprimarily with materials problems who are working in

departments of englneering other than those.dellignated ;is materials depart-

ments. All of tilt:se scienii, and engineers clu be described as speciall

in a specified discipline with .particular interests:in.matcriall:, in contrast

with -svientists and engineers working in materiali; departments, who have a



primary interest in materials and a special interest in the application
Ea materials in engineering. While we into rpTet our terms of reference
to mean that we should focus on materials-departments and groups, we lave
konsidered it nec,2,ssary to takeaccount of the-activities of many
t acu l t members- working in associated f

.F.).,tractiv_emetalluW has deVelbpedbecause of the, unique nature _of_ ..

the ,proesses and probleMs of the primary vetat-Producing industries.
hile.much of. thecontent of the,discipline is specialized high temperature

-chemistry, extractive metallurgists are concerned-also with hydrometallurgy,
;Iroblems of heat and mass flow, and the unit operations in Systems of a
kind-familiar to chemical.engineers, The- nature of theydevelaping terlino-
lo'Lly-is much it fluencM by, the raw Materials available and the skills .and
I imitations of mineral engineers.who prepare this material, for chemical
extraction. Thus, it is important that extractive metallurgists work in
asso,-iation with inorganic chemists, chemical engineers, and mineral
n4ineers. lt is probably also important that there be some connection
-itlt Industrial engineers and economists.

LNtractive metaIlurgistst.Tetallurgical engineers and physical
.,tallurgists are often found together in the same department. Historicapy,
this association was considered _desirable because the physical metallurgist
:s.asdealing with metals:and alloys, many important properties of which. are
-iensitive to the chemical, thermal, and mechanical history of the materials,

!he extractive metallurgist and the metallurgical engineer were
cmcraed with an .important phase of that history. In the early development
of steel the level and distribution of impurities remaining in the steel
after ingot solidifiCaffon were- found have-a-large'effect-On the-.
;:'eilanical and physical properties of the steel after it had been fabricated.
Wiliist the importance of impurity levels and distributions is still, a_topic

vital interest in relation to many engineering materials, the-matirlals
,cientists and the materials engineer have, in recent years, concentrated
their attenti(n to a much greater extent on the structure-property relation-

particularly these are affected by solidification and thermo-
7,ehancial_iabrication, .Theties_betweenthe extractive_and_physicai
:,:eallurgist have, as a consequence, progressively weakened. Because extractive
!ottallurgists have a special knowledge of the relevant high-temperature
H4yr;istry, man!: have been very effective in research on high-temperature
oxidation and corrosion, a subject of vital interest to physical metallurgists.
°,47, ,ytrwtIve mcta1lurt, have alw maintained an interest in solidifica-
tion, particularly in segregation, a subject of equal Interest to many

mvtollurgi,,ts, llowevvr, there are t.urprisingly few departments in
11L .h thee conairon interests have been an effective cohesive force. Although

tv;ual to findextractive metallurgi,its associatud with physical metali-
t, in 0,-partmt.nt, of mtallurgy, there seemt; to he no compelling reason

lor preferring this association over, for example, the association of extractive
,,,t:Olurgi,t; with chemical enOneers. Mine it would be possible to have an

;ootallurgy group without any connection with physical metallurgy,
,ould he undesirable. However, it is feasible, and sometimes

III. e'. IL:eVL: phy-tical metallurgy.



materials engineering or mzteria s science without any interaction with
eNtractive metalhurgv

Th4.. great importance of primary industrie$ in the economy canada

neoJs no emphasis. There are strong undergraduate programmes in extractive
metallurgy =in tour or five universities in-Canada and a significant effort

nuMbet of others. :the total effort in Canada is proportionately,
14-pb St :Int-id-Hy _greater t harts in the United States,- the-discrepancy:reflecting

difference in the relative importance of primary industries in the two

':°""tries-, The, Canadian undergraduate programmes appear to have been

snc-c-es!.tul in supplying rechnologists,'ssupervisors, and .managers.for.the
0:.tractive industries. Only a few university departments of metallurgy
in i'_-tmitia haw developed signif 16.ant-- research yragrammes in. .extractive
rietallurgy and, consequently, they have not graduated many PhDs who have
found employment in the research and development sector of Canadian firms
working on tlic extraction of metals and alloys. To some degree, the
Canadian mineral industries rely upon their own research and-development
ell east _There is, howvver, a pronounced emphasis on short-term research.
ihe need for the scientific sophistication.expected of a PhD graduate
appears to be Small, but this is a situation which is likely to change

radically in rhe next few years, Economic survival will -dictate that a

bigger proportion of the industries' resources be devoted to basic as well

as to short-term research.

Materials-Science, JA a concept, has received much attentior, ,urticu-
larly in the United-States, during the last dozen years or so. . The basic

fact is that the science relating to individual classes of materia/s Is,
in large' measure, the same for each class of material. The nearer one
gets to pure science, the more homogeneous the discipline becomes. The

hai4ic material sciences are, solid-state physics and solid-state chemistry
and these are obviously unified disciplines. In the past, physical
metallurgy, physical ceramics, and physical polymeric science developed
quite separately because the extractive, thermal and mechanical processing
were found to be of overriding .importance in determining the properties of

the finished product. Many years ago physical metallurgists gave a lot of
-attention to the difference in properties between Bessemer. and open-hearth
steels. Much of the content of courses in engineering ceramics was
c,nrcerited with the origins of ceramic materials and the effect of process-
ing upon them. Similarly, the newer interest in polymer engineering has
i,cen demonstrated 1w studies of. the effects of various processing treatments
on the properties of the polymers produced. immediately after the second
world war it was realized that a useful and intellectually satisfying
understanding of the effects of various kinds of processing upon the
rropertis 14 materials im.genoral could he obtained by a study of the
.tailed structures of the materials, as, they are affected by processing,
nd the relationships between these structures and the physical, properties of
interest to the engineer. Thus, the central theme of materials science is
-the relationship:between structure and properties. It is this whi4 provides

the unification of the constituent subdisciplines. Structure, is defined to

CH: ,,titILLUrt. atomi, arrange-
ms,nt;, -inhmicro:iropic arrangements of atoMs, MoICCUIcS and detects, as well



aS:mierscOpiandH04crOscOpic,strnettire 111.eprnp9f
by"t.heengineer frem.a wide range::of.physieaLprnpertieS,_

The list should Include some prapertles-of potential interest although
they may not find widespread engineering application at tb pre Sent

tj110#

All mils-lines and strut-Lures have to work in 4 gaseous or fluid

environment. Study of4 the effe'Cts of the.environment particularly
surf4ee degradation effects, cvmprisp.an important part of any scientific
study ot materials, developed in an:: engineering context. It is found

thstt many of these phenomena .ean be understood by consideratiOn of the
interrelationships between the structuressof the solid m.- terials and the .

environments in which-theY up irate, it might be argued that the subject
-area defined by taking the structure-property approach are in tact
simply areas of physics and cheitistry and that materials science is an
interdisciplinary study of materials. In large measure this is .true.

Thereon!, however, areas of science of central importance-to materials
seience which fatl between physics andchemistry-a'nd which tend, therefore,
to-he of relatively little intcrest-tO either of the basic sciences, or

which ore areas of physics in which the professional physicist has neither
interest nor competene Materials science is an applied science which

grows out of the engin ring experience. The phenomena of interest and

the problems dentin g attention are ,identified by this experience.
Altheugh it is at applied science, materials science is by definition a
science and not a technology.

The graduates of PhD programmes in materials. science are employed
I". Aniversities- and- by r'ese "arc-h laboratories of government- departments-
:And industries directly involved with the advancement of sophisticated

engineering. Materials scientists find the Bell Telephone Laboratories
at Murray Hill., New Jersey, to be an ideal place in which to work, but

they are not litely to be found in significant numbers in the technical
department of a east Iron foundry. in Canada, secondary production indust-
ries have been developing over the past few decades but they are not of the

relative magnitude found in the United States or Europe. Thus, at first

sight, it seems that the need for PhDs in materials science in Canada is
snail. There arc in Canada, however, several expanding industries based
&woo:modern scienceoriented technologies. AFCL and some of the govern-

;7,.nt laboratories employ substantial numbers of materials scientists.
,-it'nee underpins all of the work of the materials engineer

concerned with a specific materials technology. Being a science, materials
°ienee is international. and clearly the materials engineer in Ontario will

!.,enetit t rem the total body of knowledge in materials science, irrespective
tl,e origin ot t1;at knowledge. There are, however, several reasons why

_anatiLln universitio:-; shuuld participate luny in the development of

materials science. the suhject.ii; an essential component of the education
ot All engineers who. arc t.o be associated with materials. Conequently, it

science Is to .he taught at the undergraduate level, some Members
f,icolty niw,t. be materials scientists doing research in materials

:";C: it 1'; .41I 1; th o, t pri-r- it at .1,-,.iy;ut,,t1 to



different research problvM.s ary diclated-hy the needs-as-perceived
by the materials technologist and engineer. The basic science which
is lackin 4n an area eft interest tO materiats.engineets in Canadian
industry may not he the same as that identified by engineers in other
_countries, who aro respondingro a diffvrent industrial environment.

vaterials ..;.civnce needed h Canadian engineers ma}' `not get the

ateat:Ton- requires unless" there 4s-some- support for materials-science
in Canada.

Materials.,science.is-InterdisoiPTinarY. Perhaps it. should be
described as multidisciplinary... Consequently, prOfessors with special
1'1",:lt'Llgo of different aspevts of material.; science may be found .in

dOtere.nt deP4rtmentsof a .tinivers4Y, .Ugualiv, it has, been thought
necessary'te develop a coherent Programme. at the graduate level-by
_forming some sort of extra-departmental organization such as a Materials
Sckence Centre. in only a few universities in- North America has it been
possible to establish a graduate programme in materials .science as a
major departmental prograMme and even where this has been achieved the
active copperatign of professors in departments other than the materials
department is essential to the success of the.progratme. At the other
extremee in some universities an, extra-departmental organization for
research has been establiShed without there being an accompanying
academic programme in materials science. The faculty involved in the
research organization teach in their basic discipline and provide the basic
..;eience courses for materials engineers.

Engineering_deals with ;solving twecifiL_problems.. These

rrohlems usually contain many uncontrollable variables. Economic, social,
psychological and purely physical factors may all be important components.
No uniquely correct solutions exist., The objective .is to optimize the
s-istem or to provide a practical solution which is socially tolerable and
economically viable. The materials engineer must utilize the best avail-
obit.- materials science and his soiuLionmust. be compatible with scientific

in-the pal t, the materials engineer usually was concerned
with only one class of material. 1k was trained in the science .and
pr:Ictiee cal a, specific materials technotogy. The metallnrgistwho,devoted
his at exc i usive 1v to problems associated with the rolling of steel
t;aw no rea,.ion to be concerned with the extrusion of .polymers, nor did he
see any significant connection between the technology' which was the basis
of iii, concern and that of the polymer engineer. Although there are many
interesting similarities between the fahrication methods used to form
different las!;e!. of materials, even today the materials engineer in
raterials production industries saes little value in a general training

t.ripOsizes tht-se niNilarities. It is usually stated that all the
et tort available needed to master an understanding' of the

,,ingle of material.

In viw,L eru;ineers have 1,e&11 trained as metallurgists.
r, i Jt-y 11 of poi ym.cr engineer-
,ituatic,n ,:ontinuc,-; to he sati-itactory as far as the materials



ndustriere uont.erned. .11oweer,jn.thoSe industries in
which the materials,engineyr is..concerned withX4e.use ofHmaterlals there

a..,growing realization that the materials engineer needwto..have

i4lewledee .in.' seine depth _ofa .wide of:materials, Whereas twenty.

r S;OW 'p4.1S, ,411 the:, materials problems" re I a fling automobile

oanufak'tore were einiceraed W ith metal, nOW they also .invOlve a..varietY of
_ . . . .

mate =rial y. no:enginver:can:bean expeftin..the.*1-
.v521*i.1.1Nies,of all materials, an appreciation ofthe behavior of engine ei-

inmaLiTials sytems:haS:beeOme esSent01:Past of 41*wo.rkta 1,t
Canada!'S fUtureTneedmaterials..engineers trained tolthe'PhEleVel'Will':

to.: lave a knowledge:in_depth of one:.class of materials anda working
Understanding of 4 range of related engineering materials.'

Reeognizing the need for a comprehensiVe materials engineering programme,

iloth at the undergraduate and graduate-level, in many of the universities
in North America, existing groups of faculty members in ceramics and in

metallurgy have joined for the purpose of developing a unified programme
in riaterials engineering. At some universities, polymer engineers have been
added to the department.

The interface between materials engineeringand other forms of
n,4ineering itediffuSe: So manyoblemslin mechanical engineetingl.for
e% cample, are dependent upon the capabilities and limitatiOnsof existing
materials that often mechanical engineers find themselves devoting almost
01l their attention to the materials. Thus, they become knowledgeable

..afoul the: properties of.asmall class of materials. However, they usually
remain mechanical engineers with a .special. knowledge .0f_a.limited range. of
materials and they should not be confused with materials engineers. Converse-
Iv. the materials engineer working on a materials problem in a specific
mechanical engineering environment may become familiar with an. area of
meehanics or fluid dynamics or some other part of mechanical engineering.
hitective interaction of this kind is .essential if he is toile a successful

materials engineer. However, knowledge of a part of mechanical engineer-
ing does not make him a mechanical engineer. Clearly, it is important
tilat we note the numerous materials-related activities in the. other areas
of engineering. The training and education of engineers working in these
areas were not a part of our study but we will comment upon these topics

indirectly in this report.

The summary of iustilutional aims contained in the Report en Doctoral
in Metalluriiical Ensineeriu and:qatvrials In the Province of

fmtarlo, Appendix. Z.I, Is a statement of the present situation although it
i% intended to he a live-year protection. As a result, the graduate
:o-w:rammes deuribed. in the report .asresearch programmes are categorized

uder the three principal subdisciplines; extractive (chemical) metallurgy,
.metalluNy, and material== research. This description reflect...7i the

dcvolopment of the departments, but the fact that department
teir itater7;ent of future plan-" decided to use these nartiLular

-! 7 t t no int ,2:1t. Ion of toviur, toward,: a



materials ongipeering.7prol,,,ramme-Of-the l.tind2describe4 above,. _component

pjeces of materials-science can be fOund-undor,the headings :'phySical

metaliorgY,. and 'material-s Tes.eqTv:W., At McMaster, the range of such

component subjects and their, inter,relationshipIS *Ich that a, reasonable

programme ,Materialsience_rexiSts. .There' part ial:,programme:

materials science at:Toronto:and:no-evidence pc suoh:prograMMe$ anywhere.

. - .

The number of students and post-doctoral fellows in each of, the.

subjvct arvas, now.cla,5sified according to the,material, are summarized

in Appendix 2.2. The nUmber of MSc and Phb,students in extractive
(chemi&11):metallurgy is as great dab that in .all l-of the other materials

engineering and materials science areas put together., This, of course,

reflects the great importance of extractive metallurgy in the Canadian

economy. Amongst the materials engineering subjects, the importance

attached to-metals is overwhelming. The existence of a significant effort
in electronic materials and composites shows an encouraging response to

the needs of developing Canadian industries based mpon.sophisticated

science. out of 91 graduate students, the presence of- only 5 involved with.

-cerAmis and glasses suggests surprising neglect of this rapidly developing

and impqrtant materials area. However, .the most striking fact to emerge

from these returns is the complete absence of any effort in polymers.

While we realize that this does not mean that no work on polymers, will be

undertaken in the next five years in Ontario universities, it does mean

that all the work in this area will he carried out in departments of

chemical engineering, chemistry, mechanical engineering or elsewhere and

not in materials departments. The importance of polymeric materials as a

constituent major area of materials engineering need hardly be emphasized.

the particular contribution that can hest be made by a materials department

in the elucidation and control of structure-property relationships.

We recomMend Chat, relating to doctoral proErammes in the Province of

1.

io

The substantial effort in extractive (chemical) metallurgy already

eistirw in some univerities in Ontario he further strengthened.

At lel-;t_ one of the existing programmes in materials science

:,trength,ned to ensure that tlicr will remain in Ontario a materials science

international stature.

La. WLi:ri.lor yiable,progpmmes in metallurfijcalc,tamic or polymer
.

they be . ombined and augmented to develop strom programmes

in :!Aterial enrinefaring.



M. The pr portlon ut Thv effort In materials ineering°devated

to ceramics andslasses by increased.

lc.. AtititontrlaterialsenTitietittieerin,deilisiieLi

or e%nanded in_ an Ontrio University to develop-astrorIvrtotramme in

proffamme..

..fitTPLY OF AND '1211E-Ii1.31AN1 FOR MANPOWER

1,!') of Rill*. of ii iN shOwnthat,:of persunholding'
doctoral degreesin 1907, .3:5..77.-were-employed,in research, 26,3Z-in teaching.,
and.20.0',In management. lt.was assumed that the major demand for flat ?' in
'engineering would.:heinresearch and teaching., U.sing a-model which assumed

smalt.and gradUaLexpansion.ip the Undergraduate enrolment, a:cOnstant.
ratio between the number of academic staff and undergraduate .and graduate
studentsand .an attrition rateof 3.47 for-the Province as :a whole, it

c,stimated that,.. on the. average, .the demand for additional. faculty' in
..11:4ineering would be about 62 O'r, yOAr throughout the decade 19701980: A

i.urthr assumption is made that "over the present decade research activities
13robably will remain relatively static, and therefore the demand for research
engineers will consist-almost entirely of the need for,replenishment to make
up. for. yearly attrition". Then,..making further allowance for_ t..he emigration

rhns out of the Province, it was estimated thatthe total number of new
PhDs required per year will be 125. No attempt was made to estimate the
number of PhDs required in individual engineering disciplines. A more
d4tailed analysis of manpower requirements, entitled Stquilyand Demand for
211ine, was published in 1973 by the Canadian

Ingineering Manpower Council (CEMC, 1973). A.model similar to that in the
Pqi) Lapp report was used to estimate the demand from universities and a
01rvev %,'as. made to estimate the industrial demand, .7.1)e 1973 CENC report
concluded that " nor cannot read,' ly dismiss the conclusion that there will he
an oversupply of engineering PhDs in the decade. ahead". On certain assumptions,
"thc difference amounts to 42 .PhDs in 1974, 23 in 1975 and 87 in 1978. Again,
fh,.;e differences are not causes .for alarm but they do suggest that ..some
,:urtJilment of engineering doctoral. enrolments Is justified if the graduate's
are to he utilized 10 the maximum possible extent of their trainine..
ThrotOreut both report :z there is the implied concern for the tiseininess of
Y1:1- in industr','.

ii.:'(' report 01 July P.#71 pre,;ents a very dilterent piettfre from

st NI it, predet.esr7or the Rig; of_iron, concerning the demand for engineer-
in the universities. On page 1.25 it is concluded that "reductions _

r t Rio I0114 to St :if f" will be required up to 1980-81 although the
Iction.ceuld lArs;e A.: the pro eeted decrease amountitv



to_ 100 or 10c:,in 10 years. this Is notably different from the conclusion-
in the eing ei iron, page 54, '',IhereIore the demand for teachers educated
as engipeers in Ontario universities.was assumed to be 00 PhDs a year over

the next decade". Neither projection carried . any degree Of credibility
sieve major changes in the Patt_ern of.educatin with a marked rise in the
College's of Applied Arts and Tec:inelogy are already taking place..

In general, it appears-that tae ,1973 CA 3C report has been Compiled

With a strong bias against increasing the number of,engineering doctorates
being 'producedyhereas the evidenee giveribelow suggests that t4e'mOst,
important change taking place is an increaee in the demand for dOetorates
in ehemical, metallurgical and mechanical-engineers,_and materials applied

ience.

there are several difficulties in making a fair assessment from past
ft,itistfts,. PhD degrees in metallurgical engineering have been offered
only in recent years by Canadian universities. Those now practicing in
this fWld very_oftenhaye received their doctorates in chemical,
mechanical or civil englueering. Moreover, those who have taken an engineer-
ing degree at the. bachelor's or master's level have in many eases taken
their materials science degree from a science department. It follows that

there are practicing engineers, qualified in metallurgy and materials
seience, whose PhD was not granted by an .engineering department. Also,
those who received their degrees many years ago are likely to have, earned
it in mechanical, civil or chemical engineering. This same practice
continues in one major university in Ontario, namely Waterloo, where Ao
doctoral degree in metallurgical engineering, either extractive or
ple.' i-cal, IS given. Mose qualified in these metallurgical- diSciplines
are therefore apt to he classed as mechanical or chemical engineers.

Information given for Ato;ilic Energy of Canada Limited (AECL) in
Tables I and 2 of Appendix 3 may be used as a starting point for assessing
changes in demand. Perhaps the most striking feature is that, in the last
five years, the number of engineering PhDs has risen to match those in the
physicalseiences. Mereover0.mechanical, chemical and metallurgical
engineering are the fields carrying most of the increase. From Table I,
Appeedie 3, it would appear that the total stock of engineering PhDs is 90
and that ma y. be compared with the figure of 52 quoted in Footnote 3 to
Table 4t. of.the-1973 CEiC report. Even 90 is deceptively low because,
from the e tee columns, it will he seen that there art' 20 more with PhOs
in the field of metallurgy and materials science. Combining metallurgy and
1...ateria/s science with engineering would make the total 110 to be compared
with 1'44 in the physical sciences, and for the last five years the number
,ftdd he 62 compared with onl 42 in the physical sciences.

Table 2 illustrates another point that it is more customary for PhDs
the staff of ANL after spending one or two years on a post-doctoral

fellowship. The nnmber.of.those with 1972 and. 1973 degrees le :therefore
i! l cie;nit leant t inerestsing. I.oi4eing at the numberA Irv year of appointment

ff. ;. a i 4..leat ::1,,te are II to be appointed in 1407 i. fit t orning to
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the CFMC report, Table 57, Page 159,-indicates a Federal Government demand

of 30 3 in 1974, 35 e) in 1975, and 25 6 in 1978. Yet these figures at

very close to those given in Table 46, excluding'AECL. Since AECL's

1973 stock, just discussed, is 90 to 110, it would seem,that an increase
of 8 to 10 per -year should bc'made,to the figures in table it is

difficult'to escape the suspicion that the projected demand, In Table
57,- in other-sectors may also be,low._ Although the _largest increase
shown in industry, it seems possible that:this may not have taken into
account :other important-changes in Ontario. Although AECL is largely
concerned with nuclear pkwer, the main -increase in staff in-that field-
does not tie in AECL but in Ontario Hydro, Moreover* Ontario Hydra has-

undortaken a major new activity,ift the prOduction of heavy water, for
which recruitment of-competent operating chemical engineers is active
and projected to increase. This is in addition to the major increases,
forecast. by Ontario Hydro, arising from the transition to thermal genera-

Ling stations and their much greater capacity: than the established hydro-.

electric stations. Other major industrial increases forecast in Ontario
are in steel manufacture and petroleum refining. both these may be
expected to have demands for PhDs in chemical, metallurgical and mechanical
engineering.

Another major objection may be raised against the CEMC report on pages
'134-135,where it is suggested that the demand for doctorates will be neg11,

.

in the educational institutions other than universities. Even the

statement concerning primary and secondary school teachers is somewhat
misleading. since*.if.taken _in proportion to the population, the 62 teachers
quoted represent 1.47 of the doctorates in the major field of university
education.

ln summary, we conclude that the estimate of the annual demand for PhD

r:tiduatos in minin - :tiet:illur materials science in the Canadian En ineerin
M:inpCwer Council report of Jdly 1973 is much too small. The demand for

s.raduAtes of PhD programmes in materials en4ineeringand materials science

alone mav well prove to th; twice as large as the numherssiven in Table 58

of the rgort. The demand for PhD graduates in extractive metallurly mkt,

on the other hand increase more slowl.. Even if all the students at present'

e.nroflod fn PhD provamme6 in universities in Ontario took employment in

tIntario onExaduation the supply of materials engineers and materials

1,nti would fall far .,;hort of meeting this demand.

fo the present, the number of PhDs graduating in materi.ihi,
Irm universitivs in optario who took employment In the Province 11.A.:; Leen a

[1:Ill traction of the PhDs in these disciplines needed in the Prkwince.
iht.ro ha'- beell a large importation of PhDs from foreign Countries, particular-

! !uiro.! fnund, for ::ample, that. of the facul!-: mmht:r,;
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t:ed r t dt7p in 11't 3 I.1 orgy. 'And
1c.:4;isfor iversi t t 3. r t y'of 'Toronto and qiieen*s versi t y

ONIV 1.4:;t 4n71 vears,,e6.1v 7 :out- of 3$ received:their l'1411 degrees
for -At orni* Energy of Catiacia Limited, :the major

: ..P.ODS..in tan u rgjr. 't-114 .Mater ia 'fit7 i?nee,::.11et weep.
and 1973 2i4 persons' with-PhDs A.n. Lmater; als Se ience':antt engineering

were- lour of, ;them :received their :PhDs ,:ontarie. -

the. 14received their dcwtorate it414ferin,the Unites jUngdpM Or somt.1, other'
fOreign vo:untry. ..lanyof senior posit ions in industrial research and
develOpment:2.111:Ontar (0..-indUstries are-. held, -by Immigrant f r.91n;
:Kingdom:, asthe. pt ten years there has been a substantial ,importation

rilDs "Frotrf the 1:`nited birt dam int;'.the MetaliiirgIcaiindustrieS Of
(1;16,40. .riter reason- to-believe that this rate Of 'influx will
decrease.:Substantially,' IMploYers:of British origin-appear to have a:
preference for graduates of British universities. The situation is Oise
.t4ame in the mullttio$,Adhere..0. substantial proportion_ef_the fatuity
MemherS in the departments of metallurgy and materials science received
t:i0T PhD training in.thefTnited Kingdom. In a..few places we_even
he trit t he. view expressed that to hire' faciilty .member S from the graduates
of :-Programmes in other Ontario, universities would produce inbreeding of
an undesirable kind: It is our view that the graduates of PhD programmes
its nritizh universities today do not have an educational experience that

superior to that available in the departments of metallurgy and materials
.i.,ince of universities in Ontario, nor do they have special knowledge.

sl ills which cannot h found in Canada. Thus., the larke scale importation
of toreiEtn PhDs can be j stif ted only to the extent. that the output of PhDs
iron Canadian universiti ti fa ls short of the demand.

In the past, many 1111) graduates of universities in Ontario have moved
.to other parts of Canada or to a foreign country, particularly .the
;:utted States. From 1968 to 1972, there had been 45 PhDs in metallurgy
:old materials science awarded in the Province and there are 40 students
onrolle,d in PhD courses in materials at the present time (Appendix 4) .

(st- the graduates, 29 had remained in Canada, most of them in the Province
of Intario.. In the CENC .1973 report. it is pointed out that. Ontario.:has
been providink 55 to 6(Y' of the total domestic supply of engineering .PhDti
and (hi :; proportion is expected to' increase over the_next decade Into the
7f4.- apg. the movement of Phil) from Ontario into other parts of Canada
if; expected .to.continue, hut .the emigration: to the United States is not.

LarLidian I-Audents we talked to expressed a strong desire to work in
6 ;41-1,ad:1 And preferably in natario. Recent changes in the immigration laws
0 the United &tates have made ft extremely difficult for Canadian graduates

acros.; the border into lucrative employment. Although the migration
tf,. :ed State!-, is not likely to dI,;Appar, It will certainly diminish

tuturc. On balance, the proportion of graduate.. of 190,) programmes in
who stay In onario it; not likely to change significantly over the

)ive Thwi, the shortage in Ontario will be further aggravated
e%pe,:ted miltra!'ion of about third of the graduatt to other starts



An assumption. explieitiy stated in the Ring Of iron,.,1970and.

:1.1jod in-theAM(: that-t.he

fills degree is of limited usefulness in an-industrlalituation.
argued .014 heeause a master's -degree is .much more useful, resourt:es

.4nd forts should. be. concentrated on Irvroving the .quality hf master's

iand::inereasing :the number a 'graduates from such -prOgrartnes-,-:
.

arguMents are stated Clearlyin Ring 'of Iron, 197P, : it.Js pointed_

out cr:t,Sle engivie-OS Willf.taSter es degrees

ore in management, designtand development:. .1t.-/s:statedhat with

.'"kTanada-"s-:.movejnithe eraLthee shOutdbe'anInCreasing
f.1.0engitieers'jpt0.:-.theSerViCe secter'and'this'IMplies2.:4-:.deMand:f0r-
Stialty skills'toSatishdeirWt..PIAW(*exeoted h'Lthose
4'k 1-3,4V} eatn-0 .1.44*- in , the future :.-more.iCan4dian

forced to }.. on aAnaster!s degree for -certain specialized

When %;.lewed in adifferent WaY, hdwever,the Statistics of

King ,ot:Iren4 1970. show .that with.regartl to positionsin industrial:
rsarch and --management; the PhD in industry has 85Z chance of:reaching-
these categories compared with a 58 chance for a person with a.master's

degree. It is our 5011a :that,. as Canadian Industrr.becomesmore_
sophisticated and ha' to rely upon more adVanced technologleit will_
h.:lye to learn how to fully utilize the talents and skills of PhD graduates,
and titer universities will have to learn how to develop PhD programmes.
why* produce imaginative engineer's capable of responding to these new
opportunities, It. is interesting that in Ring_of:IrOn, 1970, attention

drawn to the importance of the-specialized knowledge of master's

eriduates. Part of the existing problem seems to be that the PhD programmes
univitios in Ontario rely heavily upon the thesis so that the graduates
these.programmes tend_to_have a.deep_knowledge of only a . . _

industry evidently employs PhDs only when it needs this particular knowledge.

this problem will be -discussed further when we consider the quality of the

educational experience.

questions of supply and demand of PhD graduates in metallurgy and

mAtorials science are clouded by the intangible problems associated with
studonts of non-Western origin, by which is usually meant Asian students.
These students are probably best identified by the country in which they

receive their first degree. The information is summarizedinAppendix 3,
Tabl 3. Data are^given for both master's and PhD degree candidates
I've:MSC Most of the students registered for a master's degree go on to the

tl1P. The number of students registered. for the master'sdegree.in all the

departments in ontario has varied little over the last five Years, frum
-Audentsin .1968-69 to 40 students in 1972-73. Moreover, the number of

P1W students is about the same, being f0 in 1.968-64 and 44 in 19'72-73. The

;.ercentav,ewho received their bachelor's dertree from a Canadian university
!1."7-:=ed fr,m 497 in '19W1-#19 to 307 in 1971-72 for those registered for the

d?;re, and from 514 In 19138-69 .to 3V In 1971-72 for those

re4istered for thy -PhD. -Last acach..mic,year the nereenta4e uf. master's

dewees from Canadian universities jumped ;ibruptly
ir.!!!! 307 r t'1. This Probabl:! reflected the increaseddifficult-v t,laie t

LA' ...Yrorion,:ed in obtainlur -,upport for their ;;raduate
and the :;urees.:oLaggressive ampaigw; by :i few departments Lo

rerruit (J;JA11% t txle tat y. Thc-percentage of Canadian first <h lutlwA



PhI.k.e4ttdid,tteS,H014.1.1111v4-t Tk7av'hIng.:-4s.lOWest 25

teSeads ,L-tie end .6i -yea r . f.Nmougs 1111,.) . t utivnts the Prokrt ton
with haehelor'sdeerees from Asian universities .increased remarkably

over the last 1.1V years, being 18Z in 1968-b9 and 32Z in 1972 -71.

In the 14st few Years# mOst, though rut , of the Aelan stud;Fnts

have._ltad landed. immigranI__status._ They usually receive. !iuPPort. _through
National Research Council fellowships after completion' of their first

year of study. Malay of Ilium are supported also during this first year

from other-sources. -The-dramatic de.erease last year in the proportion

of-students with Asian degrees in the taster's pepUlatioe wilibe'reflected

in the.. statistics for the PhD population in two to three years. It is

recognized in the -CEMC, 1973 report that graduates of. Asian origin have

difficulty .in obtaining employment of a kind which utilizes their-education-

al level in Canadian industry. In our talks with many of these Asian -

stadents we were left with no doubt that they all had extreme difficulty

in obtaining suitable employment. Frdm several people we heard Stories

of their making as many as a hundred:applications for jobs without

receiving a single invitation to an "interview. The conclusion that the

research and development sectors of Canadian industry-have a strong pre-

judice against employing Canadian PhD graduates of Asian origin is inescap-

able. even in the Mast year or two, when the job situation has been

difficult in all fields of engineering, Canadian industry, unable to fill

its vacancies with Canadian graduates of Canadian origin, has preferred to

import graduates from British or Australian universities rather than employ

Canadians of Asian origin. Setting aside the social and moral implications

of the situation, as a practical matter it seems unwise for departments of

metallurgy and materials Science in Ontario to continue to recruit a large

proportion of their PhD student population from Asian universities. The

very r..lcent increase in the proportion of Canadian students in master's

programmes (Appendix 4, Form 7) suggests that the efforts of some depart-

ments to alter the ratio may he meeting with. success.

Deuhts are certainly current concerning the value of a PhD degree in

obtaining suitable employment. Writers in the media derive pleasure from

discovering that a PhD had been obliged to take a job as a taxi-driver and

the rumour readily spreads that this is typical. On the other hand, the

rocords of employment of those earning PhDs in materials engineering in the

last 5 years from Ontario universities showed that of a total of 45 no more

than one was unemployed at any time and none was unemployed for long. By

,:areful enquiry from university staff and graduate students at the univer-

sities visited we gained the impression that only those specializing in

extraetive metallurgy, especially in iron and steel, were finding no employ -

ment, offors.from.industry in Canada. Even these had offers from the U.S.A.

-A special meeting was therefore arranged through the generosity of the

Canadian Research Management Association to hear the views of industrial

employers of materials scientists and engineers. They confirmed that the

bad stories in the press gave a false impression and tended to, promote a

:1;it,ttLon playim; down the value of the PhD both to student and employer.

1:1 1.tclwr.il there are openimt!, for quatitied materials engineers and



stAv_ntists. esiwially for those of broad general ability who can exercise

leadershWin reat'el1 man4r.v.ment. Tide position in2industrY 7c611Y

'change rapidly, going ,from .surplus to shortage in two years or less.
Moreover. at any cane time :industrial opportunities are uneven. There

was substantial confirmation of a mcre general appreciation of the. highly

4-inns iPe 'IMtl in certain -ind4strial sectors including .non7ferrousmeral7

.nuclear engineering and .science oriented .sectors. it was admittLd

that-sin-firrbuse,iffaCtiVetetallUtiyTthere'Wts nOtin.Canada-aihigh-
appreciation..such as in Germany, Japan and other progressive competing
countries._,-The-general.impresSion was that industry expected to
creaSing.their dethand WithOnlytemPorarY:and roCaliged setbacksOf
perhaps:rwo.or three years duratiorrinany one _company or Seetor,..

We recommend that.:

I. The fisures 'for. anticipated. demand in:191475 for PhDs in :Ontario

in mining, metallurgy and materials' be at least double those

Table 58 of the report of the Canadian Engineering Manpower Council, juiv

1973, and the targts fox the total PhD student population in these

disciTlines be adjusted ass1911 Most of-the necessary substantial

increase in the output of *PhDs should be from departments with comprehensive
4

pyrammes in materials werthorDLeiLasimmeorWth.
Efforts to recruit a larEuersroportion of the PhD Students from the

_

6:raduates of Canadian undertiraduate-prosramdes should be continued-and in-

tepsified. The. stipends :aid to Canadian graduate stud nts are inadequate

to attract .t sufficient number and should be increased ubstantiallv.

The supply of PhD graduates is, of course, limited by the intake

of the various PhD programmes in the department of metallurgy and materials

.svitmce. In_general, we found that there were enough funds 0:support t4t,'
present number of PhD students and, in some universities, there was a sub-

stantial surpi,i of funds for this purpose. The surprisingly large post-
doctoral populations in the departments in Ontario revealed by the data In

the table iu Appendix: 2.2 is in part a reflection of these surplus funds.

'Sure re:;earch, much of it of excellent quality, is being carried out in
ttntariu universities than is needed to support the PhD programmes. Much

of this research is being carried out by post-doctoral people.and faculty.

clyariv, it would be possible to fund a substantial increase,in the popula-

tion of PhD students by a proportionate decrease in the number of post -

lien 1,1lows. Why.ther this could be done without sacrificing some of

rimality of the research output is questionable.

cloar that, ita rust. untversities In ontario,, tht.s number of

,ipplviug for admission and being accepted into PhD programmes in

or ti) ma,iter?,-, programmes preceding. the PhD, is the factor .

primaril reponsible for restricting the. supply of PhDs to industry.- It



isidirlicult-to fOrmnan Opinion about the AdMiSS4On-standards applied by
ndividual departments be eanse such a wide variety of crteteria arc

inVolved. 110wever,nwe formed,t0trgerteraVimpressimin admittedly much
colored by nne or two isolated examples relating to sitnations :wit.-11

which we have $iome experierie,e,'_that the-Standards-are_not unusually_

In the past, most departments have-recruited their graduate students

trom undergriduate departments of metallurgy and materials science., There

were.. 221 gradvate studentSnregiiter-ed,in Mt011urgrin Call4dia27.dniver7
cities in 1972-73. Approximately 70 new-graduate students are required
to lover aftrition'andogradnation-this-summet if graduatenenrolment is

to be mafntalned. However, only 131 bachelor's degrees in metallurgy

are being awarded in 1973; Usually, 15% of the graduating class enters
graduate school so that only about 20 graduate students will -be available

from this,source. -Even if a farther 20 students are recruited, fram other

disciplines a net shortfall of it) students remains. This has tradition

ally been, met by ac-repting foreign students. One can therefore conclude
that Canada does not produce enough metallurgical baChelor's gratialates

,to come near meeting the reqnirements of its graduate 'schools. This is

the .crux of the problem in metallurgy and materials science. There are

several directions in which a solution could be sought. The proportion

of the graduating class-entering graduate school could at! increased.

'This is a problem largely associated with the image that graduate work

nn has in the minds of undergraduates and the pronpect that they see for

employment after they have gained a PhD. It was clear from our discussions

with students that the general impression they had about job opportunities

for PhD graduates was very different from that. stated 1ev faculty me-mbers

or described by the press release from the Canadian Association of Graduate

Schools, Appendix 5. The general impression is that jobs for his are

very hard to find and those that are available could just as well be

carried out by persons with master's or bachelor's degrees. These

impressions are reinforced when they see substantial numbern of students

of Asian origin so obviously frustrated in their attempt, Le :ind employ-

rent. clearly this situation will improve only when the nenerat ilmate

for the employment of PhDs improves.

Another approach is to increase 'he intake of students from undergrathiate

departments other than these concerned primarily with metallurgy or materials

clence It Is common for runy departments of materials science in the

Uui:ed States to obtain a substantial proportion of their nraduate students

trom qndernraduatc-programmes in mechanical , electrical or cheminal

engineering or in phy3ics, chemistry or geology. The gradnatn courses art'

designed, both in quality and level, to provide a .complete educational

perfence.for these. students. In Britain it is very unnsnalfor a student

.
to rhangefromnnne area in an on enterirnt graduate school. Few.

Canadian departments efier the spectrum of interesting ourscs nefessary.
to 'attract scndents into materials engineering or materialsscfence. This

situation will be disrnssed In more detail in the next section.



We- reeommendthat leradisate.projerammes available to students. entering

materials science-and .ttuterials. enisineerineL (rum other Undergraduate

treLe:,iiimies should be designed. tu -make the. t.,rintsit Lou as meaningful as
._ .. ._.:

.

.. . . _, . . . .

.

.

:

noesihie.-aud also to attrat students into the sub'ect area. i;radilate-.

.procrammes Should be eXaMineilwiththis objectivein:mind.

FHE HIALITY OI." THE EDUCATIONAL EXPERIENCE

-111 the Western tradition the. PhD degree Is a mark of successful

'omp/ction of a course of initiation in research. Of:Course, this .implies

A lot more than the student's receiving instroction :fin -some particular

te.huiques or gaining an expert knowledge of a very narrow topie. We

.,:ere asked to appraise the quality of the various programmes in metallurgy

and materials science in Ontario. To do this we must first set out our
views on the purposes of such PhD programmes and. the nature of'the
essential ingredients of such a programme. We believe that the purpose is

to provide the student with 0 variety of opportunities to develop his,

talent for science and technology and his interest in materials. In the

course of his-PhD work he should provide himself with .a strong basis in

the physics and chemistry of solids and the interwoven discipline of

materials science and a broad interest in materials in general. In addition

he should learn how to plan and carry out a research project and how to

det the a problem and study it in depth. He should learn how to assemble
hits arguments and concinsions, present them to his critics and oeers, and

benefit from their constructive criticism. It is firmly held by advocates

et the British system that all these experiences can be obtained by the

studenCs rectal wing guidance and encouragement from his thesis supervisor
durine the course of two or more years devoted almost exclusively to a
research topic. in the American system it Is considered that it is
aetessary to provide a range of formal courses from which the student can

select related courses which fit his particular needs. in addition, the

,tmitnt arries out research on a topic very similar to that selected under

the British system and he receives the same type of goidance and encourage-

:nnt at hi:: British counterpart.

We, of course, agree thatithe educational experience most likely to

hAv lastlre; import:ince to a student is his interaction with individual
rli9r141t..r; cif t far ii ty At the graduate level the tuden:. teaches himself

cu! not require the d i sc i p 1. Inc of formal courses taught in the

:Nanner to which undergraduates have become accustomed. However, not believe

e7.cept for the most unusual stadent, meaningful personal contact

an be made throw;11 chance meetings at coffee or in the corridor. It is

possihi for a student Ao appreciate folly, the intllectual vigour of a

')rotessor <«uly by the student's partieipatthe in a-courseAn whichthe
prote:Isor sets out logically and systematically his analyses of, and

thouOits on, an advanced topic and where the student has ,had an opportunity

to interact with the professor in a swan class. All students learn as



trom their association with thethesis:sapervisOr, but 4t the
stagentls experience is:limited to.oae jacutly member his total ex-
IWT.4.PCV, 4.most certainly, Fill be lesS than.adegnate. t f eourse,

what a student derives. from anyHarrangement of. gradnate.studles::
dependstoa Jarge.extentnpUn the..stUdent:himSelf... jherWell7motiVatedi,
highly intelligent stisdent.Withod work habits will benefit from

an =41,0410-0t1-.:TIOs. Vx1;aa1P.$ why nu obvious coTre140.94-
eXists between the perferMauces. and achievements of PhP graduates and
the system in whey: theywere edneated, 11:Anynational system the.
best:StUdiintS tend. 0:seekadMiSSiOn to :the ScheOls and, 00.
.baiance,.ithese...are the .students who achieve.- the most after they _have

gratitiat4 4 our gT:a44.41.64 piograime should :ke 0.04 by
quality and.:,range.of opportunities4toffers F..).theAtud(m)t, not. by
thoachievements of .occasional outstanding individuals who may have
:gone through the process in the past.'

ItH4S usual in Canadian graduate schools to adopt a middle course
between :the British and:American system, In most of theOrogrammes-:we-
examined in Untario. there was .considerable emphasis.on the thesis. and
th importance of the thesis supervisor, but. there was also a-substantial
course requirement which varied between three two-term courses and eight
halt.conrse.__Although not qnite:so.large as the course load usually
required of graduate students in the United States, it:is still a large
toad. It should be adequate to provide the range of experience which the
best students are seeking, provided that the courses have a suitable
content and are well taught. We deteeted, however, a tendency in some
universities -.in Ontario to regard.the purpose of "graduate courses to be
simply to t i I I some gap which is imagined .to exist.in the undergraduate

programme. Many such eourses were lectures on experimental techniques.
This tendency to downgrade graduate courses until they are little more
than supplements to laboratory experiments is particularly noticeable
ariengst !acuity -members who received their education in Britain. 'We will
k.,)Liment upon the range and quality of graduate programmes when we discuss

the pregrammes in 11,e individual universities.

Ali categories of materials programmes require a solid basis in the
phvsiLal sciences and, ct'nsequently it is important that the student
sh_luld have contact with physicists and chemists and applied mathematicians.
The range of experience needed by students in the three types of materials,.
prorramme<t with which we are here concerned are different. The student in
extractive (chemicalYmetallurgy, would benefit by exposure to faculty in
mineral engineering and chemical engineering, as well as interaction with
t.0 -nity and students in materials engineering within his own department..
In !,ome universities a substantial part of .the extractive metallurgy ctirriu-.

ltam i, contained within the chemical enginetilng department. it is also a
subieci which is, in part, suitable for treatment by cconometrin models and
other operational research techniques and It is probably desIt4ble to ea-
cm.rale.e students to have some .experience of these industrial engineering
r(thods while tht'Y In the university environment.
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-:tlidents who intend to heionin materials engineers need- to have access

to courses uhich develop, in d6 sSillinni,emrfd a way as possible', the

part icular materials teehnology in Viiich they intend to specialize. In

nnnitinn they will, want to broaden their knowledge of materials in
general by having available courses covering a range ot technolngies.and

the materials,sOnnces 4:11 which they qre IL is important
that such students should be intimater'. connected with the work 'bther

ennineeringsdepartments in the university and of engineers in industry

or novernment service. Effeetive. interactien with induscry. isTartieularly
important during the yars of graduate study and very diffiCult to' anhieve.

science is made up of ,a.ranne of A InntGtinls

ncience.programme can be put together-by an association of faculty expert
-ip these component disciplines, from different departments, or the pro-

nramme can' be interdisciplinary within a single department- of materials

science. Only a tew of the largest departments in the United States have

a staff with a suitable variety of backgrounds to have been able to develop

-a materials science pronramme largely within the department. fn most

'pLices the programme in materials science is an association of faculty

members from a number of departments, although in many cases there in

nubstantlal eoneentration within a department which may contain the words

'materials science' in its title.

in man universities in the United States Interdisciplinary materials

nnienee activities have developed aroun central research organizations,

known in the priginal.pronramme as Intyrdisciplinary Laboratories for

Materials Researc h. Asme twelve years) ago a dozen of these centres were
established by the Advanced Research Projects Agency of the Dep4rtment of

Defense. Those, and a few other ceritres established by they agencies,

vary considerably innize and in style. They are all 'horizontal structures',

moaning that they are-an associationoi faculty members from several depart-

ments of the university when come together to- develop an interdisciplinary

activity in materials. Three similar centres, although on a much smaller

were established a few years ago in Canada. The National Research
nonncil negotiated Development Grants to the universities of McMaster,

Toronto and British Columbia'. We will comment :shout the of of

the research centres at Toronto and McMaster Insofar as they have played a

role in the development )1 materials science programmes at those universities.

other :research centres relnitednto materials work, blot not. essential to

ri;iterials crienee, have been established at other universities in Ontario.

of these have ha,! some Lrailut en the materials programmes, as will

proi7ammes .1t individual univf.r!:;itivs, we miu:t

ajnr,n:s the enerAl quv:,tion or the eritinat sizo ol a department if it is

to .be effective. .This depends, nn course, upon'thc nature ot.

depiTimellt and.the oh jet-tives- of tH prograRtm!s. TI the British,view in

that_ tlw total radiate experience is cent rod around the thesis,
nronineme regnia-es only one rood faculty member.

du,part.c4.:0 wtall.ury in nritain have, in t...he past , t'ent:itin



only two orthree professors. It , 'however, American view is adopted
then.the departments .weed to be sulticiently large to .provide a. proper
range'ot,conrses from Which the stil0t,'1!4n st,''WO programme.
Ol)y1usly gal I thecoursesneed not beoffered:by a single department,:
our view it is desirable that the ...student should be t anght, by .faculty

MeMt).ers from-Ihe bits i s Sclence department well as by facultv members-a

from the engineering_school. -Uhatever,arrangeMent adopIed., if

prOgraMM 141 .xtractive (chemicall metallurgy or materialsiengineering is
to haveepheSion,,_,a1 least.acore of: subjects mtist Ileoffered-withiLn.the
departMent,pf-materialSjn thengineeringsChoolThe'criIicaLSize of
this,:core:depends a:great deal nponhefstrengths inrelated:disciplines.
whill exist ..within :the= nniverSity and the:extenI ioWhiehTthe departmental :
-programmentili?,es suitable courses outsidejhe*depar/men.,,Itt.certain.
-.circumstances a departmental programme in extractive (chemical) metallurgy
:J.-equires'only three or four faculty members to .cover the core subjects in
.pyrometalinrgy, electrometallorgy, high temperature. chemistry and oxidatiOn
and corrosion. It is annsual,howeverfor materialS engineering programmes
to be able-to_draw.on.martyconrses on specific materials lechnoiogiesoffer-
ed by. other departments. Here the problem of _coverage often becomes acute.
It requires a Substantial number of faculty members to be able to provide
in7dpth graduate courses covering the processing, properties, and engineer-
ing ,utiliz.ation of metals., ceramics.,polymers, and electronicmaterials..
Because'historically most materials engineering departments have developed
from metallurgy departments even those departments with a large number of
tacnTty members often put an excessive emphasis on metals. If a materials
-science programme is. made up of courses drawn from a number of different
departments', then the number of faculty members in the materials-d.martment
need only be two or three to provide some focus for the programme.. _There
are a number of viable material science programmes which have developed in

this way. However, in other universities the interest shown by faculty
members in chemistry, physics, geology, electrical engineering, etc. has
been insufficient to provide a basis for developing a programme in materials
f,cience, and the initiative has had to be taken by the materials department

in the engineering school. In these circumstances the department needs
faculty members in the different o1 ponent disciplines of materials science.
In A few universities in-the United states interdisciplinary departmental
'.;roups with more than a dozen faculty members have been developed for this

purpose.

Ourift4 thE. (011r7,:,;, of our discussions with. members of the faculties of

departments of metallurgy and materials science in Ontario, we occasionally
enc,2untered the argument that in order to attract good faculty members to
teach the underAraduate programmes and to keep them happy after they have

1,eenr-rnited. it neee:;sary tor there to be opportunities for research
And thc research should he-carried cat by graduate students: therefore
ti,cro tO !Ir." a Phi) proamme, however small the number of tactilty
:era. and students involved in it.- I't' di not ful1v accept this argument.

f i membet of the an of an undergraduote department wishes to continue

resear(h do:1i! eilecrively nsinq research assistants and

;iost-de,t,uni !( e,t be admiffeil, however, that- most professors
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;.4
t-4roug-interest in'researh are:unlikely to

predominantly underraduatc enviotiment.
e content to work in

'll of TUE -1'RoGRA1/41MES- AT INDIVIDUAL UNIVERSITIES

Itte programmes at the dliterent univtrsit les are discussed in the
in which most ot the consultants happened to visit the campuses.

1:n i ty

ordet

The-department. Concetned-withmaterials.1t-McMaster-jfnivetsi.ty.iS
.111.vdthe,Department.of Metallitrgy2and.MaterialSSCienCe...CatuadateS are
'1.1.1q0'..f"r.:.A.t*uate,Work-1eading:.to the.MSe.degreejnMat-eri.alsece.,
to the MSe degree in-Metallurgy and to the.MEng in Metallurgical Engineer-
ing or to the Phi) degree inMeIallurgy or Materials Science.-

kt the undergraduate level the programmes are in the Metallurgical and
eramies Engineering. in addition, there are undergraduate programmes in

..iterials science (in the Science Faculty) and in engineering physics.

Dat a relating to the materials programmes at McMaster Universiy,
Olected by . ;CAP., are numMarized as follows. The staff of the department

consists of seven full professors, two associate professors and one
assistant professor. Four of the. faculty members described their field of
specialization as extractive metallurgy (2.4 FTE), six as physical metallurgy
(i.6 rrE), three as engineering materials (1.1 FTE), and seven an materials
iiencv (2.9 FTE). Howevel, at the Phi) level only two programmes aro
faltered, one in mttallurgy and the other in materials science. Currently
there are 36 students enrolled in the graduate programmes, a number which
has varied little over the last few years. Of the sixteen in metallurgy,
seven are doctoral candidates in extractive metallurgy, six are stated to-
be in physical metallurgy .and three in engineering materials although
neither of these fields is listed as an area of graduate study in thc?
t'atalop;ue. Of the seven PhD candidates in materials science only one is
An engineer. After talking with some of the students and staff and examin-
ing the details of thc programme in materials science we came to the con-
,Ausion that all the 4ectoral candidates listed under physical metallurgy,
onv:Ineering .matetIals and materials science could be included in the
CateOy which we -have described. eariir in this report as materials science.

the nature ot the courses selected and the research topics on which the
s,t;tilonis are engaged, some ot these materials science programmes have more.

of an engineering flavour than others. Of the 36 graduate .students enrolled
at the present time, 13 have first degrees from an Asian university.

onl!inverin;:; school at McMaster Univn;ity has not yet reached its
undcyr.iduate cnrolment 'coiling'. There :Ire at present only big) under-

)1-aduates in engineering. (0 the.treshmon class of- under 200, about 100

,t the .student , Are tInciamitted when they' enter the university. of these

in .'erage 01 :,,tlident per yelr elect to take metal lurgy. Five students



innthe .cienCe Faculty el eet materialS-scienCe.eaChye4r, and aboUt
1_,t.1,-en ottu ..itn.int:: take some materials !..-ietice courses through the.

Lug incering its prog rammes ly -a stit.1.11 rac tiOn f this small
Undergraduate_populationdo graduate work attertheyjiaye their
bahelor's degree::and.-On17..:a fraCtiOnivf. these...graduates elect to dOtheir

graduate ,work at McMaster.: Thus undergraduate programMe is not a

vers,'prodn-ct-ive ..SOurce-Onf :elle'Ara40ate pro-,

gramMes We recommend'that the be given the opportunity .:to

introduCe materials selence to all engineers before they-have selected
their-undergraduate opt ions

'AtMcMaster:-1:niversity,research-On MaterialS-ls-organi4edby a Multi--
.

disCiplinaryjnstitUte .01:MaterialS ReSearChwhich'ellibraces eight:
departments;the Department'efMetallurgy and MaterialsyAcience, together
witi0..hemishysics,GeolOgyiand_four engineering departments
(fiemic,11. ivil r jectrical ;-nd Engineering.I'hysics, The Institute also
iucludes. associates trom industry and,government. At the preseittme

are.Tepresen.ccd-hy.members from Westinghouse I'anada)1.imited,
W,..1wvn (t,,anada) Limited, and Atomic Energy of'Canadal.imited. r1 total'

of 41 faculty members in the university are active membTs of the
institute for Materials :Research.. Mcstof them are -housed in large
modern buildings. which are..adjacent to eackother and so facilitate inter-
mingling cat the staff, graduate students and technical assistants. The

Institute was founded andhas received continuing support from an NRC
Negotiated Development Grant. A substantial proportion of these and other

ft- sources have been devoted to building up experimental facilities which

:ere' used In ommon_by groups of faculty. members. of _the. Institute, ,These

facilities are excellent and equal to similar facilitiesin other parts

the world. The research covers a wide range of topics in materials science
and the productivity of the members, as indicated by the output of publica-

tions, sn lash. There .appears to be active interdisciplinary cooperation
which is fosgtered by seminars held within the Institute and by the impressive
visiting professors programme. Another area in which materials scientists
play a significant role is in the newly established metal-working group
within the Faculty of Englnering. This activity is also the result of a

',Negotiated Development:Grant, the annual contributions from which over five

-ears will total SSOD,000. AIL the members of the department of Metallurgy

and Material:; Science area members of the= Institute for Materials Research.

to date, only two or three. of. them participate in the metal-working researrh

programmes but it is expected that this participation will increase in the .

near future. Jr is remarkablo that all ten members of the department receive

per:Aal operAtLng grantsfrom NV, or ORB. To 19/2/73 these grants totaled
averaging t^;21,407 per full professor and $12,000 per assistant

profenr.

The graduate programme in materials science is administered by tho
Department 01 Metallurgy and Materials In addition to the fartatv

rieMber:-.: of the Department. there are 13 professors from other departments

a7sociztted with the prorattml. They are described as 'associate members'.

rhtv are drawn f row the dopartmntli of Chemical Engineering, Physics, Geology,
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ChemiStry, Ele t-ri.:al En gineering,' and `Engineering PhYsits. Thus the
faculty members teaching in the programme represent a wide range of
discipltnesappropriate to materials science .and the courses that are

avaiJable to-thestudents.cover.a.comOce sPe4r4mt VisitOgPrOfetIsts
brought,,te the through the Materials Research frisritUteliave-
contributed interesting supplements,to.the courses offered by regular
f.a.C.ttiItY 'Members..., As with lost'graduate.-PrOgraMmes at. *McMaSter,- 'there is

strong-eMphasis on the... scientific basis of the subject and a good deal
_of importance .is attached to the ,coUrSe work taken_hoth inside and outside
the department;.: 1n-the: materials:Science-ProgrammethereAs' a. minimum'
requirement of four ceurses, althOugh moststudents take more than this'
number. We founkithaL:manY-graduate.students take, advantagc,of the
t:ourses offered by faculty members in other departments to supplement
their departmental courses.

rile admission standards applied to candidates seeking entry to the
materials science programme are as high as those imposed by any of the
other schools of materials science in the United States Or. the United
.Kingdom, but, not so high as to, account for the rather small enrolment of
graduate students in the programme. Between February of 1972 and June of
1973, 117 applications were received, only eight of them from Canadian
tudents. Twenty,seven offers, seven of them to Canadians were made, and
fourteen of these offers were accepted. One or two of the Canadian
applicants came to McMaster. This year an aggressive campaign has been
launched to try to attract Canadian students from disciplines other than
metallurgy and materials science. It is-too early to judge the success
ot this effort, but we are hopeful that there will he a marked improvement
next year.

The graduate programme In materials science at McMaster is the best
programme of its kind in. Ontario and probably in. Canada. It provides
.74cellent opportunities for qualified graduate students to study and
carry out research over the whole spectrum of materials science in a
:a-holarly. atmosphere with first-rate professors and with appropriate inter-
action with other enginet! ring disciplines and industry.

1t i.s. the only materials science programme in Canada which covers
adequately the basic science related to all classes of materials, including
polmers. The polymer work is done by faculty members of the Departments
of (Aamistn arid Chemical Engineering. This part of the program= could
be improved by the addition of a staff member to the Department of Metallurgy
and Materials .:it:: a special interest in polymer structure-property
relationships who could also provide liaison with these other departments.

114, praduato population in the programme in materials science at McMaster
hiver,;ity doubled without developing the need for any significant,
ink:reae in the resources aliocatod.to the programme.. The limit to the size
of the population is sot only by the number of qualified students they
attract into the programme each year. Only in the last year or two has there
been a concerted effort to attract students graduating froM physics,



otTli-strY 047 geology ender graduate programmes in other Canadian
Universities. The course requirements should be re-examined to, ensure
that no unnecessary 'professional' requirements are imposed on scientists
entering the course and that the programme is presented in as ,attractive
a way as possible.to the slAence graduates,. We predict that,a sustained
c4mPaign along t-hee.lines will produce-,a sizeable graduate-population in
materials science at McMaster within the next five years.

We recommend that the preeminent position tn Canada of the mate.ri:als
. .

science programme at McMaster University be recognized. The programme

should be expanded and the efforte of the faculty members to recruit gpod

students from undergraduate prezrammes in physics and chemistry should be

supported energetically.

The dectoral programme in extravtive metallurgy is not as strong as
the programme in materials science. The research carried out by the small
number of faculty members in the programme is of good quality, and very

- suitable for thesis work for the PhD degree. However, the range, of the
programme is inadequate and no interdepartmental administrative arrange-
ment which would facilitate broadening 3f the programme has emerged. For

example, there is no attempt to incorporate courses in heat and MSS
transfer offered in the Chemical Engineering Department into the programme.
A few years ago the extractive metallurgy group established strong, working
relationships with_ the large local steel companies, Stele°, Dofasco and
Atlas °teels. These interactions are continuing. Moreover, interesting
cooperation has developed between the extractive metallurgists at McMaster
and those at Toronto, whereby they have jointly sought the help of the
Department of Industrial Systems Analysis at Toronioi to develop courses
in economic systems analysis for extractive metallurgists. These joint
k.ourses appear to have been very successful and there is every indication
that this type of Interaction could and ,'ould be developed further.

it was argued by semen faculty members at McMaster that the small scale
of the prOgramme in extractive netallurgy was justified because the work
they deis entirely-'scientific'.. They argue that if they want to scale up
their experiments they could use equipment and facilities atone of the
steel cmpanies. We urged them to develop .these interactions without delay
and to oreduce a better balance between the scientific and engineering
,.entnte of their proramme.

It is tempting to seat*; est that the small number of faculty members

in extractive metallurgy at McMaster University be moved to
Tor.Into to supplement the .already substantial effort in this area at that

unl.,ersity. However, it '8 recognized that such a move would he unacceptable
to mane people. There is also the fact that the programme at Mc Master:AS*
larely concentrated in steelmaking, which is appropriate whep one,--eonsiders
the neighbouring industry, whereas that at Toronto is more heavily weighted
towards non ferrous, extr:tetion.
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We. therefore recommend that the progIramme in Extractive Metallurgy _at

McMaster University he strengthened by,aditing one faculty -member and by
increasinAthe participation of awrqriate -faculty members from the

DePartittent of-t.heMiCal Eh_glinevring. -C011aboration with the Complementary
, .., .. ,..,... ...." : 2 .. . .. . '

.d., .. . , ,

e,,tractive grnp at the Untvorsiry of Toronto Should be continued ancl.ex -
..:-..-.. ..............--

rai ven,ity of Toroitto-

There are 14 faculty members in the Department of Metallurgy and

Materials Science, five of them (4.0 FTE) working principally in, extractive

mtgalluXgy. The others.:f.re described as being either .in materials research

or physical metallurgy or both (Appendix 7). This year there are 1.2 candidates

for the master's degree and 8 doctoral candidates in extractive metallurgy,

omparedwith five master's and five doctoral candidates in materials research.

In addition, there are six master's and three doctoral candidates in physical

metallurgy. It is rather surprising that although the words 'Materials .

Science' appear in the title of the department, they do not appear in the

descriptions of the doctoral programmes. There is, however, a Materials

Research Centre which, like fhe Materials Research Institute at McMaster,

was developed from an NRC De4lelopment Grant. The Materials Research Centre

at Toronto has members from the departments of Chemical Engineering and

Applied Chemistry, Electrical Engineering, Civil Engineering, and Physics,

in addition to six members of the Department of Metallurgy and Materials

Science. No central experimental facilities comparable to those at McMaster

have been developed, although equipment acquired by individuals and small

groups of faculty members is standard and adequate. The Centre runs a use-

tul seminar series, with internal and external speakers, which is well

supported. Eight of the faculty of the Department receive NRC, DR8 or

Mkt.: operating grants totalling $149,800 and averaging $12,483 per member of

the Department.

The Dopartment at Toronto has for many years had an international reputation

tor its graduate work in extractive metallurgy. Underthe presPntdepartment
chairman this tradition is beingmaintained admirably. The range of research.

the quality of the individual programmes and the general level of activity

ot research in extract ivc_ metallurgy are all excellent. Thereisgood inter-

action with industry and support. from the steel companies and others. Doctor-

al candidates are required to take 4 courses, 2 inside and 2 outside the

department and thereare.some very attractive courses in extractive metallurw7

from which the students can choose. However, the .range-of courses is surprising-

ly limited. More attention to courses in mass transport, hydrometallurgy

and the economic aspects of extractive metallurgy is desirable. Perhaps new

courses in these areas could be developed in cooperation with McMaster.. There

seems to be little difficulty in attracting good students into extractive
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metallurgy programmes and- there appear to be employment opportunities for

graduatos ot the programlike.

We `recommend that the otttstanding programme in extractive metallurgy

at Toronto be -recoAnized and used as aAlase.from which-t0,sievelop A

I.arger and broader programme in .mineral eniineeritliand -extractive.metai-

1,i14Y±

establisheda .school -Of

physical- IpetallurgY(or,thetalphySicSIat.TotontspectaliZing:in
resear.ch:on thesolidification-ofmetals-:andalloys.--Craduatespf:this
programMenowhold'important'positions-ina;04mOgr,Pf.Universities sa

Canada and elsewhere in the ,world_. it is difficult to know how to
classify thatpar*of the programme-which.remains.in the Department...,t0daY,
itjs not-a-materials:science...programme, although it has some:of.the
&411pnepts. of.E,cb*.programme, Nor does itcovet the s.range.of vatertal.

expected. iii a materials engineering programme, although there 7are'some.
excellent. courses in metallurgy and. ceramic science. There is virtually

no instruction in either the science or technology of polymers.

The individual .faculty members in physical-mtallurgy and materials
research at Toronto are excellent. Together they would constitute important

Tarts of a programme in materials gineering. With the support of .

faculty members ,in other engineerin departments, they could develop irst-
rate:mated4/s engineering programm although specialists in polymer eng-

ineering and electrical and optic properties of materials would need to

he added Similar support in mat rials science at Toronto is. surprisingly
weak. Although it is probably ad quate,tosupport an expanded materials
engineering programme it is probab nadequate, at the present time, to
provide the base from which a successful graduate programme in materials
science could be developed. The Materials Research Centre should be greatly
strengthened organizationally and by the addition of major, communally-
operated experimental facilities.

We recommend that a full-scale graduate proramme-in materials engineering

he develcved at y'orontotxieadditionoffacultmemberstheUniversitofl
-

JE22EITIELltxzpl!ALLTIJ to the Department of Metallurgy andHaterials

Science (which should change its name). Cooperation with faculty members in

other engineering and science departments who have an interest in the

__Appli,..ations of materials should he devel_aped_aned.
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ueen!'4. t`niversit..?

The Department, described as the Department of Me allurgical .Engineer-

ing. is made up of eight ;professors, four .:o them Full professors, three

Associate and one assistant professor. The fields of research are

4escrIbed as-PhYsicai and mechanical MetalluYV* extractive- metallurgY
and materials science. When asked to declare their field of specialization

ail the Staff seleted Tmetallurgy*- The indivi4ual faculty members are

quali fted. -; ti. few have had some, -apd the- chairman great deal of .

industrial experience .andrelations;with local industry are good. A

number of students complete their thesis work or 40 projecfs is local in---

dustrial laboratories. Ottawa is only two hours away by road and there
is some interaction with the Mines Branch and NRC. The financial support
from industry_ is meagre but there is an encouraging new development in the

interaction-with Chalk River. five of the staff (2. full, 2 associate,. and .

1 assistant professor) receive NRC or similar grants totalling $51000. .

averaging 510,J00 per grant. and $6,438 per faculty. member-in DeParLmcni-
ihe five members receiving grants are the only ones actively engaged in

research. Three are productive, judged by the publication of papers in

refereed journals, The other two have a small output of papers although

they appear to be serious and dedicated researchers.

A Mat,rtals Research Centre, in which faculty members from Physics,

chetfustry, Geoiogy, Metallurgy and other departments collaborated, was
established five or six years ago. ft was. disbanded last year. We could

_dete,ct no enthusiasm on the. part .of the facjilty members to revive it or a

similar interdisciplinary or,Aani2ation. Two years ago faculty members In
mintral engineering were split off 4.rom metallurgical engineering and

added to the nepartment of Mining Englneering. This greatly strengthened

but weakened Metallurgy. it is claimed that there is still Inter-
action betyeeh the two departmesits but these interactions are not strong

it the preneut time. The Department of Metallurgical Engineering is housed

in a good building .and is well equipped for undergraduate and graduate

teaching at the master's level. .Spedalized equipment needed for individual

l'hn,research projects is adequate and In some crises good. Faculty and

students share somr basic e(iuipment such as electron microscopes, but

the group too small to warrant the upkeep of central facilities. Some

arrangement for Thariug eqnipment.Oth other departments of the nniversity

A :mister's programme in was established at Queen's in the

but the PhD programme is of recent origin. The first students

were registered in 19647h5. The.programme has a turnout of 8-gradLiates to

d.fte.plus 2 in minerai.engineering). he total number of.Araduate students

in thr (!eprtment re abed a maximum of 3 in l967-68, and has fallen to ll

it divided betweenth.. present ticir. Thesestudents areabout equally
,xtractive and ph..fsieal metaltnrgy. There is' no indication that any of

the students want to pursue a proctramme in materials science. Of the

students f7urrentiv enrolled, 6 are doctoral candidates. one of whom is
Part..-timo.stlident. All the graduates of the PhD programme have found

suitable ertplent and if, was thought by the chairman that-the Department

'i,rktu.0 a.4,1 tt,14;..,r three PhD,: per year if could enrol



enOugh)suitabl,Atialified StUdentslinfthePr4raMme: :They'receiVe'oVer:
tUO:.ipplioantS. each year hnt only 4 or 5 from canadian students and
ihere- seems to be no prospect of this .situation improviag in the near
future,

e
Canadidates m or tle Phi) degree are required to take a minimum of

Lite e441-Valent of four-half-courses. Sixteen-graduate-courses are listed
Ln the c.atalogue. These provide a good coverage of physical met-11141-MT,
some coverage of materials science (the colloquium on the Physics and
Chemistry of Solids, 4teld-in conjunction withgraduate.cOurses in the
pepartment of Physics and the Department of Chemistry, is an encouraging
slAn of Lnterdisciplinary activity) a barely adequate-coverage-of extract7

t?vtallurgy and no coveage of ceramics or _polymers, The range. of

courses offered in materiaks'science is extended a little by .the inclusion
of a Chemical Engineering course in statistical thermodynamics and a
course in applied surface chemistry offered by the Mining Department.
Similarly, extractive metaOurgy is extended by inclusion of the same two
coprses, a chemical .engineering course in mathematical models of mineral
processes and optimization methods for mineral processes. However, there
are no courses in some important areas of extractive metallurgy such as
tluid dynamics, heat and mass flow, and electrometallurgy.

It was.clear from our conversations with the students that the range
quil variety of courses available to them is not even as great as appears
from a reading-of the catalogue. Because of the small number of graduate
students in each year of study, most of the-courses are given every second
year or. even less frequently..jhe sixteen courses. listed.are.taught .by..
only seven professors and, inevitably, faculty members are teaching some
courses in subject areas in which they have little research experience.
it was very clear to us, however, that the small group of faculty members
teaching. in the graduate prograMme are talented, enthusiastic and,dedicated
people, One or two of them were carrying much larger teaching loads than
would be normal in a larger department and we discovered several instances
in which graduate .courses had been taught on a regular schedule to only
one or two students; On the ()thin hand, we also. heard from a numb of
-the students. specializing in extractive metallurgy ..that they were obliged
to tlke courses unrelated to their field of study in order to satisfy the
general requirements because these were the only courses available.

The department has one of tiw,strongest undergraduate programmes in
thee Province graduating 15 LO 2Thstndents each year with BSc degrees in
Metallurgical l:ngineering.

The Department is well staffed' and well equipped to carry out this work
-oni would bo helped by the opinirtunity to Leath a materials course to all
reshmen engineers.

in surimary, the doctoral programme in extractive .metallurgy, although
tiught by well-qualified and .elfectiVe faculty memben; is Inadequate in its
present form. 1'hc range of courses offered is too small. The research



ac'-tiviiV, although of goad quality, is-too limited in-its variety. -The

i3tor.wiious tIctvict.n .:tudents and faCulty members in extractive metallurgy

and those in related disciplines such as Mining and Mineral Engineering

and Chemical .Etigineering are ineffective. rite programme attracts only a-

very, small grdup- of qualif ied, students, and few of these are from Canadian

undergraduate programines. There are,' however,' at lk,ast two r0a-sons why

the doctoral' programMe. i ext-;'act Ise zat Queen's: should

developed and Strengthened. For the reasons'discussed earner, PhD
graduates will be aeedd in the years ahead by the mineral and metallurgi-

cal' industries in canada. 'A.-majority Of the' graduates needed will have to

he, produced in.Ontaro and-the output from Toronto and McMaster Universities

is-not likely to be sufficient to meet' the future demand, :Queent bas

tor many years had a .good ,undergraduate programme.in met l luar from'which

many operating and supervisory staff in Canadian extractive metallurgy

industries have graduated. The University has a:hiStory of leadership in

Canada in mineral engineering, geology and related fields. The programme .

in extractive metallurgy should build. un these strengths, There seems to

tie little doubt that the separation of, mineral engineering -and metallurgy

weakened the effort in extractive metallurgy. Ways should be found,wherebv

the two groups- can he put together again to develop an imaginative doctoral

progrnmme designed to fit the future needs of the Province.. The faculty

members in Chemical Enginevring should also be intimately involved in this

new initiative.

Vhe doctoral programme in physical metallurgy is a good programme of

a traditional .typo taught by young and talented faculty. members but it

is not a programme .in materials. engineering.. Even..within Ple..rAnge of
traditional physical metallurgy it puts great emphasis on mechanical

nhy!,.iral metallurgy and this activity is likely to be further emphasized

when collaboration with faculty members in Mechnical Engineering on projects

concerned with :extrusion and machinability develops. There is, of course,

a need for a few specialists in physical metallurgy and, no doubt, the

programme at Queen's will continue to attract a few good students and to

graduate a fnw PhDs with this type of specialized. knowledge. There seemN

to be no reason to perturb the situation. However,-although the programme

in physical metallurgy mould probably provide &suitable basis; from which

to expand, by .odding faculty members in polymers and ceramics, into a

programme in materials engineering, it is not recommended that this step

b taken at the present. time because the necessary supporting effort in

science in the university is inadequate and in disarray.

Attempts to develop an interdisi7iplinary doctoral programme in material!:.

science at Queen's appear to have been unsuccessful. Probably, in the

ie:<t tive' on1.7.!ilm.full.programe in- materials science in the.

'revinise will Le needed and '4 art he jnstitted. This need gill _be met adepritt

k -McMter. An attnmpt to revf. materi a,1 s ,icienre at queen's cannot be

-0ippt-toti at the present time.



Recommendations

, The prograame.in extractive-metallargy he:rePlaCed:bian enlarged

prosramme in extractive metallurgy and mineral engineering developed

jpintly by faculty_ members- from the. Dellartmenta of Metallurgical Engineer-

ina Chemical kr_12.1_

2. The PhD prro ramore sled fallur be-mate aintained.

Univeisity of Waterloo

There is-no graduate programme in materials at the University of

Waterloo and consequently there is no PhD degree in metallurgical engineer-

ing or any allied field. The undergraduate enrolment in engineering is the

largest of any sehaol in the Province and the number of graduate students

enrolled in engineering departments is seeend only to Toronto. At the

undergraduate level the programme is a unique co-op plan and at the

graduate level cooperation with industry is extensive and effective.

There is a group of six or seven faculty members, five in the Department

of Mechanical Engineering, each of whom was trained as a metallurgist or

materials scientist, who do research on such problems as fatigue, solidifi-

cation, properties of bone, machining, welding, forming, creep, ductile

fracture, strain, ageing, and interfaces. The five faculty members in

Mechanical Engineering received last year a total of $114,725 in industrial

and governmental research grants. They are, and consider themselves to be,

materials engineers working in a Mechanical Engineering Department on

mechanical engineering problems. However, most of their students consider

themselves to be mechanical engineers with a special interest in a

particular class of materials; or a special materials problem, studying for

a PhD degree in Mechanical Engineering. Although there is close coopera-

tion between the faculty members in Mechanical Engineering working on, for

example, metal-working problems and those in the materials group, all the

research we saw under the direction of professors in the group was

strongly focussed on a materials problem and was indistinguishable from re-

searh carried out in physical metallurgy or materials science departments

in other universities. the group offers graduate courses in mechanical

metallurgy, thermodynamics, phase transformations and composite materials,

all of which could be found in the curriculum of any good department of

physical metallurgy, or as courses contributing to an interdisciplinary pro-

gramme in materials science. The faculty members in the group are well

qualified, young and produrtive. Their research Is imaginative, Although

the topics are traditional, and several of them are achieving an international

reputation.



There are materials courses offered by ether engineering departments.
For example, under Civil Engineering: courses listed, include, "Advanced
Topies",in-the BehaVior of Materials and Fracture Behavior- of °Materials"

and, under Chemical ,Fngineerine, "Principles of Polymer Science and

Physical Properties of Polymers". We were left with the strung-impression
that, if the faculty. members and courses concerned with materials
wsre'brOught together in an administrative unit: Waterloo WoulAiproli#ably

have the ,strongest and most comprehensive graduate programme in materials
engineering In-,the Province-and, furthermore, one which would have the ,

great advantage of being an integral part of a vigorous engineering school.
obviouslY9 this concept haS received some attention inside the university.

The deans and deparieent Chairmen we interviewed eXpressed .their lack of
enthusiasm for the idea with various' degrees-of intensity. Prom-the start

of the. Faculty of Engineering' at Waterloo-there has been strong opposition
from both, the administration and the faculty members to small groupings_
and 'mpires'. There was, and atill.iS, opposition to the fornation'of'
the only interdepartmental group in the Faculty, the Solid Mechanics Group.
Even today this group is only a 'graduate division!.. It does net have a

'head', only a '-spokesman': However, in conversations with- some of the

most active younger faculty members we detected some impatience with the

traditional attitudes, of the administration and-some of-their older
colleagues on .this point. They believe that a materials engineering group
would give greater visibility to their work, be a more appropriate unit
than the Department to which to look for evaluation and support when they

are under consideration for tenure, promotion or other rewards, would

_promote interaction between faculty with a primary interest in materials

engineering problems; and lead to a more-balanced and meaningful programme
for the graduate students interested in engineering materials. We agree with

these views. We recommend that the Faculty of Engineering be urged to

reexTlinett-onthatsoadmintptratimeldoraniationalstructure
be developed to give coherence and visibility to a graduate programme in

Materials engineering.

in the Physics Department there are a number of faculty members whose

primary research interest is in a materials problem. Their interests cover

such topics as parameters of.crystal lattices, thin films, lattice dynamics,

_diffusion in Ili-IV compounds and crystal imperfections in semiconductors.

A distinguished member of this group was at one time a professor of metallurgy

and chairman of a materials research unit at another Canadian university.

The Physics Department lists graduate courses in "Crystallography, Stability

And Properties of Metallic Phases and Crystal Structures, Electron Microscopy

and Electron Diffraction, Solid State Physics, Imperfections in Crystals,

Crystal Physics" and other courses of central Impnrtanee in materials science.

Some of the students in. the Engineering Faculty take sonic of these courses

but we did not find any, evidence that a significant number of students

in Physics benefit from some of the excellent courses In materials in

Engineering. No Materials Research Centre has been developed In the

university nor have centralized research facilities been established, although

th' re ire qpmf. informal arrlmtement-; f«r ,Olarinv, equipment. Some admi-,i.,traters

expressed the view that they did not need to adopt this 'device' for

obtaining funds for equipment.



The faculty:membersmorkingon materialsproblems in the departments
of PhySics,' Chemistry, 'MechaniCal -Engineering, Civil Engineering and

Chemieal- Engineering., when considered together,. certainly constitute one
of the-larsti And 'amongst-:the-tokt talentd, ;group of materials scientists
and Latgirteers, to be foiuld at uny .of the universities in Canada. Nearly

all -0-1
_tie'eded first ,,irate Proge4MMO.in-milt014ssc-i.vhci?:

alroadyexistin:theu4versitY. lInfortunately,,WoCould.find nn reason
tohepethat-a 'coherent Int'er4fsciPliParY.efforOil Materials.science
would eMerge in.the near fatur.. There ApPeats-to hesiv
desire eq. the part_of. the administrationtolOsterorganizatiOn4.whitheut
aer9s4 4epartmental,or ;school ..boundaries. Not Is there any evidence that
an aPpretiable number, of the f'aeulty members:_want tO:participate'in such

arLIPterdisciplinarl! effort; 'Wel.feettbat there' eXWg'at
opportutti,tyforthe university:to-pia), -anal9r role, in the clevelopmentof
materials science.' it -is, regrettable that the university has decided to
-apply its energies and resources elsewhere.

Before Leaving Waterloo we must also comment upon the activities in
e =xtractive .metallurgy in theDepartment_of Chemical Engineeripg.xtractive
and- Process MetalluteSliSted-aS:one Of seven areAS-:OfresearCh.:IP the.
department. There are five faculty members working in.the area and two
others Who have a secondary interest. TWO of the faculty Member§ were trained
as metallurgists, the others received their graduate degrees in chemical.

engineering. About.fifteen graduate students in Chemical Engineering are
.doing research in extractive or process metallurgy and an extensive array
Of.graduate courses in the area Is provided for these and other students,
There is also an undergraduate 'option' in extractive metallurgy within
the --Thus4-the total graduate registration
in extractive metallurgy is.larger.than that in.any other university in
the Province. We see no disadvantages in having the group within Chemical
Engineering provided they have effective interactions with metallurgists
in other departments. In fact, there are some clear benefits to be gained
by combining the skills and ideas of the metallurgist and the chemical
engineer.

The faculty members teaching extractive and process metallurgy In the
Chemical Engineering Department emphasized that they thought of themselves
as chemical engineers and of the graduates of the 'option' as chemical
tqlgineers with special knowledge in extractive metallurgy. The faculty
members stated that they were not 'accepted' by the professional,eommunity
f oxtractive metallurgists in Canada and that, for example, they had not

been able and new. did not to publish their papers in Canadian metallurgical

lournals. However, the graduates, both at the BSc and Phi) lev.1, of their
programmes appear to find no difficulty in finding employment in the mineral
and metallurgical industries where, undoubtedly, they constitute nn important
contribution to-the engineering and seientific.staffs of these industries.
Clearly, the industry recognises the value of the 'option' even if the
'profession' does not.' in-our view the graduate.programme in extractive and
process mitallurgy within the Department of Chemical Engineering is A good

programme whieh should nntine to receive strong support from the university.



University,of:Westernpntario

The engineering school at the ?flivorsily.9f Western Ontario, described

as the Faculty .of Engineering Science, is small. AlthPugh,it contains

only about 10 faculty members, organizationally It Is divided into 'groups

which reflect the .divisions within the-engineering orofession. one of,

these small grOups is the materials science group. .There, are faur associate
professors,--,One. of :.whom I S the .chatrilan,, and one full professor in the _

group. They offer a ittlaterials Science, option". in the undergraduate programme
Lin..Engineering Sc.ience with courses in the third and fourth year.as well as
more general, courses In materials designed for undergraduate engineering
students. About 6 or 8 Students graduate from. the materials science 'oPtien

each year. In addition there is a-materials science programme at-..:the

graduate level In which there are currently enrolled 6 MESc and 4 PhD

candidates. All the masterrs candidates wilt take the degree by thesis _-

and most will continue to the. PhD. 'There is Provision-for students to take
the Mr8o bY.course-work alone but ,na.studerts in Materials. science'have elected

this programme. The group is well housed.in a pleasant building and is voll
equipped for undergraduate and graduate teaching.

Research at the University of Western Ontario i.s organized in centres
that interweave internally and with local Industry and the medical world.

Most formal PethaPs is the Centre for Interdisciplinary Studies In Chemical

Physics supported by an NRC Negotiated Development Grant. This centre Is

located in the physics bulding and is hoa,led by the Chairman of the Physics

Department. At present, the twO major fields, of, interest are energy
deposition studies for therapeutic uses and thin films. At least two members.

of the materials science group are active members of the. Centre. ether,

perhaps less formally organized, research groups are thoseinGjotechnical
Engineering and in Applied Electrostatics. Members of the materials science'

group contribute to both of these. However, at the present time only two

members of the group are actively engaged in research. One of the others

is on sabbaticalleave. The two associate professors who are active are

carrying out productive and imaginative work. Not surprisingly, they are the

two members of the group who interact most strongly with, and make significant

eentributions to, the work of the research centres for chemical physics,

geotechnical engineering and applied electrostatics. Five graduate students

participate in cooperative programmes with i ndust ry.

A student is required to Lakes four half-courses for the MESt. by thesis.

for the Phi). twelve half-courses are required, including courses taken at

the naster's love]. Six of the twelve courses have to he courses offered

b., the group of faculty members in materials seivnve. Twelve such courses

arc Listvd in the Calendar for i90-74. Of these, six courges are d'svoted

to experimental techniques, "Spectroscopy, X -ray Techniques and Advanced

LNP,Timental Techniques" And (-cwtr tonios vhii.11 usually are taught in

laboratory course or in courses offcred by engineering physics departments.

They are certainly useful courses for a student in materials se lcnrc but

together they make up only a small part of the core of materials science.

one of the six remaining courses is entitiod "The History.ot Materials

Fwiuneo." The other five area courses which, nor surprisingly, reflect the



sneeial'iotereets of- the,facultyl They will give the student a useful
insight into Certain aspects of materials science but the range of suhiects.
conSidered atsufficiot:denth tO-Yalithe student to select -halnced
programme' in materiale, sc ienee is farfrowadequate. ThefaCulty'members
expressed the view that -the six courses taken outside the group. :fill SOW

of the.gOlur'-W.c041d,fln4 no evidence of 0,existPrIcP i1-physics or
kihymirry Of a 'significant POMborW'coutSOS:Whiell'swOuld be: an: important .

contribution,to.theeorcof materials science, programme. The situation
with regard-te- the coursys'offered:by the faculty members in the materials
science groUp is worse than represented by the Calendar because., dueto the
small:numberof students, mariy of the:cOn.rsesTare offeredAnfrequently.
The-erOUp:triesit6 offer eight half=CourSes at'the.gradUate level per-Year
and aims-io..have at least five:students:imeach.course by attracting
student' t'rem other groups. Too frequeotly.it fails _to achieve even this
modest programme.. The failure is not due to any lack of effort- in the
graduate programme.' They are :good engineers and scientists who,. unfortunately,
find themselves cairving,r1 large proeramme for a group which is subcritical
in. size.

Theexistenee of a graduate programme in materials N.:ente Is not
evident froth:an examination o the calenda.. There, all a graduate faculty
members.in-Eogineering Sefenee'are-listed.-alphabetically-ae thecourSes",
are listed in numerical order. Some members of the admintation 'of the
faCulty of Engineering Science with whom se spoke. emphasized that .the only
Phi) programmeip.the Faculty is.a programme in Engineeri science. They
added that the active faculty members in the materialS science group make
an important contribution to teaching in-the.larger programme The course
in "Advanced Experimental Techniques ", for example, Is valuable to students
With interests ranging over many different areas of Engineering Science.
Further, these faculty members make important contributions to the research
work in the Faculty and the University, particularly in geotechnfeal
engineering, applied eleetrostaties andchemical physics. Their efforts
should he supported to enable them to continue to make effective contributions
to, the programme in Engineering Science. Graduate students working with them
should be encouraged to take a combination of courses which would give
them a more general education in Engineering Science. The restriction that
requires their students to select six half-courses from those offered by
faculty in the materials science group should be removed.

We recommend that the graduate effort_ be directed towards the

deei,,pment of strong interdisciplinary context rather than an exclusively

materials sciicnre tirogramme.

Pni...r:;itv of Windsor

There is a Department of Crwincring Materials but the PhD-programme-
in lwinerin materials has been absorbed by the new divisional programme.
The Faculty of neinering is small with less than LO full-time staff members

iDout 7!) ;;raduati stildnt,; of whom 30 are 'candidates for the Phi) degree.



The staff .of: the .Department of tngineering Materialsconsts of -three
fnll'professars.-(0P0..Of-whoP.is:Pnjeavo from the Universify), .one-
full,time,associate, one part-time ,associate an'ciane. aPststant Pr°1vss()"
Their:researph interests,,which are 4nterrelated to a suhstaptial:degteo,
inclUde"metalworking processes, kipettes of phasetransfomations in
alloys,:strengthentng=ioCbani4Ms_inand:fatigue of metals and Alloys
and Creep of some ceramic materials.. The work is well supported financially
by NRC and DiWand Most of the.projects are out with the eollaboration,

and in same.caSes,,the financial support ,of localincluding-betroitY
induStrY.: Sich.of the reSeareh.has.astrong.engineering flaVour and
interact6ns.:between.the,faculty'members in._ .Engineering _Materials and

in other engineering departments 'are frequent'and effective. Three metribrs

of the Department are very productive, judged by theirCurrent rate of
output of papers in refereed journals..,

The graduate programme ip engineering recently:has been organizers.,,
into three.divisions;:.EngineeringfOceSsDesign, Sfrnetilre, and Systems.

F.ach divisionaffersabont 20 courses from which the,stUdent.Can :select.

_a Programme-viththe'adVice' of his doctoral comMittee-.. FaCultylMembersH

in the Department of EngineeringMaterialscontribute.to one joint. course in
the EnginPring.Process Design Division, andlivecourses(includingope_
Of the care .courses)-in the Structures Division. This arrangement of
the graduate work has-not been in existence long enough to allow a judgement

Of_ Its effectiveness to be made. . In this first year.the faculty,members_
seem to be having more difficulty with it than the students. Some of the

:older staff. find it difficult to divide their loyalties between the Department
and the graduate division but these problems are likely to disappear when

confidence in the. effectiveness of the divisions Is established. The

.
graduate students see the divisions as a means of providing a focus for

their studies and welcome the opportunity to he involved with a broad

,spectrum of en neering research.

In our view the divisional programmes have been put together in a

logical fashion... Each division provides a good coverage of. a. coherent area

of engineering and the teaching and research of the faculty members in

Engineering Materials should make an excellent contribution to the work

of the Structures Division.

We recommend that the efforts of the facult members of the

_.-2.....Deartintlhaterials'a"ElteEALFork")
that of the nlisions of etrnetnres and of rnginvertnB Process 1)esign

;ihauld ht envour*d and stipPortedjininCiiiii;i.



interUntversit Coo erationin:the Province of:Ontario

)0'*x0-14110*.h.giP for Avici40.cotairePa ex 4t.0
registered:at :a

offered. at another UniVersityfwithinthe PrOVince. The arrangement
reeuiresthe-concuirence:of the graduate faculties:of_beth universities
and the payment of inter - university course transfer :fee.- Similar
facilities for ccawsetransfer are available,,in theProyince:ofilluebec..
Such'an:arrangementeenii,tOUStObeaAeSirabWoherind:COUld giber

-P;141,114rtY._)?erlef.1,044:to*UdePsn.,4eight)940-0g :1w
potential for the pooling Of.seme specialties,. for example ire the
T9TO4P-MCN44PerWacetloo triangletisone. that isapparent,and eonsideratien_
shogl&t.e7giVen to making greater,use-..ofthe-existing.machinery ter :these
transfers: ExamplesertexistIng_specialties_which could-be Ippeledbetween
universities :are; .pen7terrons. extraction metallurgy. at. oronto ferrous
extraction m4t41.1.14110_at Mellastert.:courseeevith a :Materials. Engineering
flavour at.Toronto and Waterloo, and courses with a Materials Science
orientatideat *Master. Thetomplementary nature-of the offerings presently
.available is.striking.and it seems to.us.that graduate.programmes.of
higher quality could be assembled at the individual universities if 'More
usz were to be made of the unique and specialized courses now taught at
various universities within the Ontario network.

In addition to course transfer, it..appears to us. that much would be _ .

gained if a TV talk-back network were to be made available to the universities
that We visited. In such an event, travel between campuses would be
-eliminated, (an advantage in February!) and students in the universities
beyond the Toronto-Hamilton corridor would also be able to participate.

The expense 'involved in setting up some of.. the newer experimental
facilities in the materials area raises the possibility of shared or joint
centres and laboratories. An example of .such an instrument is theprojected
scanning - transmission electron microscope, which maeld.appear to .be a good
candidate for Inter -- university support. Once again, the Toronto-McMaster-
Waterloo triangle comes to mind. However, as an alternative to locating
the facility at one of the three universities, some attention should be
given to the use of the research 'campus' at Sheridan Park, which is so
centrally located.

We recommend that more attention he given to inter-university

rooneririon in thP metallnrm, and materiale field in Ontario: Such

cOqehoration could take the form of coordinated course transfer at the

graduate level, of the use of a TV talk-back network for Graduate

Instruction and seminars and of the shared construction and operation

of expensive* research facilities.
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but are available at the offices of COU.



-APPENnTX 1

Terms of Referenee.of Consultant's

cInsider the two spt!ci.71I documents related to the eoordination.of the assess-
,.

mentS in _Engineering; viz. Engineering Ph.D. Planning and Assessment Procedure,
Statement on M.P. Sintliea-in,Euineering Studioa in Ontario', and tho material

by.the 1.renp andth.2 univeroities and ol'tAitn 001.-1:.*Itz 0:0Y

i; require, to carry' out. the: tasi:s. detailed bolow. They shall be provided vith

copi.4.,s of "Ring of.Iron", the COU btattment thereon, and the CORE, OftS and

APKO response,...a. They i'v obtain data and view; Iron any. relevant source; lInch

as, for eximple, employors of holders of -graduzlte degr-ecs-,professional and

Ivars:N1 socloties, federal agencies. ear:pus of each interested univerAty

shall be visited by at least tvo consnitanta. Consultants shall arraulle tlwic -

Eehedele of visits to.th universities in consultation with /.CAP to vnsnro

uniformity. Reports of appraisal consultants are privileged document:1 au are

not to be mule available to ACAP consultants. Consultaatf.; shall meet with-the

discipline group near tholtwginninz; of the Stork, durinl the work ng thy considvr

aed inT:edLit0 before pre.p.tring final report.

"lt;.:,:ort on the atlociu.nwof Of dCli"...tOral. work in "metallurgical

enr,intoring" in the pravince in g,:neral and bat et1L11 tilliVeCf;ity Whtrtt appi ic.11%14!
01%;

A. cpver.q:.0 of fields and specialties, and extent of activity in ach

D. fac.ulty quality and quantity

nature of pro;,r.t offered

dIstrihutinn nn angst univer:!ities and division::

student
.

e. quality of student body; admission requircmimis

1. relationship to rlatcd disciplines and to the profession

g. physical facilities

h. otl,r 1%.1tter.1 co:::: idered by the c,ant,ultnnt!; to be significant.

tl!r! nt or doctornl 1;:irk iu fit:ld:1 of

this ;4:.:fic.1;smentin Ontario J973 .kind 1978, ta%ing, Into consideration

such pin.,1:4. .1s :1Py he dcwlnpvd by th,. Disipliup Group, noJ, without
y...noality of t.1.! forogoin, with the foIlf.wiug poiutn:

a. risfrable doctoral prr,7:rnr7c?:;-to 1,n offerc,t1 in tltr' province, conaidering

both pos:ilbL, lin!itatifdrv,: or reducti,n!-; of progr;:mm rind

cruatien of 1,rw,ra=mus and r._w kind.: of prol:,r;ir:-..0,=; including

the np111-6?riatns o: part-tim2 pro!7amNLs. In particulnr, consider
if th,_.re ;.j!iould :.Jr_ activity iu er.A:

few ;:riduate,4 in (:ntario an.! lno the dv:iirnhility of devolopinil further
applicatien-ori-Nted and iut_er-fiLiciplinnry work inn:; indwitrinl involvent.



b. DeliirableOroyincial :enrolMentstyear,by year!, in 06 'clattor0. study
In'Metali4rgical'enginearing and:In'the-majer,sUbjeet-divisioni where

o2proi!.144t. 1)1hould emziide.r.tbe.need.fortighlv:trained manpower.
410 culturatHand:so.Oet.aI faCtors whiCh.,nnyjead'S;ndents

to pure doctoral work in .engineering.. In considering ranpower needs,
env 1:thould.tal:e.Account of the .7martet graduates_ (at

zindf:0(.: other:''So4rEeS of :supply- frif that

of forec!asts-of..high level manpower emOloyment7should.be treated
witii-oue caution anu only in a eleariyoalanced.relationship with
cultural and Societal:noeda,

c. Distribution amongst the universities of responsibility for programmes
and for specialties vhere nppropriate, including consideration of the
need for any increat,e or decrease in the number of departments offering
doctoral work an4 including consideration of areas of collaboration
and sharing of fftel/ities at regional lovel and across the province.
Consider toehniques for involvement in doctoral supervision Of
professors in chspartmonts which do not take doctoral students in
their fields, and the extent to which such activity is desirable.

d. Distribution of enrolment amongst the universities, showing desirable

ranvs of enrolment.

In nll it is important that Oa_ ra"ionale for the recommend4tions
be clear; this is especially important for items c. and d.

Tt is permissible for consultants to recommend appraisals of individual

progr.:;. This twuld arise if consultants were to suspect that a
,progra.7Jje. vould be.found to be wholly or in part below minimum acceptable

staE3::rds; and appraisal by the Appraisals Committee is the means of

settlin t(' question. It is recoftni:ved that this aetion would he
inficqecut.. In.carryin8 out pioAning assessments
fir a :rt: disciplines, consultants find there to be an exross or deficiencv

raf proi; a:n71..!s in a given arca of study, where all of the existing programmes

could ;to almrai!;a1, they Mr0r. suSiect to their own judgments of relative
and of other factors (a task outside the terms of reference of the

Apiyr,66111.. Committee), recommend w:lere enrolr-mt should he changed In

atxord,n with Ow poqsibilitios indicated in section C3 (c).
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Metallurgical and_Mdterials Engiheering

in the

Province of Ontario-

INTRODUCTION

This report has been prepared by the Metallurgical

Engineering Discipline Group; which includes the Heads of

Metallurgical and Materials Engineering Departments in the

Province of Ontario, viz., McMaster, Toronto, Queen's,

Western, and Windsor. Its central function is to provide

the Consultants to ACAP for Metallurgical Engineering planning

with the Discipline Group's collective Views regarding the

:plans for doctoral programs in Metallurgical and Materials

Engineering in the Province of Ontario. The presentation of

this report complies with section 3 of the "Engineering Ph.p.

Planning and Assessment Procedures" document as drafted by

the Coordinating Task Force, which stipulates that each

Discipline Group prepare "...a report on Ph.D. activities and

plans in their discipline area, noting both apparent conflicts

and gaps it both areas of specialization and enrolme



SUMMARY OF INSTITUTIONAL STATEMENTS

A- surmiary of the institutional plans

programs now in

taken in

given below. The: major_..resear,.:h

progress-, at each institutic::d are cateorized

under the three principal sub-disciplines: Extractive'

Me:tallurgy -Physical Metalluigy-, and Materials-
.

Rese,arch. The nawbers of full tine equivalent M.A.Sc.'s,

Ph.D. and P.D.F.'s or R.A,'s (Research Assistants) are

also listed opposite each research program to give Some

Indication of its relative importance in the Department.

In genei'Al, the 5 year plang as reported by the VatioUS

tut ions tend to project the research now in progrIss,

and are based on the assumption that the current financial

-,:onAtraints will not be substantially alleviated.



Extractive .Chemical) Metallurgy

Pyrometallurgy
1ftydrometallurgy'
Oxidation.and Corrosion
Mineral Processing

. -

Physical Metallurgy

Phase Transformations
Solidification
-nechanical Properties
Alloy Development

6

31/2

1.

MM.

Aechanical Processing
Diffusion
Ponder Metallurgy
Metal Joining
Liquid Metals

-

Materials Research

I
41.11,

OIN

411111

4

.1

4111.

2

1

11/2

OEN

21/2

0111D

Pcaymers
Ceramics and Glass
metal Physics
Composites
Electronic Materials
Biomedical Materials

TOTAL5 15 19
mlow
0111111...1.

.1111.



QUCEN S INIVERSITY

y meta r
y r on u

Corrosion & Qxidation

Motdliurqy

M.N.S Ph.D. P.D.,F. and

!P. der

....10100.1.0

Phasp Transformation in the Solid
.State

*1,:7hiniCal.PrOpettieS
De,.olopmnt

'17-ha'nical Processing
1?.11.5ion.

netallurgy
Joining

.h

:11-! Research

Polync-rs
Ceramics .*nd Glass
Thn!posites'..

Physics
1.10.7tronic Matorials

Materials

71771:--7

IT

*IF

ma&

1

Mee

.11.11w owi

7

MR,
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UNIVERSITY OF TORONTO

M.A Sc-. P.D.F. and.
R.A.Paqs2s1jo.L_fanal.2211LlfILIAEtz

Pyrometarlurgy
fllectrometallurgy
Hydrometallurgy
Corrosion
Mineral Processing
Process Metallurgy

Physical Metallurgy

Phase Transformations
Solidification
Mechanical Properties
Alloy Development
Mechanical Processing
Diffusion
Powder Metallurgy
Welding
Liquid Metals

. Materials Research

Ceramics and Glass
Polymers
Composites
Electronic Materials
Biomedical Materials

TOTALS

.4 4

4
1

1

Aer

2

1

2
1

2

1

AO*

IMO

mmenemem.

2

2

2

1

Mel

IMO

Me

23 14

MED

2

IMMMOIMMI

12
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k::.;.i.Vi:RS.ITY OF: WESTERN ..ONTARIO .

M 1 It ion and. Corrosion .(including.
Coatng's)

1 11-0-col;sine7Iwith
i;lectrostatAcs Croup by

c Pr4k.2s ses),

'A 1: t.i 1 I urtiv

Trapstorp3tions
k,..7,Inica1 Properties

a`.

M.A.Sc. Ph.D. P.D.F. and

=01111110M

Materi,11s {Electric. .ancl..

11::notic. Propertie?; of Th' ;Films)

1/3

1 2 tf

0 1 0
0 1!3

5 3 /



UNIVERSITY OF WINDSOR

Physical Metallurgy

Mechanical Processing ('Thermo-
mechanical. Processing-of
Non-Ferrous Alloys)

Mechanical Properties (Deformation
Processes and Fracture in
Solids)

Solidification (Nucleation, Crystal-
Growth and Segregation M6chanisme).

--Diffusion

Materials Research

Ceramics
Biomedical Materials (Dental Alloys)
Electronic Materials (Electrical and

Magnetic Properties of Thin
Films)

ToTALS

A.Sc; -Ph. and
R.A.

^

ma.

1



COMMENTARY ON PLANS

R 'rojections:

Zs previously indicated, the statements as outlined by

the various institutions and summarized in this report are

essentially projections of-present research-programs. These

programs arc funded principally by one of two sources:

government bodies (NRC, DRB, AECI, etc.) , and industry. In the

case of governTent funded projects continued _financial _support

is dependent on the favourable recommendations of a speCial

committee which looks into the significance and revelance of

the research and the competence of the grantee in question, as

determined primarily by performance records. In the case of

industry funded research, the support is based almost wholly on

the relevance of the research to a particular industrial

problem or goal, as well, as the demonstrated ability of the

qrantt.! to direct or perform the research. Thus, it is fair to

say that the research programs now in progress, along with the

Correspondinc student enrolments, are not characterized by

ov,,romphasis or redundancy in any particular area of

specialization. Overemphasi:1 or redundancy could creep into

certain broadly designated areas of government funded

.
resar,:i; however, even here this possibility is remote

becaUse of the screening processes to which all applications'

for research qr.pnts are subjected. In the absence of any

i ilnrea on manpower and iesource allocations, as



well as other economic factors, thelletallurgical Engineering

Discipline Group is not prepared to make any categorical

statements regarding gaps in areas of specialization, although

individualimembers of the Group may have personal views on the

matter based on their limited experiences.

Projected Student Enrolment:

With regard to the projected student enrolment in the

doctoral-programs, the Metallurgical Engineering Discipline

Group takes the position that the desirable number of Ph.D.

students within the Ontario System is predicated on two

plausible factors. One is the number of Canadian students

who want, i.e., have the intellectual need for, this

Gducation. At present, and in the foreseeable future, it is

unlikely that Canadian student demand will produce a.

sufficient number of Ph.D. students to accommodate the second

factor: the number of graduating Ph.D. students required by

our.society. In the past, this need was mainly for university

teachers and for research in the more sophisticated technologies

Or some of the government research laboratories. At present and

for the next fiv years, the main need will be in industry,

14,,hich is now recognizing the increasingly rapid change in

technology. Either foreign students must be brought into our

h.D. programs or industry must hire foreign Ph.D. graduates.

it is recommended that the present number of Ph.D. students

enrolled in the system (approximately 50 - see totals in



Institutional t;tatements) lte_ maintained over the next

thre -tiara; for suppl to meet inticipated demand,' and that

have to be increased in subsequent years

dependlng on the job situation; especially For Sttidents. with

this.figure may

a non-western background. _At.this_time the group feelst

oss.t.nt i} 1 tv -put an record its collective experience that

4radUates_with- a non- western baCkgroUnd'areconsiderabl

more di fficult to place in industry.

Educational Goals, and Style:

-The educational goals of each institution are, in-

oeneral, similar and only vary slightly in their wording.

Th princip(il goal is to develop the stUdent'S potential for

definiP0 and solving complex engineering problems, which .more

and more require intcrdisciplinary approaches. The styles

in which the stated goals are to be attained vary of necessity

..f,rorl institution to institution, because of the different

structures of the respective faculties and varied background

'and interests of the faculty.

SUMMARY

The prolocted research plans and student enrolments in

pro;rams various; institutions, as

summarized in this report, should not be taken as irrevocable

CoMmittments to research only in those areas and at the

1. 1.. tlaialn.t anti- varit.:Li



experience of the faculty members permits considerable

flexibility in the choice of research projects, and changes

can and will be made should national or provincial priorities

so require .



Table showing the steady-state populations of graduate
students and post-doctowl scientist and engineers
expected in Ontario-between-1973 and -1g78 -classified
by the materials studied.

MASc

Data from Appendix

Phi)

2:1.

Post-Doctoral Fellows

Extractive (Chemical): 19.5 12
Metallurgy.

Metals-(other than
extractive met.)

:17 17- 14.3

Ceramics and Classes 4 1 5.5

Polymers 0 0 0

Electronic Materials.. 3 3.5 . 3

Composites 1 2 0.3

Biomedical Materials 0 0 1

TOTALS 48 43 3(-)
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APPENDIX 3

Table 2 Showing.nutbers.of PhDs On ,AEC. staff-
at August 1973 by :date a appOlOtOvnt

and bydate of imp degree

. By Year; of

Appointment
Total

-Year
Near:of-filD Degree
.Physfcal

'Total- and. Life Engineer's
Sciences

*13 1973
18 -72

29 -71

32 1970
.17 69

68
19 67
19 66
6 19.65

12 64
10 1-!3

8 62

4 1960
3 59

4 .58

4 57

4 56

4 1955-

5 54
53

34 Bofore 1953

* 7

* 7

20

25

21

25

21

17

12

17

y.

f)

*3 * 4
-* 3

4

15
10
6

4

5

3

4

4

6

11
19

17

9

13
5

6 0
7 7 0
3 3

1 1 0
4 3 1

5 3

5

2

2

3 2

8 7

4 3

4242

1

1
0

Total 271 271 181 90

Note the different patterns and' 1.n particular. the
relatively recent growth in number of Engineer PhDs.

Asterics indicate numbers still increasing significantly.



A
P
P
E
N
D
I
X
 
3

T
a
b
l
e
 
3

G
r
a
d
u
a
t
e
 
s
t
u
d
e
n
t
s
 
(
f
u
l
l
 
a
n
d
 
p
a
r
t
t
i
m
e
)
 
i
n
 
d
e
p
a
r
t
m
e
n
t
s
 
O
f
 
M
e
t
a
l
l
u
r
g
y
.
 
a
n
d
:
M
a
t
e
O
a
l
s
-

i
n
 
O
n
t
a
r
i
o
 
c
l
a
s
s
i
f
i
e
d
 
a
c
c
o
r
d
i
n
g
 
t
o
 
t
h
e
 
p
a
r
t
 
o
f
 
t
h
e
 
w
o
r
l
d
A
n
t
h
i
c
h
 
t
h
e
y

r
e
c
e
l
N
e
d
 
t
h
1
T

f
i
r
s
t
 
d
e
g
r
e
e
.

Y
c
3
r

T
o
t
a
l

C
a
n
a
d
i
a
nM
a
s
t
e
r
'
s

A
s
i
a
n

T
o
t
a
l
.

C
a
n
a
d
i
a
n

P
h
D
. :
%

.
A
s
i
a
p
.

6
8
.
1
1
1
9

5
5

2
7
.

4
9

1
5

7 2
7

5
5
'

2
8

.
5
1

1
0
.
.

1
8

6
9
/
7
a

5
4

1
7

3
1

1
7

3
1

5
3

2
9
:

.
5
5

1
1

2
1

7
0
/
7
1

4
9

1
2

2
5
-

2
1

4
3

4
9

/
2

4
5

1
1

2
2

7
1
/
7
2

4
3

1
3

3
0

1
6

3
7

4
3

1
4
,

3
3

1
.
3
0

7
2
/
7
3

4
6

2
2

4
8

9
20

.
4
4

1
I

:
2
5
.
:

1
4
:

3
2 "b



2

APPENDIX 4

MLIALIURGICAL
-DOCTORAL- PLANNING ASSESSMENT

toMit.ents .Syst,-)ms Otal

3 !.0nL91ins 60 f Or :-0.t ma4 tv f4 r al 1 yoars at Mc!lastr
and Toropo, since these nuMbers weo r only given by spePlalty and
in c 'cult; some- doUble- Count i 7-

rori;!4 ..ontainS n number.. pt ondrgaduatt t'ourses for Toronto 1)2' 1972-73.

3. YoT71 P,TtflY'nanct:IVi!5611P0i-t,.(116t /ho tot-zits

stlicints on Forms 3T and 7 for the following rvasOns.'

-WindSor: -1908-69, shows 12 F.T...-students on g3 '8 7 but.suppert.s'11:
1979-70 " 10 " u u It 11 It

.)111-q1M).

oronro: 191-)q-7P

1470-71
1971-7._

.

ft

35

32

11

tt

ft

tf tt fiL ft tt
tt 17 ft If ft tt

36

34

33

(column Is added incorrectly)
1972-73 s'lows 39 F.T. students on f13 & 7 ilut supports 42

7, 4 ,ind 01 40.uot agree as to. the number of dottoral de reef.)

awarded, cmpio,yment and rime to reach degrve for 197/-72 because Western's
submission is misring forms 9 and 10 for this year and nu,:-on's shows 4
Li,:ree,i awarded, 3 em, loved and 4 on the time to reath degree form.

II St1F of these errors or omis::,ions c.1n bk. i-ort-octv , please do so b,
1..tter hcforc Mav 16

ori4inal1t. showed 1 PhD 1:raated in 1973 -72. Dr. a...D. Brown

eerrektel it to no derees awarded. Therefore, the number of FT PhDs
41 11: 1'471-72, 7 , hi read 7 not

a ca. 1972



-61 IINIVERS1T?

ra171..Vr INS

ItocLmtest AiNs-t-*R Git4E-c-QS,

1:0410NT0, 'Ljes-ref**4.) cl"fa

tOsNittSeift,,

AssEs5;:lEIvr

POPII.Ai .1 ;;N : -19669 196 ') -70 . 1970-11.. 1971-7 1072-73
(est.)

*AC;;LTY
( )

'F.T.-

Uc
---

tg 1

P.T.

4FRS

:.
1)(

; i.s

F.. .4 i g 4-3 3 7

P.T. 6 44-

aacToRAL.
STUDZT3

F.T. z-4,-, 49.. 5 3`3 40
P.T.

1.4. .41..

ft711.!S S 3 471

As of December 1.

() .,11,tzolt proftor,. up. If a faculty membor svuds time in two

evunt hin once in elc12. fl ::Qt u!;(! a pPrcent.15;e. A part-timn fainilty

ra..:'a.. a i. vlati tht.niid of; f;ul, the: n.:Iv!rsity at Lim! of appointment. All faculty

count..4 ht,re appoar on Fc.rm 1. and CV's dre Included.

) This does not inclu4 make -up and qualifying year students-.

er: P'. 7.71 k 4 7,f.: VIA` 7( ok-)TO



,UN1YET3SITY ":

,

IIETALIZRGIdAL E,::GINIERING DOCTORAL: PLANNINC ASSESSMI:NT

LINDErtGrJ.1);:A11:

Granted in til.,
Special I or 1

,:o of C ran - in

Scieuee,
Engineerini; es

(1) Derees granted during th year Septevlber to August 31 of the year Indit:ated.

(2) As of Pec -,ber 1.

(3)- Thir, tL' tyrcy,inct of the mr;bor of courses taught: and the number of st mien! t.;
en ro therein.

A..neourf.c" i., a sepp.,str cour:;c 13 to 15 weeks, apprirdnately 40 to 50 hour::.
JA full !A2ou10. h counted two couri....s.)

r
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PRESS -1t-ELE-ASE-

For release: not before
4:00 p.m., Thursday,
December 14, 1972,

Employment of New Ph.D. Graduates

1971-72

There have been recent reports of current large scale unemployment of persons

.
. .

--holding Ph.D.-degrees,. as.well as forecasts.suggesting future employment

difficulties. These speculations are not substantiated by the actual experience

of recent doctoral graduates.

1969, .t. he Ontario Council on. Craduate. Studies collected information about the

4IrSt employment of alL these who obtained Ph.D.'s in Ontario in the preceding

five years. This information has been obtained each year since for each new

41t.D. yc:ir ,.1k1 thi. ye.,r was extended to cover all of Canada.

Tab1t-7 (attachod) the facts for the 1971-72 academic year and compare thtm

With .'(q which .71--; a period in most new Ph.D.'s had a chkdce

of .f:cveral attractive job of The followill? !,ummarizb the main points

brou4!.t. 0.!t in the,se tables.

In mo5t universities the, information was collected when the student handed in

rlic:;1. to th;1 gradu.lt: :.chool. At that time, ;iic:ty-six 00 percent of the

Ph.D.'s had Jobs. Of the remaining four percent (shown ag pnemployed" in the

1;ome will since have obtoind vmploymvnt, some wvrc.not actively Necking

,empl(qt:-:it, aad ::ome are no doubt unemployed. This is essentially no change from



A-78-

last. year. In 1970-71 there were 1446 PhD. graduates In Canada of whom 72 did

not have jobs k:hen the thesis was turned in; for 1971-72 the corresponding figures

are 14:46-::ind- 53.

The une:s.ploymehr rate of new Ph.D.'m is, therefofe, less than four percent. Of

course, this Is much higher than the rate for the whole stock of Ph.D.'s in the

pc7u18;tieni and the-four percent figure-should not he compared with the six

pereellt. ral U!1'....IPlor4-n( rate in Canada, but rather with the twelve percent

.1.:t.-ore in a period of general employment difficulties. It is evident that in

th,..doctoral employment picture is good. -Even-IL it were not,

e to reduce new enrol:lnt on the basis of the present business

clirattp.sin.7e tho!:e now entering Ph.D. studien will not emerge for five years.

..111Hy .,.. are not to plan five years ahead on the assumption of continued business

;v.

john these nto, Ph.D.'s t!Lta. In

,t'at:.rn Ilan shifted c I lv :).°1 the boom years of the late

t :

the VAqt ..ijority are &dug worthwhile thins appropr I

in tiv-ir e,111,'..tion by thelves and by the community.

71:-tch1. shifts are a decreat:e in univen;ity teaching and in industrial

emplont.- In 1964-69, forty-eight percent had university teaching posts as their

..-1r.,y;...nt; TA:; year the figure wan thirty eii;ht percent. Industrial

of Ph.D.'s has never been as important a factor as one might hope. In

the fAxtioq it accounted for thirteen vrceat of the graduates; last year this

-n07.-.be,' fell to :line percent. Also stable, is the fraction obtaining postdoctoral



...

research fellowships. These postdoctoral research years are a normal part of

the career pattern for those preparing for careers in university or government

science One quarter of the new Ph.D.'s are still following this route just as

. .

they did in the 60's. An interesting change is that whereas two-thirds of these.

fellowships were -held outside Canada in thee60-'s, this yeat two-thirds were in:

Canada. In part, this tendency reflects the growing reputation of some departments

in international science,'

The drop in university teaching an industrial eMployment is'ir..ade up r.-.1y

by increases in the percentages enraged in a variety of occupations shown as.,

'"Other", as well as by the increase in "Unemployment". The "Other" category

includes employment in-buSineSS and finance, self-employment,-consulting firms,-

high .school teaching, school administration, aud, no doubt, a variety of other jobs.

There are interesting figures eoncernirg the geographical location of the new

-M.D.'s and how this varies with immigration status. Data is not available under

-this ho_dia.,-, ;or all of Canada, but the Ontario figures. ,Irk thought to 'ho typical.

Of tht. Canadian eitizeq41:, S57, ,r in Canada, as are &57 of thosP "th

landed 1: mii:rant statuL;. In central.t, 69 c those on ctodont visas are locltid

outside Culda. Co:Jr-iry to what have suggested, th3:; shuws a significJat

differenct, aen tho.t7e with landed laimipyant statun and tllose on student v

,

Not landed i:...tirrants intend to rer.;ain here, lad the data ,..ihow a high retention
/-

rate in Canada of potentially valuable citizens.

It is also avisarent that the trainiu In Ca:lada of those or student visas is a

contribution to our international role, for of the 6')Z who left. Canada on

graduation, 707. returned to their home countries. An equal number remained in



Canada, and very few went elsewhere. Thus, one of two things is happening to

tho-e, here as fort ign !;tudents. Either Cnada is retaining the services of the

people trained here or-they are returned to their homeland. If they *re from a*.

dr...elopfn-g count N this represents-ail-impO tant contribution to world progress.

41. they are from an'industrially. developed, area, they. represent apart f theis

e In international scholarship. The total number of those on student

eleven percent If those graduating. Thisis.an adequate but minimal

1 ,ountry like Canada on the interAtion t university

1tInay he noted tAt in 1970-71 the total number of Ph.D. degrees awarded

in .(71:1.: to:perstn.S.Of all nationalities was- about 1400;.in thelisealyear"1971,.

In riniteI States universities alone, 528 Canadians received Ph.D.'s and fifty -five
.

the returned immediately to Canada.

L';;

.y 1:0 further shifts in doctoral employment areas over the next year or

7.1.; It a lorp,,r ntmber of people working, in less traditional fields.

de!;irable, but we also consithr that there are unlikely to be

!:,.loy7,tnt. The ,7raduate school enrolments have

,!eed, in nolw ::! .tt that

:tro ..ow entering to provide the needs of society five years

-30-
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MF11111W LAND MATERWS. ENCilsERINt; P SCiPLINTE GROUP

Onthe

RI:FORT OF Tn. ACAP CON .6. __":ANTS

he' fo3 lowing is a_cpmmentary.on the apparentphilesophy-Or:criteria
used hv the consultants in-making their.recommendatious contained in the
reperand_serves as the 0.sciplineCroepls expositien:ef.its own"
philosophy or' criteria on which the comments, criticisms, and recommendations
in this statement'ar based:.

6. Interpretation of "Metallurgical Engineering"

In the report metallurgical engineering is subdivided into three
principal parts: extractive (chemical) metallurgy, materials science, and
materials engineering. The differentiation of the latter two may be
regarded as discipline-orientated, and this leads, in the opinion of the
Discipline Group, to undue emphasis in the report on broadness at the
0;:pcns of depth in PhD programmes. Thud the report recommends that the
student should have some ekpoSure, mostly through formal courses, to-all-the
'different fields of materials, as well as obtaining a. goed background in
applied physics and applied chemistry. It is the consensus of the Discipline
Group that the opportunities for this type of PhD graduate in Canada are
limited. The present state of industrial development in Canada is still
lArgolv directed to material q produeing rather than materials using, and the
need is largely for graduates with a more specialized or career-orientated
education, e.g. extractive.metallurgy, physical metallurgy, ceramics,
polymers, etc. The more broadly, educated materials engineer or materials
scientist, as envisaged in the report, may find more need for his services
in tilt. materials using industries; however, even here a considerable degree

f. .4peuidlization will be needed.

It is the point-of-view of the Discipline Group that a good materials
engineeLiug programme must have some materials science, and the reverse is
i1,0 desireable. Moreover, there is a wide range of subject matter and
resArl, which cannot be classed as either science or engineering, and thus
the differentiation between the two as developed in the report can oely he
u,:ed in a most gener.11 way. It is impracticable to attempt any strict
lassifiation of a specific research project or course according to the

s, ience or engineering content.

ihe Supply and Demand for Manpower

The report makes a clear and well nt:bstantiated refutation of future
111:' manpower supply and demand as projected in the Ring of Iron and the



4.mdiao Fog i oyoTlog M.topower . I It reeommends that the

di. in shovu rts shoU1,1'17e loAst

th. in4ust-- it.js 3 strong 1-,:iudiqe.

11.1,:iin of Asian ori);lh, :,:eommends

.::orts tc test-nit-PhD stueents from -Cinadian undergraduate

e reportrecommensubstantiillly
!e.isiee pav;:out to student `3.' ileed on. the 1/4-olleetive

.

exprivace , the Discipline. Gra-up:611:1y .ierees -with-the

rteert's anal.:i of !uliJri, manpower requirements in metallurgy and
materials, and has.alreao. stated its simiiar experience regarding the
;.Likomoht-of gradeates-with a non-western background in industry
(..ce Discipline Group's 1,eport .on Doeteral.Studies in-Metallurgical and
X.rteriais -Elleineerink). The Discipline group Strongly -endorses the
recommendation that the. ettorts to recruit Canadian.students be
intensified, and that payment to graduate Students be substantially

rhe report's recommendation for.increasing the total PhD student
pophlat.ion is metallurgy and materials is qualified by the statement that
"most of the necessary substantial increase in the output of PhD's should
-be from departments with comprehensive programmes in materials engineering
or. materials science or both ". While it is to be expected that most of the
increase will come. from the larger departments with their correspondingly
larger student populations,. the Discipline Group recommends that the
smaller departments with established PhD programmes continue to make their

:-.-proprtionate contribution to the total output of PhD's. This recommendation
is made in explicit recognition of the unique and significant role of the
smaller school-in graduate. education- and Canada, a- fact..-that
hes been largely ignored in the report.

(i) the Quality of the Educational Experience

The report compares the American system with .the British system for
v.raduate edwtat ion and comes out clearly in support 'of the former. In the
American system considerable emphasis is placed on formal eburses, while
in the British system the graduate programme is centered around -the thesis.
It is argued that a good PhD programme requires a broad range of formal
cenrses, whleh can be adequately provided only in large departments, and
man,' of the recommendations in the report clearly reflect this philosophy.
;ienificantiv, however, the resort does admit that "no obvious correlation

hetween the performances and achievements of PhD graduates and the
systen in whioh they were edueareaq.

_eat

At is the consensus of the Discipline Group that the Canadian system
4 eraduate edocatiene which fails somewhere .between the American and

systems, trilkes a better balance between course load and thesis
rdehasis. flat- a:aleidian PhD programme is more specialized and career-oriented,



and so requir,
ei-1:entated

the .1 ily.0 j t.s e

ostrative

s fower--form, :-r-es when eenpared-to the More discipline
itT therepc71.7 These-can for

adequately :..y.ided in $MAIJIT departments,. particularly

allUrgIth'rhemiCal'.engiteerIng)::

irse to the question.. of:. the effect of a, Plap

p37o1;rmme on rectOtm'entfOf stafftO:feaCh-unklergraduate'prPgrammeS_And
admit*,:'"qh.ft:postprofessors_with a strong interest in research Are
uufildy:.10-e content to wor.in,a:prgdominantly kinciergraduateewvironment.-

the:view .of the'jiiscipline:Pronp phar-failureH;p:recruitandretain,

..:00d proportion of faculty members withstrong researclvinterests will
Ultimately.have a negative effect on the undergraduate programme-for it
1S. through-the,correCt coMbnaiiOn oCreaChing, research,:and"prOfeSsiOnat
talnt that vigprand progress will be best assured..:Finallythe .

assessment and planning of graduate programmes,cannot.be entirely:rational
or2.realistle if done- in isolation. to-existing undergraduate programme's and

pri.orities. In this regard it is questionable, if the proscribed terms of

referonce for the assessment, i.e. limitation to doctoral programmes only,.

have :net predetermined the conclusions,. and that the repoWs-recommendations
have been substantially different if the terms of reference had allowed

a_hronder and more integrated perspective.

i:L(.OAMENDATIONS

report gives three general recommendations relating to doctoral

programmes in the province of Ontario, and two recommendations relating
to -,npplv 4nd demand of PhD's. Taking cognizance of the agreed need for
increa:,Ing the PhD output in metallurgy and materials, and that this

infreaqo in output should be effected by all departments with established

Phil programmoq in Ontario participating, the Discipline Group recommends

iltcritq; or qualifying the report's general recommendations on page A-i

,n1,1 A-ii to read as fol lows:

Kelating to Doctoral Programmes in Ontario:

xistirw programmes in extractive (chemical) metallurgy be
strengthened, and at least one he maintained at a level of
ilit,rnational stature.

iiu existing programmes. in materials science be strengthened,

and At least one he maintained at a level of international stature.

( ::hcrvvvr programmes in metallurgical, ceramic, or polymer. engineering
0\ist they be combined and augmented to develop strong programmes In

et r i (1,4 ,9),:,1114-erinv,. It is not t:ss.mtial that the integrated
pro,:ra.:1:et, be under ti'e administrative control of one department.



(3h) 01, thv k'ffurtin niatvrials enOtle'r
r .111,1 . s be i n.rea,;ed.

t. . e I :1 ; 11*

e,' In I, I
I f.31 Cr in

ny, levoted lo

.1 nr: ktuf)artment or ;r. ii1'eI0.1)
i J jilt t'gr; I e ht.:

'441;:a I.CtiY,* ..c.:1 ills to :::lanpow 2.

1/4.1 13:a in .1974-7'4 or s in tint-a.rio
t s" .be:- al...Least ,104d.,le

VJVAll i3 cf the Canadian
,01.1.11.:i j3iv..1'!;i, Irgv-s for the total student
population he :1,116r;ied

) 111.(Irt. s ..re..rtli-t a larger troport ion of the- Phi) students from the
graduates .-of Canadian -undergraduate programmes.,should be continued
and intensi f Ied. The st ipand:; :paid to Canadian graduat,4 students
.ire inadequate. t attract a sufficient number and shenlii be .incre-aSed

s.t. ant i al I y.

a.commLND:vrioNs mivivt:AL U.;IVZRSiTIES

ihe ;iiseipline Group does not consider it necessary or appropriate
to t o',ment on the report ' s spec if ic recommendations for each Cniversit

be re-:-.ponses to the recommendations are given In each institution's
report , and insofar as they are vonsistent with the philosophy and general

recommendat ions of this report , they have the ful I endorsement of the
;;r.,up.

,-=
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UNIVERSITY COMMENTS

Comments appear f roraHCar I eton McMaster, Queen' s , Toronto, Waterloo

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

Discipline Group.}



CARLETON UNIVERSITY

RESPONSE TO FOW AC /U' ASSESSMENTS ON ENGINEERING

Iltroduction

Carletol takes thv view that groups of disciplines should be

evaluated before a clear picture 01 the situation within a single discipline

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

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

cont,ultantst 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 concern to Carleton, while a fifth report, not yet received, will deal

with Chemical Engineering, a discipline not represented at Carleton.

This response 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 has been studied.

Wo sense a good deal of unanimity on a number of fundamental

questions 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 in having the assessments carried

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

and perspective give authority and credibility to their studies and

reports. In general then we accept their findings and subscribe co their

recommondattons with only a few exceptions to be noted later.

In this response we shall deal first with those matters which we

helievv to be basic and general in nature and leave stntil the end our views

on :specific points raised in individual reports.



Matvers_of- a Fundamental ter.- :eneral Nature

C-(mt;lef Numbers:

The four rimort:, unanitous in-their opinion that Previous

et.timates of the acmand for engineers with doctoral degrees, notably those

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

setkonsly on the low side. They point cut that there is_no evidence _of

difficulty in obtaining jobs by students close to graduation, nor do they

foresee difficulties in the future except for those which normally occur in

highly specialized areas.

Tht consultants reject the notion of quotas applied to departments

tc control student numbers, in part because the 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

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

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

(1) availability of qualified students

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

(iii) the existing capacity (staff and facilities) of the universities

for giving adequate training." The Mechanical consultants refer to emerging

natural controls and go on to say: "We would wish the resources of the

present system, which are predicated principally on undergraduate requirements,

the market demands, the quality of the programme 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 numbers by restricting admission to students

shoving; high promise and by maintaining adquate standards. The latter

toretior with tli. market demand will provide an adequate control. We would

pr-trirfd to support the development and adoptiea of an evaluation scheme,

fw,i, 4.; th, er1,011,:t1c ineex mted at Clrletc,a, which can be applii.1 across

all dit,tiplines and which could be used in the monitoring of admission standards

w4 belli.ve should be a matter between a university and OCCS. We believe,



however, that the interpretation of these standards :for individual student

casos shoul d be.-left to:the informed Tudgeneut-of-the university coneerned:.

2) Onalfly of-Exiating ProijaTmes4 SuElstions for-Chang!=.

their-COmmenton-theAuality of the.:Ph..DprograMmesJor
. _

the systems generall, it I ar that the consultants believe it to he

quite acceptahl,.'. The-Civil on.a0tants no7n-tout that "the-system provides a

good quality ,-c ;rageof the-field and speci-Alties without undue overlap on a

regional basis. Comments on individual .universities draw attention to

departures fromthe norm in both directions.

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

flexibility in the future. The Metallurgical and gaterials consultants state

it this way: "As Canadian industry becomes mare sophisticated -.and has to

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

utilize the talents and skills of Ph.D. graduates and the universities will

have' to learn how to develop Ph.D. programmes which produce imaginative

engineers capable of responding to these new opportunities." These consultants

also recommend that programmes he so desffined as to permit graduates from

other specialties to change specialties as they commence Ph.D. work.

The consultants also show a degree of consistency regarding the

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

seventies. The' Electrical consultant: state it this way: "The education of

Ph.D. students in areas of national need is a more efficicat use of resources

than Is a random choice' of fields followed by a period of retraining." In

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

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

mare- stress on tqultidisciplinary education, environmental engineering, and

transportation." The llochanical ec,nsnitants recommend a greater emphasis

on production tngineerinp. and design.

Clo:.t. contact bctuen univii'sitirs and Industry is felt to ho

-inp,rtnvt tho connitanrn and individual Iniversiti,...s have hot; singled

out foe rf,..vnd.tion whore this contact Is regarded as exemplary while others

hay. !wen d to il.provc in ',his t

OD,C again Carleton accepts the findilvs of the consultants on the

quality of th u%i!,tinr: programmes and their views on the nature of Ph.D.

programmes required for the immediate future. We feel that we have already



made con5iderable progress .toward achieving the desirable

out by the consultants and that we have received adequate

this ittthOr reports.

3) Cr t iral -4S

objectives set

recognition for

consultants arc fa.'r eon.ecrne about the:concept:_:

of critit Jl slzp than -thc-consultants who carried out Sorl- cif the.Parlier

plannifi and show as much concern for the disadvantages7.of

"bignoss" as of "smallneSs;" The gineering consultants place their primary

emphsbc,ontheqUality of the stud t and of the faculty tither than on

size,. a view which_we heartily endo p,

The McchanIcal consultants take the strongest stand against the notion

of critical size. 'Mille 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-

departmentr often displayed an original point of view and a willingness

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

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

greater tendency to establish outside contacts with government and industry

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

and no capable individual within such a group should be denied support

bccm!.;0 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.

prograrme" 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

dc fin ito on the matter of critical size as the Civil and Mechanical

con,.u)tditt.,. The Flt-cLrical com,ultants felt that a desirable size for a

f(-11 in the range from 10 to 20 faculty with from la to 20

,tus: . but expreso.;ed the view that "high sultdards of c'reAlcnce

vi! = ;1 ou rathtr th;tn quantity will pay off In the long run."

.1hd M:itcri41,; co!1!:111tant:.; dr,m7 itttontIon to the contra:A

-hrt.t.:Lun the Ilritinh ;inproach to Ph.D. education centered around the thesis

.md toquiring 6nly iMu' pood faculty member and the American view that a

dcortmout floods to be sufficiently large to provide a proper range of



ca urges because .Ft the iutportan,ie given. to courgo work in the American

approach The-co6sUlAantS thcir,:;e1VeS took the position that students .should
,

be taught by met-hers-Of the-h,t--;ft -science-departments-as-Well
t.

Ftngini:Teting.futtmisr:b4..1-§and..that:th&criiimli sizefoLthe coredepends

4 great deal on the strengths in related disi lines. lite factor

seemsto:have been jlulOT141hy '1.11e of liteco7ttir:fnt,1who asS'essed the

non-Eni:ineerin

As indicated above-, (:aricton .1S fUIlv 16 agreement with-the
. .

position en Lritieal taken by the Engineering consultants and does not

sUpport the viet....;.of the.Chemistr or Economics-consultants nor ACAP.Is views

on this tatter.

2laTELLLif1112121-1121011tudents:

All four of the reports under review make reference to the enrolmlix

of foreign students in the graduate programmes at 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-tho.past liveyears.:.They believe can

Mix should involve students with a variety of backgrounds coming from various

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

latter they foci should be in the minority and they suggest 25Z as an

appropriat,:, proportion. The Civil consultants expressed concern also at

the low percentage of fnll-time Ph.D. students who had obtained their first

degree in Canada but remarked also that the percentage wag much higher for

part-tin ;.' stndents%and suggesitt4d that part-time studies should be encouraged.

The Meehani con!-o1 tantf7, 1/hile noting a similar proportion of

niln-Canadian d(rjet :Andent!: to thot-te montioned above concluded that

connot eottot en Canadian nndorgradniite -::chmtls to provide candidates in

*nfficient nnmh(rf.: !1(t rhit me ;t t,,T1t-Ntio to rely on fandent:: from abroad.

lhe latter wonld dtcr-o.:o in nn,L,r in the future doe to recent po/icy

:.1.4o0.. with to 17:1:31wr.iti.,n and financial support i or stodentLi wit bout

lan3c a.,ot -fAtn-. th,rit sntpprt for such Mthicntf; s:honld

tent froin appropriat f federal agencleY; stub as t'1 DA.

The Met,o!lurgftal !latori,1 t,,nalltants find that. "Canadian

int:a un7J11 e to fill- v.n.aneies with Canadiar, graduates of Canadian



origin bas prttt'rred to im; t
graduates from British or Australian origin

rather than employ Canadians of Asian origin." the'y'r-etottend'an'intensification-

of etfort a -1Arr proportion of Ph.D..students-from the graduates

of t'li-J;

.Carietct: in ,at .with the constltants.concerning the

desicAl.,111jv "or 11.11'141'g a nix off:_stUdentK from.,different--univerSities:in-

(rm and.in having- a: reasonable balance between

CAIL!.4;.!:1 And.non.LCin-Idian Ogree holdera. 'The problem of,toreign

nsnO:lv oxpressed as one of controlling their number. we believe

that Ihe:recent-iv,r1gration financial restrictions imposed on this._grottp,.

is lii,ly to overshoot the mark and the problem in the future may .well be one

of for foW'rjttler than too many foreign students. A more serious problem is

that .0t too few graduates of Canadian schools embarking on Ph.D. wokk.

Cot,-1 on !-.7ofe STeeific natters

in this section we wish to deal with some specific issues rained in

Zdt..11.--i1SSe.S.1..-nt" repOrtS. .

1) Civil Fftincr. ng Doeteral)Ilanning ,Assessment:

reformIrt; to Carleton tlntwrsity throughout ;his report are

r.-norallv foveura!)le and on the whole we like their c.)nclusions and

reLe;.:,end.tions. Then- are, however, one or two points we wish to question.

In Pecor,mendation 3 the consultants suggest "there is a case for

tonsistt.n1 requiroment.01 acceptance for Ph.D. students between universities."

we arc rt,1 to tho meaning of this since it is not discussed in the

body of tho report. We have expressed the view earlier that there should be

a a.; Carleton's scholastic index, for evaluating students across

All di ,1 ines, ond that OM; flight monitor standards of admission generally.

do 2:et wit t thv need fo; : external person on aercptrince committevs but

7colitiL.1( it -!apport. the position that there should be external examiner:: on

ti. pt lt,t 1,3 To* I Ret i4)11 5 e 4.rn

'0' this Ph.D. 1.J.U.'s into the undergraduate B.1.11.'s althougl we

(;.!) f!le V believe that a major re-examination of the



forbula for providing, oporating funds to the universities is Lcilled for,

not just minor adjustments to bj.1.1. weightings.

We-40-.not see the necessity .for the further. proliferation -of degree

designai_iOns_wh-ieh:would_result frem....the_intrOduction .0.f_the PoctPr_Of:

Engineering Degree included in Recommendation 12.: Ve support fully the

consultan'ts rc.06:'& possibilltiesjor:a doctoral thesi-s',

from the mathematical or:theoretical at one end to. the design or application_

orientated At the other end, bUt we belieVe the requirements for-the

should be-flexible enough to permit this as is the case at Carleton.

2) RePort nn DoOoral ProDrammen Electrical. Engineering in Ontario..

11411,erSities.

For the purposos of assessment and reporting, the consultants have

coMbined Carlctons departments of Electronics and Materials Engineering and

'Systems Engineering under the discipline .title of 'Electrical Engineering,:'

_Their comments, conclusions and recommendations apply uniformly to our two

departments. We regard this report as a highly competent and thorough niece

of work.- The analysis-In.theearlier sectionsprior to the evaluation of-

:departments gives to the whole a degree of credibility that is probably unique

In such reports.

Carleton University has received a uniformly favourable assessment

in Electrical Engircering. 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 programmes

art; praised as having "unusually high contemporary 7elevance."

We Intend to pursue our proposed five-year plan for the graduate!

pror.rare in Elt:ctrical Enr.inuering; we bellove that our present organization

into thil two denartments of Electronics and Materials Eegiutoriug and

Eu;;inecrisv. the most appropriate and vfferti%:, for our purposes and

intend to maintain this orymizition.

h.e,e rh,ti gricr:si reLol:unendation that. only t";110%7;11r,

11;01 prt,7711!.t. fur rr:alnAtv b Accopid into 11., Ph.D. prtw,ral..

We endc;ro this rocemmend.ition.



We ptan to aim for the small growth in graduate student numb rE.

rtToscs1 in the' five-year plan, but note that in the consultants.' view this

er th is modest. We.Shall atlew Ourse/Ves to'be-:resporistve-to the

apPlications'which7werece4ve from well.-qualified. students. L-144: expl.5.:t that

ot:r ;;r0wth will be limitedtp.a natural and non-excessive rate by th- limited

avajlab Iltv of-good

.110:believe that it.10 possible to. increase the scale: and.

ot our 0,SO'Clations-With laboratories. and firms In the Ottawa area and shall

entleav(rur
....

to exploit further such interactions!

The recommendatlonthat.greater.use.be. made. of. graduate courses given.

;q th, University. of Ottawa Is accepted. -The establishment. of a.close working

r,laii:.n.;hip over the l'ast two-year period has made the sharing of course

mid facilitiys a natural outcome which it is intended to exploit.

acept the report of the ACAP consultants without reserVation.

We colv;i(hr the asseqrr..,nt to have been fairly and thoroughly done and

th It lu report as a whole will he of considerable benefit to the

11,,tticAl Ytginverinp, profession in Ontario and Canada.

3) l'!alort of the Mechanical EnOneerinE; Consultants:

We accept the ACAP consultants' report on Hechanical (and Aeronautical)

Vaineerin without ryf.;ervation. We consider it to be a valuable, authoritative,

w rea.;1.,ucd document. The report is thoroughly credible because of the

( ,-,c,rcuce and International stature oftbe consultant team and the excellent

ovrvi:v they provide.

We accept the tonsultant$' argumont that, because "the developing

Loald abl,orb doubly the rate of output (presently about

irs PL.1)..'ear in Ontario) during the next five years" and because of the

L.,.1,r:nTplv of (!uJlilied candidates, w1:4iy,ned quotas for the Ontatio

1.e :1;7/.4! tlna .11.1equ.tte capacity and quality exists within the

hi! .iun: Aont specific tesearch area.. should be mad(

t 1,1 t t 1 rif if iJ9 t 1i et. ;.x cc ivo

-71 he, bCtli devc,ted to "traditiooal and classical arfas of research"

A ,,I, tht our !ort.: fOlould continue to be re-directed LewOrdt; research more

pfTliiwta to the practiee vf Mechanical and Aeronautical rawineerinp We



th.qt the rOpyance of the research work would be enhanced if support

were made more dependent en, Contracts from high technology industry and

appropriate fedcral government.departvint

111e-intend to pursue- our_proposed five-year:plan-and strengthen our

cent :4 With re the
possjhility of establishing an industrial research institute (or an office

of indUStrial. reSearch)SnC'e'theSeinStituteS:.are_notedaS having a-highly

benclici4i1 i'2417,1: '6n the .research of the- faculty- and -graduate:

-We applaud the recommendation that a gooclllh.D,prograTme should

provide breadth by means of well balanced course work and depth by means of

a_thesiS involving substantial research on a SpeCifie 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.

Con.1is :ion

We hope that it will be clear from the foregoing that we fine

roperts Acncrally quite ,acceptable and can endorse all their major conclusions

and recbiiiMendatiens-.--We regard the points- on whith-We-disagree-with-

the conmultants to be minor in comparison to the aggregate of the issues on

.which we agree.

G., R. Love

l'Zoverhcr 12, 1971



RE `...5PON:.) Or 3 TER LIN 1 1 TY

.:;1.1f;TORM. SUOIL5' N M.i.TALLUF t fCAL AND MATERiALS EN21NEERING

IN or oNTARla

repprt deals most effectively indeed with fields of studies that

,trolq multidisciplinary overtones, and that involve both Science and

EInninrinq and-Departmentc..7. 11-- does this_by provjdingan
71F "Metallurgical Engineering" that is well founded.in both

ni-,t-pric and 47-cent developments,:and-gives a convi-ncing overvfew that

to the trends'foreseen and to the needs envisioned; By

aiding 4-,.) this a thorough quality assessment and a carefuT approach to the

i:nt.:rati,)n of rr3np.a..4,4r requirements, the consultants have produced a most

dcument, It is system-oriented, stating direct challenges
wa-d; increaing cooperative efforts. Overallr therefore, wefind-the

nn any tne recommendations MO5t useful for planningend development
an' ..;,3 37.-e appreciatIve o4 the falirnessf approach and the

d-,!,,,o+e to it by the consultants.

of "7.'etallurgical Engineering" has Peen carefully delineated

extractive metallurgy, materials science, and materials en-

). -any classification of research and

--rad:late H-tru:rion, into apparently separable elements, can create some

Ind confusion. it can be academically dangerous if it

ri+hr :than giming_emchnsts. to .the comMon.elements and

in cur view, it can t e cl3imed that the classes adopted in

7"'s ;eil'ractive rnotallurgy, materials science and materials engi-

ni-n) nre wnil defined, but m-1- aporopriately so for highly-developed

Su, 1, the U.S.A. in whiNnh most Ph.D. graduates are employed

in T'ia :.ecLonda-i, industries that use materials. in Canada there are as

7,f nciltivel few secondary industries with a sufficiently complex tech-

- !0.3 !arge numbers of Ph.D.'s. There is no question about the
tnn-:lasTficntion of extractive metallurgy, though we prefer

or proort._;s, mtallurgy as it more clearly can include

nonnssnc; and norros'-)n, as well as the extraCting of
_ r- nfler classes (ma4-erials science and materials engi-

with 3 nonvi'-4cing rationale, should not in our

-J;r irm,adiately me more traditional classes of
:1: -..,-, r...nr,imic; and These are relevant, for

.f a =,',-;?! who hirt?s 3 Pn.D. nraculte
ho need5 a pHr--,on with

vedominantly and to a m.. n

r-r: ii ,n-r-im'r.n In fct, in this ca.:,n,
ter.

-:;2:, 1 ! Tnnn in pulo.r.-_-?r,.

_-;1-3n!n for J rrit,!,;!s
!1, r

3.

.- -1, ;) rre I ,.



repree)ntieg a mejor eector of Canedian industry. Hewever, the need of the

eeterel-.-er leedetr:oe f7r eridu,tee will he irreeeing faster than
thet of the producer Indu;tries, and these needs too must be met by our

univerJit:es. We therefore do support strongly the strengthening of pro-

grams in ';eit^.4riale science, and the establishment of at least one materials

ongineor4ng progrem. At +tee same time, we would emphasize that in our view
ny Oed ,hateriels enqineering Drogrim must include some materials science;

and thee-everee,--04 coeree,--Ts ,desirable. Thus,-an emphasis in-one of ::these:

must not exclude some work also being done in the other.

A 011..D. priegram, to the student, is Ortmarily fOr personal education
aid for training and experience in solving complex problems: definition,

analysis, and_exami-nation. The consultents, in their statement on extrac-

tiveJ,letdifurgY, emphasize (page A-7) that the "need for scientific.
sophist.ieati-en expected of a Ph.D. graduate (in extractive metallurgy)
appears to be small". if this is .translated as "sophisticated applied

chemistry and applied Physics", then any this concept by our

exist;n SC11SOi5 in metallurgy and materials will fail, at least to sons
degree, to meet the needs of industries with problems to be solved by

etnee techeiqees, end/or at a lees sophisticated level._ This may well

-eeve resulted 71 a too-restricted market for PhD. graduates. fkr: example

of this ceuld to in the area of extractive metallurgy, where sorting out

- the complex requirements for raw product characterization and mineral
benef'ciation, within the constraints of energy requirements and economics,

a feemidable challenge, beyond that of "scientific sophistication".

ee therefore suPport the proposal which encourages additional breadth of

o_h,D. erogeems in extractive metallurgy and physical metallurgy to include
so!vielg techniques- ua©d by other areas of engineering;- chemical-

ee3ieeeeieg and mineral engineering for extractive metallurgists, and
meene,,leal engineering for the physical metallurgist. In many cases these

eoferes already exist but are not taken by metallurgists. To us, this is

an additional reason for supporting further strengthening of the effort in
extractive metallurgy.

We can new speak specifically to the general recommendations given

-e7ert based on the general classification of metallurgy and materials.

..2,.-yeeeeelfl el 411 cellieg fer further strengthening of the effort in
extraetiee (e4,eeTcal) meiellurgy is one we support fully. For the reasons

else euppert Recemmendation #2 for maintenance in Ontario
cf etrength in materials science. Recommendation #3(a) recommends

2 .-1 ieseenti'ng of metallurgical, ceramic and polymer engineering

3 ,t---1 7:-egree cf meteeiele eeeineering. This we can support as a

'e but we held to our claim .ab- ve that these older
. r"1$1"' ie the -Caeadiae context. Pecom-

far .3r, 71:,:r::13St2 in the work on cerleies glaesee
ene:neerine, 1-d her, age n we affirm our -;upport. 11 is

"Itt 1; =1" impertant development to be osteeed,
e3e ree,er5!

.ree



.upp)r1 f.u'.y.the tenor and the conclus,ion5 of the repertts

t. - -,i- ard f3r manpoder.

a ccnvincing of: the approach taken in the "Ring of

importantv, because of receni nature, of the shart-

-(,,,1:Th af report. We consid-,.r that 11)e_ca5-e made for incraa.7,ing

scTenc and "materials; engineering is d one,

fo- 3rea of extraative metallurgy wheh-it is coualed wita the

:iuTi.. pri,4i,-.tor of a -40M6w64tsloWer contrnry to-an:c4inioh

n tn- rop7T1, we expect to see a drop in the-number of-metallurgists

irt.i.tforn the WK., where we understand there has been a recent sharp

1r,a In enroimenf in both Ph.Q. and undergraduate metallurgy programs.

ni a an t ofordes the concern that_Ontario must produce more of i+s

both the _attracting of more :studeatS into the -undergraduate

arol dal -tnrough tho broadening: of the base-from which. Canadian first,-

)a.U. candidates are drawn, in addition, the short-term financial

aaaafi t of enrolment in a Ph.D, program is not great, and we hold the

i.r: n taat manta. Canadian graduates are thus easily attracted immediately.
'..-Nlvloyment. The `.'importing" of foreign graduate students

r-afi;aty ia aart a compensation for. this. The latter, in our exaerience,

, a 1 : ; -ave ai lent academic qual ifical ions, and maav adapt adequately

;
1"3:11 scene with a successful employment record. Nonetheless,

:-,aaa'a N; ''' Canadian graduates to direct the complex technologies

fatara, it may .well. have to pay enough to attract .them into a Ph.D.

aaja, -a- is mean that students in particular areas will be paid

-a `- :, tat this precedent has already been sot in the med'cal

atroaIly support both-recommendations of-the report

ai,a-eat -a dr inarease in the output of ph,p.ts, and an intensifica-

a.f rearaiting efforts from Canadian undergraduate programs including

__1, in ;firend payments.

t addr-,_--::51nr/ the recommendations specifically dealing with McMaster,

a-- :lal,a1 to note that the efforts we have put into our materials science

i3-:-1:47-.1T, have reultei in facilities and programs that have been so enthWas-

-: C t. 2r3: We are already trying to put more effort and imagination

r,: 4.T ng ct.emistc. and physicists into our materials program. We

a al- aak of exaerience in th? field of physical Properties of

: 3-a laaking for a postdoctoral fellow to help fill this gap.

in thi-, field is a departmental priority. W.-, also

h3.:o a relatively small number of faculty in extraative

aa-! 1-: preeently planning to augment this field of activity

.;aa ra 4 a,3soo i ate members from Industry. We are alsa

of our courses in this area. We anticipare
daaartm4nts,- aa-÷icularla ahc--ical

;rid with the Deparlmnt of natallurqr di the

r:4aa. the auggaat'ions Aral

b-)th DT,rcoptivt=? aertinant. Irraap-3c1--'aa cif

. ,f 4aa -aaaat, aapaaaI Oiva



-)ur c.orrgr.s.rdation of tile rep rOrf and Ousuppr.:rt for its recomMendations
from apraciat},on of the analys-is-:by the consultants of

The da a cuppi Ted to them. The statistical compilations of populations,.
actiyities, graduate student data, sources of support, employ-

r-ent, were executed to lend strong visibility to the .time drmension
FO;.!r t fispl year history) and to important factors for quality assessraent.

add only two.minor points of comment. Firstly, more observations
m;eiht -have-.been..drawn from. the intereSting data on the total el.ap5ed
time; for Ph.D. work; ltscompilation for the system ,is nonetheles's a most
usef,;! coltribution. Secbndly,- we feel that the apparent confusion- on the
n:.;7113e-r.of graduate students:3"n Particuiar programs arose, from different
,,ter2r..tations of the term "materials engineeri.ng". The graduate students-

r_fterials_ engineering.:in our subrnissi,on are taking..a Ph_ .D. in
metal lurg,'. Our delineation was not clear-cut, but was meant to indicate.
which students are more oriented towand metal liJrgical 'processing:
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Dy. M.A. Preston
.EXecutive:Vice-Chairman_
Advisory Committee on Aoademic_Planning
Ontario GounCil on Graduate Studies
102 Bloor Street West
Toronto 184 Ontario

Dear Dr7-Pte on:

The University wishes to render no comment, at this stage,

on the final consultants report on the Metallurgical Engineering

Planning Assessment.

Yours sincerely,

1;4
R. McIntosh
Dean

RMimjc

cc--Dean Robert J. Uffen, Applied Science
Dr. W.B.F. MacKay, Meta:lurgy



ofFtrE THE .;EAN

UNIVERSIrY 1'0

School of Graduate Studies

1973.
. .

Toronto181.Canada

Dr. M. A. Preston,
Executive Vice-Chairman,
Advisory Committee on Academic Planning.
Council of Ontario Universities,
102 Bloor Street, West, 3rd Floor,
Toronto, Ontario.

Dear Dr. Preston,

The University of Toronto agrees with the broad thrust of the

report submitted to ACAP by the consultants in Metallurgical Engineering,
but finds inconsistencies of logic in some of its recommendations.

We should like pAlist to respond to the general recommendations

on page A-1 and then to consider recommendations and comments
concerning the Department of Metallurgy and Materials Science at this

University.

General Recommendations

1. It seems to us inconsistent to recommend expansion of extractive

metallurgy in the system when the consultants state that the shortage

exists in materials science and in materials engineering, for each of

which expansion is recommended in only one university. The consult-

ants have not made their case in terms of the numbers of graduates

needed in extractive metallurgy; the need is in the other areas noted.
Expansion of extractive metallurgy throughout the system might in fact

weaken existing programs.

2. and 3 a, b, c. We agree, therefore, on the need for expansion in

materials science and materials engineering with the qualifications

which we shall add below.

Enrolment

1. Once again the Canadian Engineering Manpower Council Report estimates

are shown to be highly dubious and it appears that there may well be

a shortage of Ph.D.'s in metallurgical engineering.



We agree with the intent of'this 'recommendation, we would.suggest

"that, besides Providing increased-stipends to. attract Canadian
undergraduates into Ph.D. studies,,the discipline give some thought

to improving its "visibility" among undergraduates in Canadian
faculties of engineering and faculties or departments of Science.

The University of Toronto

We, can see-noreason to change-the name of-the DeOartMent of

Metallurgy and Materials Science. The-undergraduate and masters' programs

adequately justify the'present_a4me. inevitably both materials.science

and materials engineering must exist and-there is need for strength-in

hoTh areas.

The University of Toronto would hope to .maintain and, where

feasible, strengthen, its materials science program. As the consultants
themselves say of_materials science Cp. A-8 ). "The subject is an essential

component of the education of all engineers who are to be,associated with

materials." The internationally recognized physical metallurgy group
Institutes an important part of the materials science strength of the

dePartment as well as contributing to the interdepartmental work in materials

engineering associated with the Materials Research Centre. The department's

entry in the calendar of the School of Graduate Studies will be revised to

inclUde a separate program for materials science. This entry will be.

framed by the chairman and will indicate where necessary relevant course

offerings of other departments. The consultants recommend staff additions

in materials engineering (p.A-29 ), but in the opinion of the department
anyadditionsshould be in materials science, particularly in physical

Ceramics and/or glass science and in polymeric materialS The faCulty

(Jean has asked that consideration be given to appointments in one or more

of these areas, but the university can give no commitment to such appoint-

ments at present.

Groups now exist within the Faculty which could contribute to a

materials engineering program, and the materials engineers within the

Department of Metallurgy and Materials Science would form part. of this

interdepartmental group. The basis of co-operation could be widened to

include members of the faculties of Dentistry and Medicine. The Materials

Research Centre would form the organizational umbrella for such a program.

Civen its excellent standing in extractive metallurgy, the

University of Toronto recognizes its capacity to develop the field of

mineral engineering. The Department of Ietallurgy has just introduced

ari undergraduate program in mineral engineering with the intention of
eventually building a viable graduate program in this area. After the

c,iosin' of the faculty's Mining Department in 197, two staff appointments

were transferred to other departments and a third lost throUgh retirement.

The first two appointments will retire within the next two years and the

faculty will give sympathetic consideration to maintaining these poSitions

for arrointeett in mineral eyOneering.



The. University-of. Toronto is

Department of Metallurgy and Materials
Centre. The housing situation of both
general reconsideration of the program

aware of the space problems. of the
Science and the Materials Research
will be reviewed as part of a
needs discussed above.

We accept the principle of co-operation expressed on page A-3
which we believe merits separate provincial funding. The Utiversity of.
Toronto would be willing to participate in a pilot study-with McMaster
University in the use of a TV talk-back network.

:erb

Yours sincerely,

A. E. Safarian,
Dean.



Viv;ponse of th-_! Universit. of Waterloo

to the Report of the retallurqical En9ineering Consultants

the Advisory-Committee on Academic Plannino

submitted to ACAP, Novamber 15th, 1973.

Lo 4e generalIxof_high quality 000 We wiml

to Co' wend the consultants for the excellent job which they have done. We

begin-this submi.ssion with a feW general comments on the report. We

will make specific comments on the section, devoted to. the University of

Waterloo and, finally will summarize our position on the recommendations..

il?neal Comments:

de The report begins with a very good description of the nature and

historical development. of the field being assessed. Work in metallurgical

engineering, Materials engineering and materials science has never been as

clearly identified as a discipline within the university context as work in

the other major engineering fields and in particular.. has never had a large

,,learly identified undergraduate base to draw upon for graduate students.

LAudants, in..the materials field generally come to it with a diversity

0- Ljcklrounds from other engineering departments or from departments of

4ysics and chemistry. In our view, this situation is likely to continue as

lon as work in this field remains as diversified as it is currently. We

fqree with the consultants that graduate work in the materials field should be

strengthened and we support their first two recommendations which are stated

ne conclusion of this section of the report. We also support the goal

,?lich the consultants wish to achieve by Recommendation 3 but we question the

!-chani51l. It is not obvious to us that combining these diverse activities

under a sin'le administrative structure will necessarily lead to the kind of

coordination and cirengthening of the programmes that the consultants desire.

.en arrani:;0.:ent miht be successful in some cases but not in others.

W cutlpert fully the Lonsultantsi analysis of the supnly and den:and

t;0:/er in tnis field. In particular; we support the reccmf.ndations

'd in t;li, section of the renort. The particular problem of low

!!1 contQn:-. in th.! graduate prograunes which the consultants comment on

1, rr:.!sfit in otor enOneerinq nrogrames. We can only repeat here what
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In tfs, ce%.1tion-of tne rnport devoted tu-ti ?;' Unirsity of ',:aterloe

which bet; ins on P ge A-33 the cOnNltants rake the statement that 'Thei>v is

no grai..at2 1,rogral:me in r.aterials at the University of Waterloo and consequ-2ntly,

thern (.Igroe in r2t-I1lurgical engineering or any: allied field..

In th.o snse.J.;hich the consultants use -the term !graduate programme -in Nat2rials''

thir. is a corr);:ct statement. Tche substantiaVresearch and graduate actiyiti it
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th:2.-pH10 opNy,pf..:mtcqrnq-,L strenj.:;illerials activity:

r t; t!

.

tbe fact that them are.collr:.e.,

t.i.:*;-%/et"Inr,t5 i°1 rofs.tti ty tajir

ro,le

s,ljlest that the university should draw this activity together in an administra-

unit to oJrrvout,' graduate progrime-in Materials-engineering. At the

present tke the university has r--) plans for such a-development. -We will

continue to encourage cooperation amongst the various groups and will work to

Crs.mr,liutte Irogrartnils in the different departments We will also continue

t Palcouacio tho-developmiant of interdisciplinary-activities across Faculty

bound3ries whrtnever theie show promise.of evolving. Vie are not convinced that

tn.?. establishrt of do -edministrative. unit to encompass all of this activity

t,..)uld be a wk COI,C3e of action for the university to take at this time.

j.1

11 hi-An:Cho:4-51 engineering The-consultants

kw.

7

-ev.J :
F4

7".Ur

_-2nd rltions I :Ind 2 and Rec)mendation 3 with the

it neces7.1ry to provide 4n adiiiinistrative

---, in or4.nr to a viable level of dooperationand

't:iY21,-)1;.) (it '..:iterlen intends to maintain the strength of

in! t.: cJntinue to develop coopnrative arranleTents

I, in tt,ir, field.

r-gard to the anticipated demand

!
ti3,:t. it be at led.:) double the figures given in Table 58

f-±! :-!i.nower Council.

t. ! t..:f :

-r-Lt e:lort!, to recruit d 1erpr propor-

511

(witinud interhffied.

prograi.T7es in

ti
oi rrolr(Im6.

f cri o!t1.-,r Ellr;ireering d.-,x!rt7ents



as iYe1 -as % %tith 1):1Agrciiiiids ib tilly'sjos and chemistry.

canpot 4..cce.pt .roConne.nu.l L L. Lhe

Y,ivprsiL of (:iiterloo tho propo iiion ddministrtiv-,)

o:%J.Iniz,qjw!al be- devic.,pv-Li t, i ty

recoliiheadatidi have set out i n sop Beta l abtiVe.

FinallYt we support the recommendation that more attention be given

to inter-university cooperation _in the metallurgy materials field. We.would

add that this cooperation and collaboration should exist not only between

universities but between universities and industry. The University of Waterloo's

group in metallurgy and materials has developed very fruitful relationships with

industry and will continue to do so. -
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Rr. 13Qiase. of the lhfiversity of, WesternOntari.ojo:tte,-.

kepurtof the. Consultarits-mn-1)0c-toral:Trogramin
.Materials Engineering of the Adv4sury: Committee on Academic Planning.

November9, 1973'

.

This2reportwas.prepared by a Committee of Senate ehargedth..

genera Ting. a. rvsponse .tothe.CAColisultants' report o- :doctoral studies in

Metallurgical.:andater.i.alsjngnecring.:

The committee.compliments.the..authors:.on.a careful,analysis:-0.

the.petallurical.and.materials science area andon a,clear.statement.of...

poSition,Withrest.7t0theRO.t.Of-ttcfr
Manpo wer Council Report".. he :arc inCOned..toaccept.the-COnsultantst.opinion

iri pieferOiCe te'thOse eXpreSSa' in the reports.. toted aho }re.

(2) Tlie principle recoi*ndationwith respect tothe'Universityof
Western Ontario on page .A -37 is ,acceptably to this University 0.thefollowing
context. It,isthe.intentof_tbe facuitylofLnOnvering at:the.Univertz.4Y:
of Western Ontario, as it has been since the prograi, was initiated in

to.offer-a-doetoral imgineeringStience.- The basic concept. of

this program is that a relatively broad speetrum of engineeringSubjects are

open for study and that particular emphasis is,placed upon interdisciplinary

51ibjects..which tend to bridge the traditional discil.iine, of

Engineering .but which have increasing relevancejnmodernsociety. In this

respect we would note that the authors of the .report defined two alternative

positions in the discussion of critical si:e (sec page A-22). Witheut

commiting themselves to either alternative, they, in fact, opted for the

American position when they care to discuss the university of Western Ontario

since_ the princ.ipal..reservationahout the program _is that it

critical size" Cpage A-%7;. It would be our opinion that when vieved in

the context of an Lngineering Science program with course anal research

su, )ort derived from other groups in the saculty outside the immediate subject

of review that the program readily meets the criterion of critical size.

(3) In the report of Civil Engineering we commented upon the

possibility (paragraph 3(c) ) that engineers who have professional qualification

who might undertake graduate study could be ..,,upported at levels higher than

those generally. prevalent in. graduate` schools. if it is the belief of

funding agencics that commitment on the part of Canadian students to

engineering graduate studies should he increased, it, is open to them to fester

this by making graduate study in engineering somewhai. more attractive

financially than at present.

(4) he would ID:e to comment on a devtlopment in the University oi

Western Ontario ,!aterials Sionco pn-igram which received scant- attention

there.viv.:r.: but which we Lelievc to be a useful adjunct in the tiaining

of rescarOh student.ih.c ;Nit of the tea student, currently enrolled in matt.rials

science group hz,ve estalillcd conta,ts with indistry in ....uch a way that they

spend part Of their time. iiindustry and part of thci tire in the Uniyersity.

This t,hic poru'lar with the' industries involvtd, i..erves

two function,. - it rrovilt..1, tht. Audcnt uitE much needed practic:11



experience iliCthe "real" wOtid industiy aW.algo supplements the.-ine6me
whlCh the ,student'- l,ay

us to tit aNziluable technique in the training of graduate studt.nts .which
might be Izore widely explored.

We hope:these comments are ,of. some:.help to. you. There
follow comptehvnsirve sr.ater t.nt. dealing with tlie , five. discipline assessment;5
when_we_have had an- opportianiq ta adequatel y. examine the indiVidualrepotts.
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whi.ch this appr:lisal teas-. untlexen-artof --
particular interestj/et;ause_the formwhich thiS-assessment has_laken 'ai'Is to
take eagniance of 1.Orrof an interdiSciplinir natnre.Whi0 nett' he deered tobe
outide:t electrical, meeh.avical, chemical and

,arcirterials sicence.engineerine.:: .Lx4mination-pf the-five reports
which have.becn received.reveaU, r'at'her. emarEable 4E.fference5 betweon_reports.in

spite2Of the-Coct th4t thirit5tilt4lt sec 17.=

equivalentjnstrUctions nechaniCal and ,Chenieal

-groups witp,09.rnotsp-,cifically report their terns Ofs:referenne), :lkemarl4ible,perhapS

are the pro,:alr.t co=ents about ''critical size" when the _printed terms of reference
contain no:mention:of critical s,ize,

-As the present assessMent:hasheen 'conducte4Hit seeks to determine:-.-
Aether cchooIs : of the province contain fivo certifiable
traditional .reciaAties bf. engineering- if this the objective.:of the assessment
it .was not !.=o- sL:ated.dn advance. dot surprisingly, the large schools with substantial
groups in each pf_the,specialties sUrViv asSe_ssments:Of:Ihissort, smaller schools
regardiof the (inalityof their,pp,erations then judged in this partieular.fr,ne
ofreferenc e are found. wanting in one or more.of the traditional. specialties. That

tO.say:that the discipline is not represented in the school since it Inust be
to r..et--Undergraduate instructional needs but the group Practising the specialty is

not so10 arbitrarily defined critical size.

Vinat can a school that is faced with this difficulty do" Aside from the
,:obvions_n.l. in gtteral unacceptable possibility of retiring from co:Lpetition the

.re.lrcher sc,all "sub-critical" groups seeks to meet the need for interaction
.
with ether profeon,,Ils and to develop his on intellectual pursuits by developing

..int!ividuals in related .The consvmence_is_that.individuals
with difrt b-.1:krounds, information nnd address thelves to problems

in At its best this kind of development can lx the mol;t

ree.irch conceivable. At its wor-,t the ',redacts of the 1:ctivity may be
4;;.wou12. contend that operatic :Is of tiliS sort which stem

:nterdisciplinary groups arc poter.tially of Lrei,t irportance and further-
thnt the present assesents carried out along st,.,reotyprl lines may net detect

i.),.;tivit. and liLely not suited to the evaluation or them.

It will be 'cvident that interactic;n:, with individuals in other disciplinary
i:Aez,ral to theYer..erch in ha!:...1, will not permit the specialist

gron.7, 01! stai7fto !:lent tb: evitorion of ccitical size uht-rt the

c,trried out in the frnmework of tr7-iditional

;.hich c-tt in which thee difficulties of
t an,.1

.1titnd'... of faculty In27:',"rS in other

la in Vie %.;rtic:,1 tho tTa:ntionn

a% v: FlICOUrart
a -C.,: ha.7,. been a s.en,ciuus .within the 1.,a-,ty of

a jfn dett.A-rini::: fa:tor in the-decif-ion of the Fa..ulty

tp :int. .'::n- Science 7,11.vrzi7.; r;:t:!%.n. th c: uo2,ra:-.L. in the traOitionJI



Thf. Seience Concfrit

The absence uf str,..:c-..ire an! all th:ft it contributes to

spezialty tribrilit. the limited dirl:nsimr-of the faculty. (approAimately 43 F.T.E.),

and tho existiceof 1%.1f, led to clvvelop;:lent of extensive inter-
zict ion a;,.1-. col I z_bor;lt betwoen groups -.For it
has bQva dcv0.op. re:;earcli bioatecticai
arch, I ab9.nit, act i in both b-i ca 1 enginvering app.i

in rzhi., (az; r.!eralier:i in. the .Crita-t- for.-Radioscisenc.) and in
ccrvuter go.up- has .tleve-19.1)(41-. .cp1-1aboration)
The .;,`)icing 'iritcrest the F4c-t4.1,i rat tcrshas pr-o! -tvd.

trni)t,rsi'ty- whic}1 be'ar.-fruit in the future
: liko,11U t.t n.-Itf:(1 that in all ivo -reports t13 .4.1 cog,:aents. on the

(;;;:i 1 try- 0 t tits: k in hand wore favorcble...

In effect, .circumstances have ki.ic.tated. tliat a 13;11.ticuar course cf
e't:1611..:-.1_ bt ollotied. It would he our cont.,:ntion that this eourst: ho.., led to Lltich

that yalu;ble and orthy divolorment- thu .1..onto. we .pursue 4lay be in-

nuroprOtk* to other ffiginevring Sc.hools we :J..11d rz!que;3t that we be jUflged in this

not in the traditional format which cut:, across rather than displays

col'

rerails cuncluJed by a stateent that as recently 11..;

.1%.-)1..f:r 14, 1973 and with the full .1,now1eOL:-of the vin-iow. con:Ailtants ruportr,.,
th71;:.,.;,ilty of :n;incc:riii Seif-nee raffimed its -intcnt to continu,:. to offer und,..:r-

adu,Ae, ::_tcr!, and doctoral training in Fn4inverin?, Science and not in any of the

, ill,
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FORMAL STATEMENT
Hot the

UNIVERSITY OF WINDSOR

RIPORT.OFACAP:CQNSULTANTS:
DOCTORAL:STUp:

METALLURGICAL ANDIMATERIALSENGINEERING
IN THE PROVINCE OF ONTARIO

responbe of the University of Windsor to the final

report of the ACAP .consultants for Metallurgical and Materials

Engineering and the recommendations contained therein, is

herein presented in the form of a general commentary on the

philosophy and criteria used by the consultants in formulating

their recommendations, followed by comments on the general

recommendations and the specific recommendation for the

Deparimt,!.nt. of En,jineering Materials at the University of

Windsor.

REPORT'S APPARENT CRITERIA

In de.veloping the arguments which lead to the general

recomn3ndations, the report oonJidcr:-. thrc:e

C611:3111tInt.':,1 oust. itUte tue

philohy for thL. rocomn_ndations. These

!..f,..!tor ;try:

(1) Interpret:Ition o "Metallurical Lriginurinu"

11.11..; Le(?n -,;t1bdivided into three

metallurgy, mat!.cials

Tht:ro i!-.; little difficulty

Lt-io



branches which form the diipline :lore ii.aii kiown

Tho forter iiLiv.1,1rily with tlw

extracti0o, ot motAi.L; Iroi7; mirwr.11s or., and thL,refr.,

huay.ily (..lep,.:ndeht on chemistry xla engint:t.;rinj procr.

Ti e report argues that a1tiou.j <tractiv mt.tallurilists are often

Lound toci.t.ther in - -th.a dcpartmnt with ph2si,ca1 metal.10/-gifits'-

(elass,..d a _materials seientis or engin(1-erT, their divQrgtnIt

inter,.Ssts hAve. not been an eft.L.,tive ,2ohesive force. We cwicur
. _ .

with the report .that "It I -,foasible,- and ;Omotil-lo's by Tbitco of

circumstances rwces:3ary4 tohave-sOUnd ph"sicai metall,artY,

matetials-erigineering or materials sciencL1 witbout any inter,Iction

with t!xtractive mutallurgY".

Matorials science is di;:feic!ntiaLed from materials

engineering on the general assumption that the central theme of

material.,; science is the rvlatiunship Letween structure and

anL! i threforf= princiL,Illy with solid-

state physics and solid-state chemistry, while materials

uu,;inct-rinq do.ila; with solvin:j speific problcms and utilizes the
.

IL ..7.praccicaLie

unsounr_i t .tempt any strict .7.iiissificatIon materials rcsearch

prots Jccordins.; to the scien: or cngiLectrinq content. it is

pot (1,!r_ormin whre scioncc

and enyinering enter!,; or Thu;;, as a cjanc!ral

tire is r1L j-.1stiticatin to pr=1di_-2 a iri..11.s or

ii113',,nr;in,2rLnpart72nt =,71 p-,7)17tc=ilar



1,1.atlia17.i..t.arch.proje4:t on the. basls.of the supposed ..content.-.

en..J.Lneerin,J.

diffcrentiatien between. the

.t.jneral themes Of materialS scicnce and'matcrials et,;

howv'or, wo hold it to be imbracticablc, im ossible and

detritntal-tkidttemit in strict ClassificatiOn of ecific

ci.L.Etobl.t.:ms or graduatc courses according. to their sdience

or encTincerinq content.

(2) Tilc! Supply and Demand for Manpower

The rePort has performed an invaluable service to the

profession and country in its clear and well substantiated

'refutation of future PhD manpower supply and demand as projected

in the Ring of Iron and the CanaOlan L.Agineering Manpower

Council report.. We concur with the report's recommendation that

figl1r=7.s for anticipated demand in 1974-75 for PhD's in

'31-1tario in "mining metallurgy and materials" at least douole

those given in Table 58 of the report of the Canadian Engineering

Manpowor Council, July 1973, and thc tArgoto for the total PhD

in Cae:io uditi:JtuU accorain.41".

rH,7ct-thc c.Jf rocc7nondatioz,

th_it of the noc.,!uf;Ary sul5t_anti,i1 incre:16e in t1-1.,

0:itb:It 101ou1d bc fr;,.;:n dopart:nents withco;npruhc?n3i

nit-1i i.mr,Tinin:.1 mateti; i)r

it do,:..Sfrotc.xpliCitly Siroct that Lhort. should 1,;...! a

:n L.Imallrsr



. ,

.t, also concur with the rc.put-t. that. "of forts t.o
_ . .

. .

. .

;.-.1

---._
; ;t- Ilt..- rc.T t grad uat" '6 f

::110u 1i1 be Continued and .

to C7tnadi,-1;1' qraduate student's

inadeq:latO.to 1.ttr.dt f.ficiQnt number and should be

-inCt7,2A:40(1

t1) t..11u..i1 itv oL the Educational Experiencu

The report is clearly biased in favor of the American

e01.1)(irt!d to the British system for graduate studies

roseArch, j.. considerable ,::mphasis is placed.on formal

_courst. work. In the 13ritish system, the graduate program is

rind the thesis, an formal courses play a relatively

rcA.e. In iavoring the il.r.rican system over the British

1 :"%w:1 ,.:1-3111ry that only large departments

A rJ.:1-je ()f foral courses from which the student

whi,.:;1 :it hi L; particular needs. However,

thc., rcrt du nut it.tompt to define the term "critical size"

Llic number of faculty mombors

7 171

A:wrican _system

(.:E.).1.111t.:: it 11.!...-rtheless admits

,L7r-rr,-!Laulan prformances and

7 L, thc.!

- I it

r. P-1-',1 In IN.:Lich th..y

t, ts.et-- too lightly,

tho 12:1-Aior tc+ question ot



retutos thearquinent that the American sys ern is superior,
te be prt...ierred .413 groundless. Having failed to provide

uy documontod evidence in support of the superiority of the,

Art..rican system, the report then makes the dogmatic assertion

that-fla graduate program should be judged by thv quality and

range- ot opportunities it offer-s to the student, not by the

ahievuments of occasional outstanding individuals who may have

gone through the process in the past", and so very deftly

circumvents the onus of explaining how somo'"occasional out-

standing individuals" obtained their graduate training at

smaller institutions.

The emphasis of the report on the virtues of bigness

should not come as a surprise since two members on the committee

of consultants, of which one is the chairman, are faculty

members of one of the largest postgraduate institutions in the

i1d StaLu:;, who metallurgy faculty alone almost equals the

total engineering faculty at the University of Windcor. The

taliqu ) acomplishmunts of., the smaller graduatu schools in

T7attcr o: rc:ord, and thyro IL.; no intention

Lo present a derL,n,:e on their bulidit in thin

T,.1,._!t the general Idus of the rcTort towards the

p-r.licrcw:4- for Pli) prolra

larger in3titutions, insofar- ac thin bi.As

L; to ro:1%i2c: the anicv; dcr.nmplfch.meni:J7

!_by rrr7,frl.r.1 At t.L- .r
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disciplinary intt..raction- in the faculty. The 1:n.gineering

FaCtilty undertook the reorganization to:rationalize the many

and.varied graduate courses offered in,the-FaCulty of

EngineeringThedepartments:now:oller-their.-respective:

graduate courses under t40 administ control of a

particular division, to which the d artm nts have imput through

their faculty members. The princip 1 function of the divisional

coordinating and

combining similar courses offered by jwo or more departments,

st ucture is to minimize duplAcation
. .

which then become the core courses or the division. A student

is required to take a minimum number of core courses plus a

number of more specialized courses required for his particular

needs. The student is still under the jurisdiction of a

particular department, and the degree-is granted through-the

department. Thus the departments have not lost their identities

as might be inferred from the statement in the report that "the

PhD program in engineering materials has been absorbed by the

new di7isional structure"

th ova proAuctivit'i oL

thJ tacuity mombors in the department based on the current rate

of output of papers in refereed journals, and predicts they will

make an excellent contribution to the research program in the

:itructure. The report then upocitically

recommends and encourages present fort to integnIte Lhe

graduate program within tht., diviienal :structure. th innterpr



the above comments and recomnen2ations.to bQ an acknowledgement

of the high quality and productivity of the PhD program in the

department, and an explicit directive for its continuation

within the faculty-integrated divisional structure.

The Department of Engineering Materials of the University

of Windsor currently offers, and shall continue to offer, its

Phi) program in engineering materials through the faculty-

integrated divisional structure. The integration of-the

gl-2.j....9.__Ez220:211 intotL-tt1:atisi.RnaLstr

graduateI_inmaterials'astudentinenircomrshehsive range

of applied science and engineering courses. The Department is

well equipped in laboratory facilities and supporting technical

personnel for research 1.n the physical-mechanical and

processing fields of materials at the PhD level, which it has

v.ry successfully done in the past as oviaencod by the

Department's publication record and past output of PhD's.





Procedure fCm Metallurgical Engineering Doctoral Planning Assessment

conducted by ACAP in co-operation with CODE

1972-73.

A. Tasks Requested from Discipline Croup (with help available from ACAP at all
stases

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.

4
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:7

: .

Examine and comment on pro..formap to be used for, the gathering of information.
on Cerrent,:Past.and .futurepreetemies as deseribed_in paragraph e.1.

Examine and comment to ACAP on the adequacy of the 4ata.colleCted on-
current.and past strength. CODE will also be asked to emnent. on the data.
r e l i a b i l i t y .

. . . .

Both .in consultation with ACAP /CODE representatives and separatelYs,eonsider_
the situation revealed by.the tabulation.of proposed. future programmes and
consider whether fOture plans should be modified. or developed in more
detail. As a result-of this step, individual universities may wish to
revise. the. described in B.I.d below.

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.

For this assessment, the discipline group shall consist of a member of
each of the Departments of Metallurgical Engineering. that member being the
chairman unless the chairman delegates this responsibility to a colleague._
-on a permanent basis.

7

14 information from Universities

.tath university is 440,.ed to supply to ACAP, in the form indicated by
ACAP after comment by CODE and by the discipline group (paragraplhA.3.).



information as follows:

a) for each specialiy 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 spdnt on university duties) ;.

(ii) numbers of full-time and part-time faculty members for each
of the past five years;

(iii) for the current year and preceding five-years, number of
(1) master's and (2) Ph.D. candidates and (3) post-doctoral
fellow'sdoing 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) Curricaa Vitarum-of each faculty, member (Assistant Professors,
and higher) showitig inter ells complete publication lists,
research funding in the past five years, and graduatelstpdents
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 metallurgical 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
by computing facilities;

(v) support from related departments _including shared teaching and
research;

(vi) description of any inter-university arrangements for graduate
work.

table of characteristics of graduate students_in the department in
previous five 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;



(v) drop-out number; ,

(vi) degrees grantead;

(vii) post graduate; employment of Ph.D.'s
a) immediate and
b) after two years.

proposed plans for the future of doctoral work, in as much- detail as
the department can provide, including the proposed scheme for_Suppott.
of these plans, and accompanied by suppOrting arguments, including
consideration. of the .sources of.doctoral studentsand an analysis. of
demand for graudates, from the .programmes as indicated by.previeus
placement-experience. The various headings in a) and_ b) above
should be dealt with quantitatively .,where. possible; as -a minimum,
.planned numbers'of faculty and doctoral students should be given.
If part --tine doctoral work is contemplated, please discuss in detail.

The material so suppliedill bee e-collated by'`ACAP. and transmitted to the
discipline group for action indicated in paragraphs A.4,' A.5 .and A.6. :

8.3. Apart from the material described in a.l.d. and =to some extent generated at
the department level,' each interested university. will be requested to make
au individual statement on its plans for of doctoral
work in these fields, of engineering, in particular the items of future

.1.4.1ied by item li.l.d.

. Terufg ,617 Refs reIIce of Consultants

'Consider the two special documents related to the-coordination of the assess-
meats in Engineering, viz. Engineering Ph.D. Planning and Assesament:Procedures,-
Statement on Ph.D. Studies tin Engineering Studies in Ontario', and the material
prepared by the discipline group and the universities and obtain other data they
-may require.to carry out' the tasks detailed below. They shall be provided with
copies of "Ring of Iron", the COO statement .thereon, and the. CODE, °CGS and .

APED responses. They may obtain data and views from any relevant source, such
as, for example, employers of holders of graduate degrees, professional 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. Reports of appraisal consultants are privileged documents and are
not to be made available to ACAP consultants. Consultants shall meet with the
discipline greep near the_ beginning of the work, during the work.as they.consider
necessary, and. immediately before preparing their final report.

C.2. Report on the adequacy of the present state of doctoral work in "metallurgical
engineering" in the province in general and in each university where applicable,
discussing the following:

a. coverage of fields and specialties, and extent of activity in each

D. faculty quality and quantity

c. nature of programmes offered

d. enrolment size and distribution amongst universities and divisions
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e. quality of student body;. admission requirements

relationship to related disciplines and to the profession

g, physlealfacilities

b. otLer ::at tors cok.;idered.by the consultants to he significant.

f_Ar the :Aevelopr'ent of doctoral work in fields of
this .issessment in ti:Ltario between 1973 and 1978, taking into consideration

dov,14.1 by thy .Diseipline Grour,JAndi,
tht: of 01J f0re7,ain!.., dealini; vith the following poihts:

, ._ .

a. Desirable d.oef,:ralprerimies to be offered in the province, considering
mth possible 1imitations or reductionn of existing progra7,mes.ad
rent ion of n.r: rro;tram-Itet; and new kinds of programmes InLluding,

the apprepri:it,n, 0: part-time prcl!rammes. In. particular, consider
if .thire should or ,thould not be more activity in fields no prcducinf!.
few gradnitcs in Onz.,rio and also the desirability of developini:
applitatien-orinted aru.I iw_or-disciplinary wort 'industrial involvoment.

`b. Desirable provincial enrolments,year by year, in Ce doctoral study
in metallurgical engineering and in the major subject Avisions where
appropriate. Ocle should consider the need for highly trained manpower
and also the generld-eultural and socictal factor.! ..'Erich may lead students
to pursue doctoral wprh in enginceriny!. In considering manpower needs,
one should ta:: account of Cle "market". available to graduates (at
least all of Canada) and of other' sources of supply for that market.
Results of fore,casts of high level. manpower employment should be-treated
wih utter caution zina only In a clearly valanced lationship with
cultural and societal needs.

c. Distribution amongst the universities of responsibility for programmes
and for specialties where appropriate, including consideration of the
need for any Irorvase or decrease in the number of departments offering
doctoral wor:: and including consideration of areas of collaboration
and sharing of, facilities at regional level and across the province.
Consider tychnicues for involvement in doctoral supervision of
professors in d,partments which do not take doctoral students in
their. fields, and the extent to which such activity is desirable.

8. Distribution of enrolment amongst the universities, showing desirable
rants of enrolment.

in all it is important that th,: ra'ionale for the rec4)4..merdatii:,ns
he clear; this is especially iMportant for items c. and d.

C.4. It in permissible for oonsultant.f. to recommend appraisals pf individual
piograrM(s. This would arise if consultants were to suspect that a
prograr.:ie would be found to be wholly or in part below minimum acciptable
standards; and appraisal by the Appraisals Committee is the means of
settlim! the question. It is recop.nired that this action would be
Intr,,atat. in Larryini; out pl,!aninr asses,ments
in sor:e cen.;u1tants find there to be an excess or deficiency
of prev,ram-,.s in a given ari,.1 of study, where all of the existing programmes
could p. ;s an appraisal, they may, subject to their own judgments of relative
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quality dud of other factors Co task outside tife terms of reference of the
Appraislis Committee), recommend where enrolment should be changed in
accortionco with the possibilities indicated in section C3 (c).

D. Appointr,-nt of Consultants

The consultants shall inc3ude one person of wide academic experience in Canada
but in a difftrent discipline. The other two consultants shall be engineers of
international -tanding, vith suitable administrative and/or 'teaching experience,
and with expertise in rmlz of the fields assigned to the metallurgical engineering
asses$7,cnt.

. R.-port of Con,ultants

The consultants submit a joint report to ACAP (tentative date of September 1973).
Minority rtpotts aro, of course, possible. The reasoning leading to their
reco-,74ntionf; should 1)! viven fully, in view of the subsequent treatment of
the re-Lsrt. Tho report I.: submitted for comment to CODE, to the discipline group
and to cacti interested university. There may be informal .or interim exchanges
of VIOVA amongst the discipline group, the universities, CODE and ACAP. Any
university which wishes to make a formal statement to COU on the consultants'
report shall sul-mit it to AUT. Any such report shall be transmitted to CODE
and to the discipline group. The discipline group shall submit its formal comments
and/or reemmendations to ACAP and CODE. CODE submits to ACAP, its recur mendations
to C07. ACAP considers the CODE, discipline group and university statements along
with the consultants' roport and transmits them to CCU with its recommendations of the
position r1'.o..-.1,1 adc.7t. Corics of the material tranmii-ted to COL' will be
supplic:. to co::,: to CCGS, to the members of the discipline group and to the inter-
ested universitles. COTT, OCCS and the universities are thus enabled to prepare
for diruct cor.:Ient to a CCU meeting. The consultants' report may be published
together with the comments of CODE, the discipline group and those of any univer-
sity EC) requesting, and with the position adopted by COU.
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Engineering Ph.D. Planning and

Assessment Procedures

Coordinating Task Force, September 25, 1972

1. The doctoral assessments in Engineering are being conducted as a group.
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 document which is referred toin section Cl of
the Terms of 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) enrolment 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 ouantitative 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 the individual institutions and by the discipline groups.
Copies will be made available to the members of CODE.

Departments are encouraged to discuss their preliminary plans with the
appropriate discipline group prior to formal submission in January and
the discipline groups should be active in their planning function
throughout this period.

3. 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. Reports will be distributed as above, by she end of
February 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 arc due to ACM' by April 15, 1973.

5. These statements and reports, along with the regular ACAP assessment data
(to be prepared during the ;dove process, perhaps with CODE "data bank"
collaboration) shall form the data base for the assessment teams. Failure
to meet deadlines will not be allowed to delay proceedings.
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The Coordinatin Task Force will review.the detailed terms:of reference
to be given to the consultant teams, particularly in the educational

*professional areas. This is scheduled for completion by September 30,
1972.

. Upon completion of (4) above, 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.

CODE, -with as-Si:stance frOM COU and utilizing outside expertise as needed,
shall. implement a special study of the iateering manpower situation at
the Ph.D. level. This study should be Ailable for consideration by
ACM', the Discipline Croups and the cdutultants prior to the drafting of
final reports and responses. Reports on the progress of this study shall
be reviewed by the Coordinating Task Force;. the first report shall be due
by the end of 1972.

8. The formal assessment and consultatikm process shall commence on completion
of (4) and the consultants shall be Provided with a general statement, in
addition to the data base material, terms of reference, and other relevant
documents. 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 consultants is intended to draw attention to some features of the.
Ph.D. in Engineering-which the Task Force considers distinctive enough to
merit particular consideration ay the consultants. taucational, prors-
slonal and research concerns will be emphasized. Briefings and dis-
cussions with ACAP and the appropriate Discipline Group will complete
the first stage of this process. These discussions are expected to
occur about one month prior to the first visits and the visits themselves
will be concentrated in the month of May and June.

9. The next stage consists of consideration of the available material by the
consultants, University visits, meetings with the Discipline Croup, and
the preparation of a draft report by September 1, 1973.

10. The draft reports will be made available to the Engineering Deans and to
the Discipline Groups to provide for initial feedback to the consultants.
There will In oral response from the Discipline Groups to. the consultants.
Follow;rog this the consultants will draft their final reports ubieh will
be followed by official responses from the above groups .end finally by
conAideration by COU. (The above is intended to make clear that while
feedback to the consultants from the Discipline Groups is desired and
expected, the draft reports are not to be distributed for open discullFlons
within departments.)
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Ontario-Council on Graduate Studies

By-Law No. 3

-A;BY-',Law to establish a Committee on the Academic Plannintaf Gradtiate Studies.

I. Thee 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 furthet specification, means the Advisory Committee on

Academic Planning;

(b) "Council" or OCGS means the Ontario Council on Graduate Studies;

(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 discipline, of one representative 'ram 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) "progrimme" signifies all aspects of a particular graduate undertaking;

(i) K '-ationalization" means the arranging of graduate programmes in order to

nv6id undesirable duplication, eliminate waste, and enhance and sustain
I

quality.



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 selected in such manner as may

provide for reasonable balance both of academic disciplines and of

univetsifics.

(c) The members of the Committee shall be appointed as individuals.

Chairm.7n

.. 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.

runciions

6. Thu functions of the committee shall. be

(a) To advise t)CCS on steps to he taken to Implement effective provincial

planning of graduate development;

(b) To promote the' rationalization of 'graduate studies within the universities,

in cooperation with the discipline groups;

(c) To recommend, through (COS, to CPUO the carrying out of planning assessments

of disciplines or groups of disciplineS and to recommend suitable arrangements

and procedures for each assessment;

(d) To supervise the conduct of each planning assessment approved by crUo;

__(e) To respond to requests by CPUO to have a discipline assessment conducted

by proposing suitable.arrangements;

(f) To submit to Cno the reports .of the assessments together with any

recommendations which the committee wishes to make. A copy of the report

shall be sent to Council.
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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;.

(h)- to-re4uest a discipline group to provide such f''ormation 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 reports;

(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 vend 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;

(0) to employ consultants in connection with planning assessments;

Procedures

8. The procedure to be followed by the Committee shall he as approved by the'

Committee of Presidents of the Universities 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 ASCIPIANE GROUPS AND THEIR ROLES

I. Establishment of a Croup 3

When it is considered desirable to activate planning of graduate work in some
discipline(s) or interdisciplinary area, COti, on the advice-of °CGS, will.
authorize the establishment of an ACAP discipline group. if it was not already
'-approved and included in the May, 1968 list. If it is already authorized,
ACAP may decide to sz:t it uptas described in, paragraph b.

1. The Ext-cutive 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 his 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 observer to the group.

c. Changes of a university's representative are to be notified by the executive head.

d. The group shall select its awn chairman.

Meetings

. ..

a. A .discipline group may meet at the call of its chairman or in accord with its on
arrangements.

h. A discipline group may he called to meet by the Executive Vice-Chairman acting
for ACAP.

3. Responsibilities

a, The group is to keep under review the plans for graduate work in 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 with graduate work in
its discipline when it considers it appropriate.

c. ACAP will assist the group in obtaining. information and data, as mutually agreed.

d. When COU has instructed ACAP to conduct a planning assessment, the discipline
group will assist and advise ACAP in determining procedures and terms of reference
will report as requested and will generally facilitate the assessment.

Apploved by oCCS March 22, 1973
n by COU 4.prl/ 6, 1973.
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JOHN J. JONAS

Born Montreal, Quebec, December 8, 1932

B.Eng., McGill, 1954
Ph.D., Cambridge, 1960

Steel Co6Fany of Wales, 1954-55

McGill University, Assistant Professor, 1960-65
Associate Professor, 1965-73
Associate Dean, Faculty of Graduate Studies, 1971-
Professor, 1973-

Member, American Society for Metals
.,I[ember, American Institute of Metallurgical Engineers
Member, Institute of Metals (U.K.)

Visiting Lecturer, University of Sheffield, 1968
Visiting Professor, Chalk River Nuclear Laboratories, 1971

---- National Research Council Exchange Scientist, U.S.S.R., 1973 (Summer)

Mechanical metallurgy; elevated temperature deformation of metals and
crystalline materials; dynamic recovery during hot compression and extrusion;
substructure formation and stress-strain rate-temperature relationships during
hot working

Address: Department of Metallurgical Engineering
McGill University
P.O. Box 6070
Montreal 101,
Quebec.
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THOMAS B. KING

Born Scotland, April 27, 192.3

B.S., Glasgow, 1945
Ph.D., Glasgow, 1950

Clyde Alloy Steel Company, Research Metallurgist, 1945-47
University of Stmlathelyde, Lecturer, 1949 -53

Massachusetts inStitute of Technology, Assistant Professor, 1953 -57
Associate Professor, 1957-61
Professor, 1961 -..

Head of Department, 1962-1972

Member, American Society for Netals
Fellow, American Academy of Arts and Sciences
Member, American Institute of Mining, Metallurgical and Petroleum

Engineers (Director, 1964)

. Metallurgical thermodynamich and kinetics

Address: Department of Metallurgy and Materials Science
Room 8-106
Massachusetts-Institute of Technology,
Cambridge, Massachusetts
02139.
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W. BENNETT LEWIS

Bern Cuihberland, England, June 24, 1908

B.A., Cambridge, 1930
M.A., Cambridge, 1934
Ph.D., Cambridge, 1934

Honorary Degrees:
DSc: Queen's, 1960, University orSaskatchewan,

Dartmouth, 1967, McGill, 1969

L.L.D.: Dalhousie, 1960, Carleton, 1962, Trent,
-"-

Universtxy of Cambridge, Demonstrator, 1935-37 .

Lecturer, 1937-39 ti
British Ministry of Aircraft Production, Telecommunicatfrs Research
Establishment, 1939-46, Chief Superintendant, 1945-46 \

1964, McMaster, 1965

1968, University of Toronto, 1972

National Research Council of Canada, Director, Atomic Energy Division, 1946-52;
Atomic. Energy of Canada Ltd., Vice-President, Research and Development, 1946-63
Senior Vice - President,.. Science, 1963 -73
Retired, 1973
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_COMMITTEE oF 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 of this, CODE has decided to\
forego comment on such specifids, and has determined to refer only to those
matters of a more general nature Which affect the universities collectively.
In choosing to frame its response in unitary fashion, CODE wishes., at the
outset, to emphasize that it views engineering education and practice as.a
total activity instead of a discrete set of unrelated disciplines such as
Chemical, Civil, Electrical, Materials, Mechanical and Metallurgy, etc.
This theme of relationships between disciplines within a faculty, and
indeed between faculties, will recur later in the report in subsequent
discussions.

Of the ten topics on which CODE setivout 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 paramount 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 PhD candidates will be limited by the availability of-high quality.
entrants. The relati7cly small numbers of Canadian gteduates 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-
technology support. An under-supply of PhD graduates in engineering would
not be in the best interest of society. There is clearly no evidence of any
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over-supply because of the way engineering graduates at all levels are
seen to diffuse widely through industry, commerce and -government; there
appears no prospect of this becoming a problem in the future.

CODE realizes the importance of maintaining up-to-date knowledge
of positions taken by the PhD graduates of. the Ontario Ogineering 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 has been a shift in the area of
employment of engineering PhD's towards industry.

In the light ofthe consultants': analyses, and of the appended data,
there iSne need for quotas 'or ceilings on doctoral students. CODE will
continue to report on the number and origins of doctoral students in,he.
various engineering schools, on an annual basis.

Quality Emphasis

(a) Admission

CODE is pleased to note that the consultants have agreed that high
admission standards to engineering doctoral programmes generally
prevail.

CODE, 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:sUljericir
ability in research, deSign and innovation in their poSt-baccalaureate
experience.

CODE 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 for
this to happen there must be an objective of "high standards of
excellence with emphasis on quality".

(b) Programmes and Faculty Facilities

CODE recommends that totally independent and representative, bodies
continue to OVer$ee negotiated development grants and the. formation of
centres of excellence. These are matters better left outside the
jurisdiction of such a body as CODE.

(c) Undergraduate/Craduate Programme Relationship

Coin supports the contention that, the continued existence of a live,
up-to-date undergraduate programme requires the backing of a good
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research programMe and participation in professional praetice 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.

gtality Indicators

In addition to the observance of university regulations, and the use
of high calibre external examiners,,the observed career performance
of doctoral graduates can be used as a 'quality indicator'.

Critical-Size for Doctoral Programmes

in order to be viable, a PhD programme must provide a sufficient
range of interaction for the student. He must be exposed to enough faculty
members and enough other students to provide adequate breadth of
experience and instruction. The adequacy of this-breadth cannot be judged
exclusively by the size of the department in .which he is registered.

The ACAP assessments, by being completely vertical, miss the rich
horizontal components which can and do nourish and sustain., viable doctoral
programmes in both small and large departments and faculties. Resources
from other divisions of the university, other engineering departments,
industry and, indeed, other engineering faculties must be considered in
any realistic analysis of PhD programme viability.

4

Size is not.a sufficient criterion for judging whether a.school ,ran
offer a PhD programMe; there is no apriori,reason why a small school
cannot provide as satisfactory an environment for the student as can, a
large school.

Engineering in the-Wider Context

CODE would draw attention to the need to view the totality of the PhD
programmes in engineering not just in isolation, but also in the context
of other related disciplines; e.g. physical, life and social sciences.

To progress technologically 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 heed 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.

Re-SearCh'Emphasisand Relevance

As a result of the ACAP Engineering Assessments, there is now readily.
available information about research projects underway in all the.Ontario



Engineering Schools. The system would have profited more had the
consultants commented in detail on this information and offered
substantiated specific advice on the topics of,emphasls and relevance.

CODE feels that PhD programmes in engineering should be flexible
though to cover a broad range of topics. Research activities could and
should range from mission-oriented research of an, immediate and perceived
social or industrial relevance through to very fundamental or basic
research. The overall thrust of PhD research programmes should be-towards
advancing fundamental engineering knowledge required for the solution of
present and future engineering problems.

CODE also feels that a plurality of sources of research support is
a relatively effective means of ensuring that a.broad spectrum of research
activity is undertaken within the engineering schools. The existence of
a variety of granting bodies, with a spectrum of interests represented,
including a significant academic component, appears to be an effective
method of control.

1-ZglilfSu"tfidents
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 S4pport 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 ofliving and salaries .offered
by industry to engineering graduates makes it even more urgent that immediate
action be taken to increase the support .fur 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.

Pa ime/Non-Resident Vork

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 shoeld normally
he by end-IVidual arrangement. Phis would not, of course,. preclude special
arrangemeets.between a reseaicb institution or industry/government laboratories
and a }articular university or universities.

inter- tiniversit Activities and Facilitatin Mehanisos

COPE 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.

. of the_PhD in Entrepreneurship

CODE feels that entrepreneurial activity 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 ACA' 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 he 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 ENCINEERINC DOCTORAlE EMPLOYMENT SITUATION OCTOBER 1973

In November 1973, mewburs of the Committee of Deans of. Efigineering
of the 4Lovinee of Ontario againsRpplied data on the status of their.
engineering PhD graduateS during the period November 1972 until October
.1973. The results are 'compared in "liable 1 with those for 1972.

Again this year, the majori!), of the graduates were in Chemical,
Civil, Electrical and Mechanical Et3ineering. The total is up substantially
to 177 frow 124 in 1972.

Unemployment is up from one in 1972 to three in 1973 (approximately
1.7,1 of the total).

Approximately 17::. have left Canada, which is the same .as for previbus
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 employee In Canadian universities is up to
26%- from 212 in 1972. This has been accompanitA by a decrease in post-
doctoral. fellowships from 23Z to

The overall conclusion is_ that there_ is still .no serious unemployment
among recent Ontario PhD graduates in Engineering despite predictions to
the contrary. In fact, a healthy trend toward,!..their increased utilization
in Canadian industry may have been -established

December 13, 197,3.



O
N
T
A
R
I
O
 
E
N
O
I
N
E
E
R
I
N
C
 
P
R
4
D
 
E
M
P
L
O
Y
M
E
N
T
 
S
U
R
V
E
Y
 
1
9
7
3

T
h
e
 
e
m
p
l
o
y
m
e
n
t
 
s
t
a
t
u
s
 
o
f
 
o
n
e
 
h
u
l
d
r
e
d
,
 
a
n
d
l
n
i
n
e
t
y
-
t
s
c

g
r
a
d
u
a
t
e
s
 
w
i
t
h
 
P
h
D
s
 
i
n

e
n
g
i
n
e
e
r
i
n
g
 
f
r
o
m
 
O
n
t
a
r
i
o
 
u
n
i
v
e
r
s
i
t
i
e
s
 
d
u
r
i
n
g
 
t
h
e
 
p
e
r
i
o
d
 
N
o
v
e
m
b
e
r
 
7
2
 
t
o
 
O
c
t
o
b
e
r
 
7
3

w
a
s
 
d
e
t
e
r
m
i
n
e
d
 
i
n
 
N
o
v
e
m
b
e
r
 
1
9
7
3
.

E
N
G
I
N
E
E
R
I
N
G

D
E
P
A
R
T
M
E
N
T

O
R

D
I
S
C
I
P
L
I
N
E

v >
, 0 ,4 P
i c :
a

1
9
7
2
 
1
9
7
3

t
v

i
c
i
,
-
4

R
 2

?4
7
2

7
3

1
.
0 so

.4
 a

a.
 -

,
.1

A
7
2

7
3

4
.,

l
o its

1
o 

s, IS 7
2

7
1

'

.,
...

4

V
 v

4
4)

N
O

-

>
,

s4
a ii 7
2

7
3

M
k 

P.
0 

4,
4

44
' .

0
t.1

at
t

o 
a

13
 4

2
4.

1 
r4

t
 
1

P.
 Y

.
7
2

7
3

A
i

%
,4

.

s .4
e ti' :2

 3
7
2

7
3

0
'

a
7
2

7
3

i
i

7
2

.
7
3

A
e
r
o
/
S
p
a
c
e

-
-
-
-
-
-
-

-
-

1
3

-
-

1
3

4
1

-
-

6
:

7

B
i
o
 
-
M
e
d
i
c
a
l

-
-

-
-

-
-

M
I

M
r

O
M

M
a

11
.1

.
A

O
O

S
00

IV
O

0

C
h
e
m
i
c
a
l

-
,

1
-

-
4

L
 
3

1
3

7
5

7
5

3
2

4
'
4
'

2
6

3
1

C
i
v
i
l

-
1

-
;
'

2
5

3
1
4

6
5

9
7

5
3
0

3
9

C
l
e
c
t
r
i
c
a
l

2
-

9
2
0

2
5

1
1

1
5

4
9

1
-

3
1

4
7

I
n
d
u
s
t
r
i
a
l

-
-

2
-

1
-

2
-

-
-

-
-

-

M
a
t
e
r
i
a
l
s
/
M
e
t
a
l
s

-
-

1
6

1
3

2
2

-
3

-
-

5
1
5

M
a
n
a
g
e
m
e
n
t

-
-

_
1

-
-

1
2

-
-

-
-

-

M
e
c
h
a
n
i
c
a
l

1
-

.
.
.
.

.
.
.
.

4
9

6
8

1
1

2
7

2
1

1
8

3
1

M
i
n
i
n
g

-
-

-
-

-
-

-
-

-
-

-
-

-
-

0

P
h
y
s
i
c
s
/
S
c
i
e
n
c
e

-
-

lif
t

-
-

-
*

-
-

...
1

-
-

-
0

S
y
s
t
e
m
s
 
D
e
s
i
g
n

-
-

-
-

-
-

-
1

-
-

-
2

-
1

0
4

T
O
T
A
L
S

1
3

2
1

2
6

5
8

1
0
 
.

1
6

2
4

4
6

2
S

1
1

'
1
9

3
1

1
2

4
1
2
4

1
7
7



14-8

APPENDIX R

Comments on CEMC Report

.."Svpply and Demand for Engineering Doctorates in Canada" (July 1973)

Submittpd by the Committee of Ontario Deans ci 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 tindeed; where qualitatively it is not possible ta 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 he 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 elearly'enuncizAe', and the assumptions
stated. Nonetheless, projections have been made oh 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 are 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.
TL1rdly, there is further indication that advanced admissions (through
the stop-outs returning, through technology graduates admissions, etc.)
are increasingly important in enrolment projections.' None of these
has been clearly taken into account in this repori. 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
CLCIT's in Quebec in parLicular, as well as of the CAAT's in Ontario,
is yet to be clearly perceived, let alone settled into a measurable
or stable influence.



1.. The two data bases selected fog examination were the number of
master's degrees and the nuader 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 resport as one for which no data was
available - which ignores one fully-documented part of the system, the
Athlone Fellows.

1.3 The utilization of the baccalaureate/doctoral ratio as a4lata 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 Canadian 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
work, 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 overcr..-.3 degrees, particularly from
Asia. Many of these atudents from overseas have-been.or haVe become,
landed immigrants, have stayed in Canada and have taken jobs as PhD's.
These jobs have been available, they have not been taken up by
Canadians Who seem to have ,preferred to enter the work-force earlier,
immediately after obtaining 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's° 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 make them feel that the sacrifice is worth it. For the near
future, unless the proportion of Canadian bachelor degree:graduates-
cho, ing to undertake Phi) studies changes drastically, the numbers of
qualified applicants coming forward will certainly decline. At the
same time as the gtarinate 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
the CEMC"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 4,50010 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
universities. This must be viewed in conjunction with the situation
in the U.S. where undergraduate enrolments in engineeting have fallen
very sharply over the. last fewyears 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 not on the
methodology, elements of which have been discussed above, but on the
basic data used in the calculation steps. Without examination of each
and every set_of data used, it can nonetheless be indicated that the..
rather complex combinations of undergraduate enrolment and-graduation
data from Statistics Canada, from EIC enumerations, from the "Ring
of Iron" for Ontario leave some inconsistencies. The number of bachelor's
graduations and of doctorates were obtained only to 1970-71, while the
number of master's degrees were recorded for 1971-72. In view of the
rapid build-up in Canada of doctorate degrees (from. 78 in 19q-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 stages of comparative actual data.

2. 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 ACA' consultants
in the five engineering fields assessed. Our criticisms encompass the
major elements 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' use of a model for the estimation of future demand
in the educational sector is deceptively attractive. Essentially,
their medel was based on a staff-student ratio as a base, adjusted for
retirement, mortality and migration. They concluded that to 1977-78
(at least) the demand for engineering doctorates would be essentially
zero, and then admitted "this will not prove to be an accurate
scenario". They then rest. their case that in both universities and
other educational institutions, the demand will be "minimal". In the
diCtionary sense Of the least attainable oft,extremely minute in size,
it is difficult to read into this other thad'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 Government 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 far too narrowly cast. In the
government area this is certainly true regarding the narrowness of
definition used. In the industry area it includes not only that
limiting factor, but became subject to both incomplete data through
using wrong sources, and through important omissions. Xo some degree
the consultants were well aware of these deficiencies, but were
obviously more conscious of them for the forecast demand data than
for the stock data - where equally gross errors and omissions seem to
have occurred. One example of such an error is in the stock of 52
in 1973 attributed to AECL, compared to the 90 actual in 1973 as
provided by the Metallurgical engineering consultants in their report
to ACAP. Other reports to ACAP specify other examples.

It 16 hard to escape the conclusion that the inadequacies of the demand
survey are far greater than the consultants envisioned, and their
errors of omission are much greater than they estimated.

1.' General

3.1 Edurational Planning and Manpower

WhaL appears to be a basic .premise of the report as contained in
paragraph 1 on page (1) 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 nut 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 hearguedthat toe marked a.distinetion.has been drawn.
between what is educational and what is vocational. Recently. this
has,been convincingly stated to be one of the major misconceptions
in higher edndtiOn. planning*. The danger. in assumingthat 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
tact that vocationally oriented education is not wasted if it is not
used in the specific vocation toward which it was directed. As Bowen*
state,. "It is.no.mark of failure, rather a mark of success, that
education - even strictly vocational education - has wide applicability
and produces flexible and versatile people". The PhD graduate even
if he takes a vocational route initially. may well very soon find
himself in positions where his PhD can be regarded only as part of
his general education or as a contributing factor to his intellectual
development or problem- solving ability. It is not ifficult to give
examples of this "diffusion" of PhD's though a "vocational" _period.
to poSitions of quite different responsibilities- in industry,
governments and the universities. The consultants gave. careful
at 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 projectiona. 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 demand.:
equal appreciation.

3.2 [he Supply and Demand Balance

Ihe report in its final results and concinsiens 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 influence both
their supply band prolection;$"nd their demand band projection, including
the possible effect of their7own report. We acknowledge this datmer
and can only hope that it cah be minimized by vigorous emphasis both

h. g. :Bowen, "the manpow.2r vs. the free-choice principle", University
Affairs. Jan. 1974.
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on the limitations of the report's projections but also on the
countering,evidence as it accumulates. We have indicated some .

of the aspeCts of both the supply and theAdemand projections 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 be able to take into account any but the very short-
termsckill requirements of the-economy. The evidence is quite clear
that our sticiety hae an enormous amount of work to be done with a
lack of sufficienttskilled manpower to do fit. We would claim that.
the adaptability of doctoral graduates in general combined with the
adaptability .of' economy results in:a surprisingly_ pod balance._
The Ontario experience, well documented now for four years, indicates
essentially no unemployment o: 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
acceptanee'of a current balance, which does exist (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 presint an entirely different picture.

We should rise:aboVe our national tendency to be cautious and
pes3imistic, rerognir.e that even a MI maybe viewed as vocational or
educational (hopefully both) according to the graduates perception of
the market-place, alternative opportunities', his 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 the CENG preliminary report. We have so little.to.gain and so much
to,Jese by taking such an approach. We need to display more optimism
and confidence in ourselves and in the ability of highly educated
manpower to seek out and create opportunities and to raise the level
of some existing positions both ingovernment anciAndustry. 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

.

shared by our federal and provincial governments. We will need this
spirit .if we are to move into an era in Canadian industry where
increasing sophistication and high technology become more and more
necessary.
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NOTES

Re: 1.1

Entrance to engineering was Assumed constant on a demographic hose,
i.e. 0.5% of male population age 15 to 19; and assumed unchanged
entrance requirements.

Re: 1. and 1.3

The greatest danger in assuming the validity of a stable B/D ratio
for projection purposes resides in-the fact that the doctorate figure
For the last decade includes a very large but unknown number who
did not come through the-Canadian baccalaureate 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 BID ratio could usefully be
established when the D'number arises almost entirely from the B
stream. Such data have not been collected.


