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deans of Engineering

This report deals with a planning study of doctoral work in
envincering, which was conducted in several portions corresponding to
the variouws disciplines within engineering. The report fu in six volumes.
Volume A deals with chemical engineering, B with electrical enpineering,
¢ with mecallurgical and materials engineering, D with mechanical
cagineering, F with industrial engineering, and F with civil engineering.
Fach volume contains the COU and ACAP reports for engineering as a whole
together with the consultants' report and other material appropriate
te one of the disciplines. The €O report will be in three parts: Part 1
dealing with the recommendations approved in .lune 1974 and dealing with
mast of the fields, Parts IT and 1T1 to appear later dealing with
mechanical and industrial engineering, and with ¢civil engineering
respectivelve This volume, printed in the summer ot 1974, contains anlv
rart 1.



FOREWO YD

As a consequence of a study of engineering education in Ontario (described
in more detail in the subsequent ACAP report) the Council of Ontario
Imiversities called for a planning assessment of PhD programmes in
‘-gngingerxng to b; carried out by ACAP in caﬂperation with CODE.
. ‘

The Advisorv Committee on Academic Planning (ACAP), as presontlv
constituted, was established by the Ontario Council on Graduate Studies
at the request of the Council of Ontarie Universities in January, 1971.
The Advisorv Committee's terms of reference were directed broadly toward.
the effective plauning and rationalization of long-term graduate
devaelopment in O1tario’'s universities both at the level of individual
disciplines and ut a more general level. The Advisory Committee's
activities are based on the premise that graduats .ork is the one area
of university activity in which specialization ar.:¢ universities,
cooperative arrangements and comprehensive plammir: 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 plamming 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 commentarv on the consultants' report.

The final decision on consultants for the planning study is made
by ACAP. The consultants are requested to make recommendations on
programmes to he offered in Ontario, desirahle 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 i{s the single largest element in the
final report on the planning studv, 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 planning
studies carried out by the Advisory Committee on Academic Planning and
to be published by the Council of Ontario Universities. The emphasis
of the report i< on forward planning, and it s 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 Untario Universities
conseil des Universités de §f0ntar£n

Report and Recommendations
concerning Doctoral Studies
in Engineering - vart 1

Un the instruction of the Counecil of~Qntarxo Bniversirieo, the Advisory Commitcue
on Academic rlanning, in coeoperation with the Committee of Ontario Deans of Engin-
vering, has conducted a planning assessment for doctoral work in engineering. This
arose {rom the need to re-examine thlie recommendations concerning t'hD) work which

~ appeared in Ring of Iron. The background to the study, the procedures followed
..and .the planning techniques used are described in the ACAL report and are not repeated_
hare.  The resultant report from ACAY 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 i{s 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 ACAY 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.

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

1. piscipline assessments by ACAY should form the basis for planning by
the universities of their development of graduate studies, particularly
JhD 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 Iimplement 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
assvssments 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 tu make decisions concerning its support of graduate programmes
in these arcas. Amendments to university responses to the individual
discipline planning assessments may then be made in the wider context of
a group uf related disciplines and amendments fo COou's oripinal Reports
on an individual discipline may be required.



Thé»iirSc\eonee;n in planning isftc«:eviewxgéé‘qﬁalityaf‘grad#a:e
opportunities and: of students in Untario ufiiversities and to make

.o judgements about how to proceed or not proceed based on quality

considerations. The. procedures have made use of highly qualified.

;_L_indepeadent consultants who have no direct - interest in the unJVcrsitiw
in Ontario. Accordingly, COU feels bound to: accept their judgem&nts

L. about quality-where they are stated clearly unless unconvinced that
- their conclusions about quality are consistent with their evidence.
,LOU’* recommendations in the case of programmes which are of unsatis-
factory or questionable quality will call for discoastinuation or.the .
- carrying out of an appraisal, if the continuation of the programme;
1s .not ¢rucial to the province's- offerings. .In Some cases, however,

‘there may be a particular need for the progr&mme»and the appropriate

* rocommendation will be to stremgthen {t, with an appraisal following

© 7 that action. Ir is also possible that if there were found to be

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

3 more limited programmg might be relevant.

-

" A second cnnsideration is the scope of opportunities for graduate

work in the discipling.. Do the Ontario programmes together offer
a satisfactory COV§rage of the main divisions of the discipline?

Nnﬁbérs 6f 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 reasopably 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 incomsistency between a reasonable estimate of
need and the universities' plans, then COU will take note of the facts
without making recommendacions on the subject of numbers.

If the numbers being plaunud for by the universities are grossly out

- of line with the antfcipated 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 inatitutions should . increase, decrease, or discontinue.. The
recommendat fons in serious cases may need to specify departmental
figures for each university for a time. If the numbers being planned
for are insufficient, the recommendations may call for expansion, or
new programmes, and may have implications for both operating and
capltal costs, ' o

I'nless there are exceptional circumstanceé, the recommendations
concerning enrolment will .mot 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.

R PR



6. Ehe quality ef graduace programmes iq partly dependent on. size, and
 for cach programme, depending .en how. {1t is designed and its scope, S
there is.a minimum size of enrolment below which.quality may.suffer. = .
That number cannot be. expressed for the discipline as a whole: but '
only for individual programmes depending on their purpase, their
reﬁourcaq and fheir design.“__w_n"

s

7. ‘__&niwrbnieb Wil be expected to ‘aOEifs COU if they intend fo deparc
from the COU Report in any way which they helieve might have a signi—fﬁ_
figdn: bearing on the provincial plan. | : e S

8. prpraisala arising aa the resu&é‘af asaessmencs a:e to te based on the‘—:ﬂ ?~-A o
standards but not necessarily the scope uf the acceptabla p:ogrammes
: in £hv province.. S . .

_General obaervations conCLrniquengina g°d0ctofal woik

‘aq;;J,Untario is unlikely to averwproduae engineering "s in the next. five

" _years.  However,. the student body contains too rge a proportion of pon- R
Canadiana. Qualified'canadians should be encouraged to seek the eagineering.
"jzhﬂ. L : ‘ ‘ L .

”71'2.‘»Doctoral students should be selected on the basis of high ‘academic standing

©. o .and research potential.

R A f”!nbr;eding“ is a problem, with many students obcaining three degrees from o
' one university.

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

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

5. The scope for inter-unLVErsity and university~tndustry cooperation is

comsiderable and should be exploited.

6. The quality and state of devéiopmen:“of the Ontario doctoral programmes are

variable. Some are very good and have gained international reccgnition.

_ 7. ste univ&fwiliﬁs are organizing (or reorganizing) doctoral study on a

‘division ot specialization other than that provided by the "rraditional"
cugineering departments. In two of the smaller faculties this is a central
factor in the planaing, but increasing cross-departmental activity is also in
vvidence clsewhere.

 actions by COU . | | '

- 1. CoY has abandoned a planning number of 450 doctoral students and advises

the universities to plan on the assumption that the doctoral emrolment will

" remain roughly constant for the next five vears. Although there is a need
for engincers with doctorates in Untario, graduate student emrolment will .
level off duce to a lack of top quality students. .Canadians must be attracted
in increasing numbers in order to maintain enrolment at the present lcvel.

<
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'LOU requgsts that CODE’ repurt anhudlly Lo COV on enrulment and” employment

’opportunitieq.

deH rﬁquepts that. ALAx arr&ngc tur ed&h eugineering discipllne &xeup.,“g‘

1) to monitor annually the :admissions experience of cach prﬂgramme (pv&t
facto) apd repart.on the qua}itv'ot the admitted studentb itu ALA: fur

"trdnqmission to LOU),‘ T R e | _ B ‘, SRR

'f£?¢--tu rcpurt Jnnualiv to. ALAx ‘on the universities pt?Viﬂuhly Jttended by
. }Lhe nvwly &dmitted hraduate students of earh department. :

}iUL rcqucxta LUHh, th;r Lonsultation with the ﬁisciplinc xrﬂupb, tu develOP

- pruposals for collective muthudb of making intormation on. graduate work in

Lo -inform ACAP of the action :aken.

all Untario aniversities readily 4vailable to the engineering htudents ahd

LUl TCQULsLh OCLS to examine ;qutinh unLVersity guidelines on part time

o doctoral work and its bﬂpﬁf“iﬁiﬁn.

el

LUL rcqueat that ALA: arrange fur an annual report. to QLGS from each uﬂiversitv

an thL time taken for cach graduatinb student to complete his doctoral SCudiEhs“

Lar requcsts ACAr to ewamine the avalldble documentaticn on civil~eﬂsineering,
to reach its own. judgements on the basis for a repert, after soliciting assist-
ance from the discipline group and the umiversities, and to prepare {ts report

" Tpo col contalning recommendations for the future of civil engineering doctoral

WOTK « Thxs should be aubnittud by December 31, 197&

COU requests that ACAY arrange for the. metallurgic&l and materials ;nginecring
discipline group to present a report to ACAL on university actions taken to
correct identified weakness in certain fields of study. :

3urummvnddtiuus

it i rcéommen&ud that:

i‘I

iniversities, CUDE and discipline groups take steps to inform potential
candidates of the value of a-Phb in many phases of governmeat and industry,

not only in rescarch and Jevoiopment. The unlversities, individually and
vollectively, through agencies such as CODE, shoul:d discuss with the industrial
and governmental emplovers steps Lo bv taken jointly in order to overcome the
shortage of Capnadian students.

[he universities attempt to maintain the sitvation where Canadians and landed
bmigrants constitute at least 704 v Lhe dJoctoral enrolment in any programme,
at any one time, cven though  the number of landed imeiprants may decrease.




RS 2

3. The universities, the provincial government, and granting agencles examine

. the extent to which the limit to studsnt income deters Casadians from entering
- graduate wark. Means.of euppicmcnting the in;ome of professionally experienced
-fbtudents 5hauid be c\dﬂiucd. : :

f‘qf“ AII dogturgi lhcsla examining committees haVe an examiner external to the c
' university, |
9. fAL pfthcni‘ (here ot b any specific engineering doctoral part-time programmes
but rather that part-tine or non-resident dectoral work be dome by individual
@rrdngrmunt{ Experimentation in methods of qar:ying on part-time work is to
be encouraged. wid might lead. in future to.the creation of specific part-time
';[ptuhtamne». It is also recommended that the vesearch topic of any student
qecepted on a part-time basis be in a field in which the professors in the

departaent have expertise.
”

University Recommpendat ions.

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

it is recommended thaté

6. The University of Western Ontario continue its examination of its [hD
programme in enbineering science, and put forward the resulting programse for
appraisal, in particular delineating carefully the areas of research in which
it tecls it appropriate to accept students. If a favourable appraisal
is not obtained by the end of October, 1976, adnission of new students should
then be suspended. :

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

3. The invelvement of the School of Engineering in the hydrology doctoral programme
at the iniversity ot Guelph continue and that the university begin doctoral
S work In agricultural engineering at a time in accordance wiLh the un1Vurbity
plans, subject to normal appralsal procedures.

Chemical tngineering

Tiis scction deals with doctoral work in chemlcal englneerinh at McMaster, Ottawa,
- D
e L, lerento and Vaterloo, ‘ : c :



. Lt is recammendgd that.

19; "1hL depattmgnts gqnsidcr gruuping their research activities in wellvdefined
 areds so as to establish or reinfurcu teamb, thus providing a-more stimuldtingv
. .environmeat - far studgnts.-~‘ T S ST .

: 10},,chascer Univer»ity cuntinue xts dacsoral wnrk in cheminal enhineering angurd-
' linh to its plans. ‘

“1iQ 'Ihe UnivarQIty of Gtadwa continue its doctnrai programme in chemicai engineering
: dggdrding te its pianb.‘_ - - L S C

120 nucen 3 Univurhity rc-uvaiuate its doctoral programme in chemical engineering
o fn the light of comménts made by the copsultants concerning research activity
L qf the faculty, the grouping of research areas, the awareness of new trends
.~ in the discipline, and the mobility of its bachelor's graduates, and submit
- the programme for appraisal at the time that the university considers appro-
- priate.. If a.favourable appraisal has not. been received by October, 1976, -
- cnrolment of new students then be bUspended

=I}...The Univesbity of Toronto continue its doctorai 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 Toromto is
requested to report to COU through ACAY by June, 1975, on actfon taken in regard
to this Recommendation.

14, The lniversitv of Waterloo continue iLb doctoral programae in chemicnl
- engineering according te its plans.

Civil Engineering

The consultants' report fs unfurtunately inadequate for planning purposcs.
It is recommended that:

'3,  The embargo on the funding of any new programmes in civil engineering
continue until COU has accepted a report from ACAl dealing adequately
with the future role of eéach department in respect to the differeat fields of
: doctoral research, paving particular attention to the relative strengths and
o ‘weaknesses of vach department and the change in emphasis on fields recommend-
] "~ ¢od by the consultunts. The report should be submitted by ACAP by December 31,
1974. ‘ ’

Electrical Englacer ing - S SRR

This scection deals with doctoral work in electrical énginccring at Cafictun,
deMaster,. uttawa, Queen's, Toronto . and Waterloo,

It is recommended that:

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




,,,,,

R

"make their findings available to the granting agénéies.th #ari¢u$‘gssqgigtiQéé'“
of industry in order to stimulatea continuing dialogue with industry.

17, Carleton University: continue its doctoral work in electrical engineering
© according to Its plans. ST

JzS:'”MéMGQCUT‘U“iVé?$ity.cuﬁtinué its doctoral work in eléctrical engineering
© according to its plans. ' C - R ,

.19, The University .of Ottawa plan the reorganization. of .its docioral programme
.- in electrical engineering and put forward the programme for appraisal. If
.- “.a favourable appraisal has mot been.obtained by the end of the fall term 1976, -
Coo Adniiysion of mew stieents should cease.  In the meantime, enrolment of new
" “students should be restricted -to the digital communications systems and large-
scale svstems flelds.

- 20, Queen's tfaiverSity continue its programme ' in electrical engineering concentrating
. in the communications and systems fields, with occasionally a studeat in cognate
- areas of electronics and energy processing. Any proposed substantial develop-
ments in these latter two fields should be submitted for appraisal. ‘It is-alse
recommended that the department maintain enrolment at its present level.

33; ‘The {niversity of Toronto continue its doctoral work in electrical engineering
according to its plans.

22, dhe University of Waterloo continue its doctoral work in electrical engineering
‘ according to its plans,

H&tagjurgical and Materials Engineering .

This section deals with ductoral‘wark‘in'metallurgical‘andgmaterials enginecring
at JcMaster, Queen's, Toronto and Waterloo. .f'«\\

it is recommended that: ' ~

23, fhe universities take steps to increase the activity in the cueramics, pldsses,
and. polvmer fields of study in the province. o

24. McMaster University contlnue its doctoral programpes in materials science
and extractive metallurgy, and make a report to COU through ACAY in the fall
ot 1975 on the following suggestions for improvement: _\me)
A} recruitment of students with phys. :s and chemistry backgrounds

k) strengthening of the extractive metallurgy faculty '

¢) collaboration with the University of Toronto

_ % -

25. Queen's University continue its doctoral work in physical metallurgy
and discontinue the doctoral programme in extractive metallurgy and mincral
cnyineering as (it now vrists and replace it by an enlarped programme involving
professors Ltrom other departments. This new programme- should be appraiscd
and this should be completed by December 31, 1976. If Quecen's does not winkh



) to. cnlarhe ita prugramme in uatrag&ive metailurgy and miner&l engineering,
‘fthe present programme should be put forward immediately for appraisal,
'vcasing to enrol new students by Iune 30y JQ?S if a favourahle appraisal

. fs nat ohtainvd.

26, The University ot Torovnto continue its doctoral programmes in {ts Department
w - ef ‘Metallurgy and Materials Science. .1t is suggested that Toronto consider
‘braadeninb the programmes and it is- requested that the unliversity report to
€OE through ACAP bv Svpaumbe . 19?5 on any progress made in thiq diroction.

27, &ho Sniersitv of Naterloo continue i:s dactoral work in extrattive and pro-
- cess metallurgy and in metallurgical engineering and materials science
according to its plans.

Mining Engineering.
- 1t is recommended that:

28. vuycen's Universitv continue its docdgh?l work In accordance with its plans.’

?

~feneral
1t is recommended that:

29, In view of the acceptance of these recommendations by the Couneil of
Untario Universities and the completion of Part I of this planning
assessment, the Ontario Council om University Affairs request the
Minister to remove the embargo on doctc ral work in Engincvering (except

*.  for Mechanical, Industrial and Civil hngineering at Carleton, McMaster,
uttawa, Queen's, Toronto and Waterino). in accordance with the original
announeement of the Minister that new gradvate programmes would be embargoed
until, for evach discipline, a planning study has been conducted.

s

> —— e

Re:  Recommendations 1, 2, and 3

The background to these importint recommendations dappedry on pages 13 and 14 of
the ACAP RCﬂnrt.

Re: Ro- ammendatinn 7

Presumably the programues submitted for appraisal will be the three
divisional programmes which are repiacing the deépartmental programmes.

ket Hecommendation 16

& .
LK
utheg engineering discipline groups mav alse find this u valuable sugkestion.




‘Ré{ Reaommquation 19 - . ' . _ ' \

- ——

“This differs from the recommendation. in the ACAP Rgport because the Uniuersity
. subsequently- decided to carrv out .a re—dsseqsment of the futnre direction
‘«#ﬂftm?Mmmwmmt. ‘ : : : \ :

‘“Ré:,xécbmmendation 25

Queen' hds reportud to (UU ita xntentian to enlarge its prugramme in extractive
Vvataiiurg\. e Cee e Lo e . ,

June 7, 1974.
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I.  RECOMMENDATIONS

General Recommendatiofns. '

o

;15,gs-:ecqmmqnded.thgt_goﬁ.abAQan :he quota .of - 450 doctoral student
" enrolment in 1974-75, and plan on roughly the present enrolment for the
-next five years, assumlng greater interest by Canadian students in
" engineering graduate work. If this interest does not materialize, ‘the’
~enrolment will undoubtedly drop. In any case, it is recommended that
. CODE be askid to report annually to COU on enrolment and employment
~ -opportunitie%. ‘ ‘ ‘ :

It is recommended that steps bé cakbz to inforﬁ potehtial candidaﬁes of

the value of a PhD in many phases of government and industry, not only in -
research and development. The universities, individually and ceollectively,

through agepcles such as CODE, should discuss with the industrial and
governmental emplovers steps to be taken join;ly in order to overcome the
shortage of Canadian students. ‘ g

‘W

e ‘..‘.f':h‘ P

Lo

c3

[t is recommended that the universities mzintain the situation where
Canadians and landed immigrants comstitute at least 707 ‘of the doctoral

¢enrolment in amy programme, at any one time, evem though the number of
landed immigrants may decrease. '

Ch

- ——

It is recommended that the universities, the provincial govermment, 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.

63

1t is recommended that each Discipline Group monitor annually the admissions
experfence of cach programme (post facto} and report on the quality of the

admitted students to ACAP for transmission te COU,

26

It is.recammended that all doctoral thesis examining commirtecs shonld

have ‘an exkaminer external to the university. R ST
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[t -is recommended that cach piscipline Group and COPE- develop prupos&ls |
Tor making informition on graduate work in all Ontario universities "

creadily JVIXiJhiU o thc”“nhxne~rin% htudents, in some colleetive way
Cand faform AGAE of the action ta&vn._ Fach n?hf$§l ne tiroup should Tuport

Annudliv on thé university last attended by the grddudte studeuats in B

- each department.

Lt -ds revosmended. t u¢{ at Lhc-pre%unt anyv pdrt timL -or non- re*idcnt"‘
Cdeovctoral work should be by individual arrangement dnd that experimeatation

in titis. tepe of programme be encouraged. 1t is alse recommended that

the resedarch topic of the studant aceepted on a part-time basis be in a

fichd (in witieh the professors in the department have expertise. It is
recommended o that QOGS examine. existing university guidelines {n this area.

Sty

e is recommended that thoe universities report to ACAP (for OCGE) weich
vear on the tinwe taken by cach Braduatinb student to complete Lifs
doctoral studics.

tniversity hugummundwtionq

PO ER e it v e e+

el

{t is recommended that the University of Western Untario continue its
~xamination of its Pha programme In engincering science, and put forward
the resulting programme for appraisal, in particular delineating
carctully the areas of rescarch in which it feels it appropriate to
aceept stodents.  In case a favourable Apprdisal iy not obtained bv
dctober, W76, admission of noew students should then be suspended.

el

[t is YCLUImWﬂdUd that the University of Kindsor continue the YLdl&QnL“ALIOH
af fts o Jdocraral works in enginecring and submit all programmes (presumably
titese will Lo the threoe Jdivisional programmes which are replacing the
lepartmental programpes), for appraisal when the new system has been in
operat ton sufficientiy tong to permit o valtid appraisal. Parelmoent of

new stwlents siwould cease atfter October, 1977, if a favourable appraisal

an et been obtuained by that date.

Y

—— ' o L

ft is recommendod that the involvement of the School of Engincering in
the hvdroloey doctoral programme at the University of Guelph continue and
tihint the University begin doctoral work in agricultural engincering at a

dinetdn cacesrdance with tthe tniversity™s plans, subjoect to normal appraisal o -

procedures.
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Chemical I‘Zﬁgi neeri ng

lt iq re£nmmnndud :hat the dnparcmenta take note of the consulténts
r¢commenddtion 10 td group research-activities in well~defined areas .
80 a§ to gstablish or reinforce teams, thus ptoviding a more stimulating
- en\irunment for students.

N

lit s rx~ommundcd that ﬂLMAster bniversigx;continue its doctoral wcrk
in thmiLdl engineering according to its plans.

vis

1t is recommended that the University of Ottawa contipue its doctoral
programme in chemical engineering according to its plans.

uié

. , -y

1t iy 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 disciplipe, and
thie mebility of -its-bachelor's graduates, and submit the programme for
appraisal at the time that the University considers appropriate. 1f a
favourable appraisal has not becn received by October 1976, enrolment of
new students should be suspended at that date.

€17

It is recommended that the University of Toronto continue its doctoral ‘
programme in chemical engineering according to its plans, paying particular
attention to Recommendation C7 regarding mobility of its graduates and to .
Recommendation €13 concerning grouping of research areas. 1t is recommended
that the University of Toreato report to COU through ACAP by June, 1975

on -action taken in regard . to this Recommendation. =

\18

It s IELommﬁndcd that the‘Univerbity of Waterlco continue its dOLthJ]
programme in chemical engineering according to its plans.

Civil Engineering

19

-1& in rttommendci that Gh?‘?ukomuknd thc Cu LLﬁuanLc of the embargo on the
fundinp of any new prugrammcs in rivil englieering until COU has accepted



4 Masciplfae uznu! r(pnr;rhlein, adeguatelv with the xuturL rule u:

L eaett department in respect to the different fields of doctoral tgaedrch,
Upaving particular attention to the relative serengths and weaknesses of |

cach. departaent and. the ehnnge incmphasis on fields. recommended by thc‘

T.;unsuiLAnts. e erurL shuuid be. submitted to ACAP by December 31,
19T AL : Co - '

. _i_._i&ft(-fil.‘.“&f I.nﬁineering s e

520‘=

. IL is rvkﬂmmﬂﬁdﬁd th&i thg Dzauzplinn Lroup annudlly ldentxfy chuse
,,argdx uf UchtriLdl eagineering wnich they consider relevant to the .
- present and future seeds of Canada and make their findings available

to the granting agencies and various associations of industry in ordgr

tosrisuglate avcontinuing dxdluguc uith induqtrv._““”

Ll

IR

It is recommended that Carleton University continue its doctoral work
‘ . ¥y

in electrical engineering according to its plans.

.22

It is recommended that Wgﬁdntcr University continue its dugtural wurk in

- vlectrical engineering ALLUrdth to its pluns.

v
It is recommended that the University of Ottawa continuc to offer a

doctoral programme in electrical engineering restricted to -theses in

digital communication systems and large-scale systems. This limited
Oropratige is to be Apprdxsed as spon as possible. Enrolment of new a:udcnts”
should cease as of pecewber, 1975 1f a3 favourable appraisal has not heen
abCained,

It is recommended that Queen' lnivchiCy continue its progrdmme in ulectrxcal
eng ineering concentrating in the communications and systems ficlds, with
secasionally a student 1o cognate areas of electronics and energy processing.
Auv proposed substantial developments in these latter two fields would bhe
submit ted for appraisal. It is also rccomandcd that the. department maintain
earolment at its prosent level

TN

Tt is recosmended that the Unxve:sxtv of Toronto continue its dectural work
in electrical onuinﬂer}ny 1r<or&inv to itﬁ‘plunsh
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T . it ib reL@mmendsd chat :he hniverslty_ot whtarlou continuc ita doutarnl
e wurk in ele&trical engineering according to its plans.x,= N

Wechani«al fnginéeriqg
ST

».‘;-;

LZ( g {.
Sl Lc is rexommeude Trhat Larietoni*ﬁgﬂapter 4né Queen £ Lniv;:sities tQBCiBUc
: their doctoral. prchramaeq in. mechanical engipeering. and during the Loming J
_— v wvdar’ hiVL gdtcfﬂ} uonsiderztion to the fLabibility of a ‘stronger dLleupmeut
‘ 1 of foci ufmierest in the speuidl areas of. “strengths suggested by the.

_ ;an~u121n Yhe Universities are. tequested to report to COU and Ques,
thruugh ALAP;_during the Fall.of. 1975, “on tle resulis: of these tunbiderdtiunhﬁ\ e

g A

'gIt is r;«emmeﬂdud :hat, 1f tha Univeraity of Uttawa wibhas to ruartivatL '
a dvetoral programme in.mechanical engineering, it give careful consider d(ion
to aiiowtnb_}ome ¥ ther maCur1ng of the éepartment before applyins for
‘appraisal. Q\\ .

i '1& is re‘ommgndod that the tniersltv of Toronto cuntinue its doctoral
Cprogrammes in mechanical enpineering in its Department of Mechanical
S fnaineering and the Department of Acrospace Studies and. hngincering.
S ACAP suggests that- the University consider the consultants' recommendation
_-wf a greater cuncentration of research activities of the Department of
Mechanical Fnglneering on major problems of national concern.. It is
recommended that the Lniversity inform COU and OCES through ACAP, during
the Fall of 1973, of any decisions taken.
f
3(} P
It is recommended that the Vniversity of Waterlos continue its doctoral
srogramme in mechanical engineering. ACAP suggests that the University
consider the vonsultants' recommendation of a greater concentration of
research activities on major prohlems of national concern. It is
recommended that the University inform COU and 0CGS thrdugh 'ACAP, during
the Fall of 1975, of anv decisions taken. : '

Yetallurgical and Materlals Fagineering v R ‘~ff

TM . % (-.S‘I_- ..

Coew e Tt is recommended that the wniversities take note of the consultunts’
recomuendat ions 1, 25 3bh and 3¢, dealing with the weakness. in. ccrtazn
Srel i oof stady in ot peavinee ond that the biscipline Group repott
to AGAP o any action taken in consequence of these recommendat ions,

U O S o e i e @ e e Lt
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Ty s rﬁgummendgd that Wg!JStL:'UnngrSity continue its doctoral -~ Y
;prugr;mmu s in materfals science and extractive metallurgy, and notinb N
thvi~rrcngth attr{buted to these prohrdmmes by the CGﬂS“lt&ﬂtb, make

Lmvruvemvnt. .
A r;gruxtment of atud;uts wlch phybicsﬂand chemiﬁtry baukgrounds .
'é,,’ atteﬂgthcﬂjng uf the excraﬁtive metallurgy faculty

G rni}abgrationﬂwith-TprenCQ;-uf-’
RALE

it-is r;;ummﬁndcd thdc gueen Univ@réigx!ééntiaué iﬁs doétbrai WQrkﬂ‘
in physicai metallurgy'and discontinue the doctoral- programme in o

¢xtractive metallurgy and mineral’ engineering as it now exists and. replace L

it by an. enlarged ptogramme inwelving prafessors in ather depa:cments as.
supgested in the consultants' report. This new programme should be

. appraised ind this should be completed by December 31, 1976. 1If Queen's: -
Joads ot wish to enlarge fts programme in extractive metallurgy and mineral

 engineering, the present programme should be put forward immediately for
Tappraisal, ceasing o enrol new students by June 3o, 1975 if a favourable
-".x*prtisal is nut cb:ainvd

o —

It is recommended that the University of Toronto continue its doctoral

' programmes in its Department of Metallurgy and Materials Scienmce. 1t is
supposted that Toronto give careful consideratienm to the consultants'

" orecormendat fons concerning broadening the programmes and it is recommended
tivit the University report to CUU through ACAP by September, 1975, on any
ar wress made in this direction. :

30
1t is crecommended that the University of Waterloo continue {ts engineering
dootnral work {n extractive amnd process metallurgy and in metallurgical
ciasoimeering and materials science according to its plans.

Minfng Engineccing

e

it ois rognmmgnded Lh?( Qﬂc*n E) Lniv;rsitk_continue its dOLtOtdI wurk in
mintny engineering in accordance with its plans.
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lt is recommendud that the Univerbitv-or faronto Lontinue its' dcctuxdi

work in human- factors oﬁgine ring, mandgement informatiun systems and
uprrdtinnh ruse thh. ‘

s id

. - PR R . ae .. . o i . - - B N
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AL dwe rupummnndgd Lhdt the iniv;xbitv uf thgrloo con:inue ita doutoral

progrdmmc in h}QtLMS dusign.
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In Juae, 1968 ;hu uommi:tee cf Presidea:s of the UniVersities eﬁ

T . Ontariv,  after a meeting wich the chairman of the Committee on Z‘v.
f—- Luiversitv Affairs. decided that. a comprehensive revleu af engineering
O educat fom in Ontario shoald be undertaken. . The Committee of Ontario .

» < ~ Deans of. Ensineering {CODE) wgs requested to draw up plans for such
: . a.study,.-and this. propcsdl was. approved by the Committee .of Presidents
. on November 15, 1968. ‘The . objective was to create a master plan which
N could: be used as a guide for- rational grawth of engineering Lducation
* during the 1970"s.” Suchia’ plan: should endeavour..to provide for the™
highest attainable quality, the. best use of resources, opportnnity
for. innovation. and. maximmm fteedom af cholce for students.<<- :

5""1

iThls study culminated in the repart Ring of Iron prepared by a commission i‘T |

" *chaired by Philip Lapp

-The regext waa raceivgd by :he Cammi::ee of Presfdents in January, 1971.
A ptocess of- review of the :eparc 8. recommendations was established '
CODE prepared-a brief based on statements of views submitted by
. each university concerned and by each Faculty -of Engineering. -Briefs
- were prepared also by the 'Ontatrio Council on Craduate Studies (0CGS)
. and the Association of Professional Engineers of Ontaris. On e
““Qctober 5, 1971, the Gouncil of Ontario Universities (COU) considered
Ring of Iron and the briefs and p:epareA a statement of recommendations
to the universities and.tu‘CUA.H},‘ N e

LOU’aLcepted.a number of the Lapp recompendations without thdﬂgev others
with amendments and rejected some. Broadly speaking, the recommendations
to do with undergraduate matters vere accepted or modified slightly.
The graduate area of the-kgpor: was more controversial, but here also
some recommendat fons were accepted. The mogt significant of the
rg(ammunddtiOﬁs gancarning graduate study, as appruved by COU, arc:

”The criteria of acceptability of graduate dehrees in Lngineering

should be recast in.order that a thesis based on design or

systems synthesis mav be suitably assessed. This could involve

the establishment of a new depree at the docterate level."

"Both universities and industrius should recogaize jeint appoint-
ments as part of the carcer structure of thelr senior staff
these appointments should be increased as far as possible.....
By this we undurs:and a system of part-time appcin:ments."

"ngr the next two. ,earu thie Lhﬁlmdced graduate ennolmeng o
2,000 full-time equivalent students for 1970-71 be reduced
by 173, after which graduate corelment should be limited to
a number equal te the previous year's bachelor graduations.
‘The. enrolment figure dpplies to the engineering departments

as identifed in Ring ot 1ron".




"“The recommenda;ion that che numher uf PhD studenta enrolled

V-_be reduced to- éSO per - year. is fully supgorted by all groups . .7 L

. including COU. - Howevdr; COU, along with CODE and 0CCS,

recommends that the . figure of 450 be the target for 19?4~75,»‘m¥~¢vlf\

“_ rather than. for 19?3 -74, for. reasons related to avoiding _
_large: flugtuations in enrolment as explaiued in’ che aces -
.’Lritique," R . e BT

7'“The Lapp repart reaummends specifig numbers cf Bh& enrollees

for .each of ‘the. universities incluaing discontinuance of .the -
_ PhD enrolment in cértain universities. COU feels that the
~ reasons for the numbers .chosen or for the. elimination of
- ¢ertaln’ dogtorate—programmes are not fully documented in the
Lapp :réport. -COU. also.agrees with CODE. and QCGS: that
attention must be given to the number§ of doctorate: .
- enrollees: by discipline as well as by university, For:
these reasons COU recommends that for the year' 1972-73
. doctorate enrolment be. reduced in each university below .
S, the. prnjected figure for 1971-72 by-a pro rata percen:age-
""in order to provide 612 doctoral candidates {(the’ ‘number -
required to achieve the target of 430 in 1974- ?5) Pre-
~ liminary acceptance of the JCCS method for redueing Phi -
 enrolment (by limiting new PhD enrelments 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 tetal Phi)
~enrolment, and for the division of the enrolment amengst
universities and amongst disciplines. The assessments are
- to incorporate a rveview of the effects of the pro rata
reductions in 1972-73, and to recommend a2 mechanism for
continuing review of PhD enrolments."

-On receipt of this instruction from COU, ACAP and CODE c¢stablished a

liasion committee (Ayers, Dillon, Ham, Johnson, Shemilt, Meintosh, Preston)

which drafted procedures for rthe assessments. It may be noted that

the committoee considered a model in which the assessments were based,
ngot on the five traditional departments found In engineering facultles,

but rather on interdepartmental areas ot research; the practical
difficulties of conducting the assessments led the committee o
recommend the five~fold subdivision actually used.

" The pfdéé&&fé Jévéiép&d in this wav was ApérOV&d by ACAP oa March 17,

. and by COU on April 7. -The provedure (except for minor data dmundments)

is that in Appeg&ix D to this report. 1iIn writing ro indiLTtL its

b
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appruval CODE exptessed their understanding that twb objectives wOuld'"” '

' be met'

"~f”llf3To provide~a rational basis for doccotal work in engineering_f

© . and for confirming or wndifying che limitation.on entolmpnt
"fsuggested by Lapp.- S . SRR : ,

.}&-2:,'10 conduct a- really effective assessmenc of :he quality of SRR SR
o },our currenc doctoral programmes. Yo . - '

P

CDDE went on to emphasize :be need of adequate resources to obtain the

best cansulcants._ﬁ“ﬂ¢”_ S :L:_“ S ..;;-aﬁﬁm..f

' Iu Qrder ta begin the planning assessmen:s, the ACAPICODE liasion ,"l;fliij__

committee called a meeting of members of the five.Discipline Groups

(Chemical,.Civil, Electrical, Mechanical, and Metallurgical’ Enaineerihg).; ;;}bt
 This mee:ing on April 12, 1972 indicated ‘a good deal of faculfy: S

resistance to the conduct of the planning assessments and uneasiness
about some perceptions of some aspects of the approved procedures. - .. . . .
This resulted in a delay in mounting the assessment. . CODE suggested . .

- & Coordinating Task Force, consisting of two members of ‘CODE, the.
‘chairman of each Discipline Group, and a member of ACAP could: review“-
.- the procedures. ACAP advised COU to agree to this request and the ...
. €ou executive did so on Jume 9, 1972. This Task Force held meetings . .
‘on June 29, July 27, September -1, September -25, November 29, 1972 and
- March 19, 1973. It suggested two slight additions to- the precedures
. .as approved earlier by COU. These were approved By’COﬁ on September 25, 19?2.~
. The Task Force also produced a document clarifying some aspects of the
‘.. precedure in detail, and a statement of some educational philesophies

concerning doctoral study. These documents are referred to in the
terms of reference of the comsultants. The Task Force also advised

" ACAP (and so did universities) on how to take into account for plamning
.. " purposes those doctoral programmes in Faculties of Engineering which
" did not fall obviously into the fields covered by one of the five
consulting teams. It was eventually decided that:

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

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

c) a small-scale Vplanhing assessment“'ithlving-tun:consultants would
be carried out in industrial engineering and systems design

. d) in view of the fact that all current. doctoral students at Guelph are

in hydrology and that the field of agricultural engineering is also
proposed, the civil engineering consultants would be asked to consider
the Guelph doctoral work, with the understanding that if they so wished

" ACAP would facilitate  a consultation for them with someone in'a '
deaerunt of agriuulnural engineering

3



e) »the m&&haﬂngl enbxnee:in5 udnaultdntb be. asked to gonsxdur Lhu o
 doctoral’ work at the University of Toronto Institute of Acroapagc SRR
ffstudies and in aerunautigal ﬁﬂ&invmring at Carletony with the S

"_wrequest ‘that they consult aiso with another of the. ACAP . <oﬂ$ultdata
" f{on the Electrical hngineering ‘team). who. had. expertibt in somv ot
Cthe UTIAS work outside meghanical Lngineering and aisn with_
j-dt‘!'uﬁpd&t‘ ' "xp\. Li‘ﬁ @Sf. ’

O

f)_.<adv1cg on. the futuru pldna gL Lhe oupartment“uf ﬂandkcmcnt 5{xgn
at_Waterloo would be sought from the eonsultants {a the.planoinyg ’; _
assessment in Adminis;ration, Business and %1ndgenent then\e, R
‘with 4. comment aise provid;d by thn consultants on industrial
]cn%xnogrinﬁ C g;~gmx'fam o ;sz-f-e"f>~.i-~"f»3j:e<.5gjrf

g),',no spe&idl arrangumcntb wure npeded 1n LDRBQCCiQn with leﬂhdl&Ji
0 Ceugioeeriug at. Toronte since the. @arxgspondin5 Austitute has no
‘wraduate programme of:its own, -and the future- doctoral plans.are .
‘\QVered in the statements from caech or the associated Jdupartment:.

'jxitu' o wzli be deai: uith 1n a la&er rgp\ri,u. bv rthIndUT aree o {w#-~-5l”t
Creovered m this report. Ghe m_\h.mua angineer fag. consultants igtoroed
ACAY that thev dxd not require the assistunie Ssugpustoed dncdten o)

In m.tom_r 19?.., CoDE prOPOSvd that a stmiv ?)t!' ‘n’ri:'d vut , under the
aegis of the newly established Canadian Enginveriag Manpower vosuncid,

anmd with f{inancial support from 2 nusher of dganrics. in order fo manc
recommendat ions about "swpply and demdnd far engincering doctorates.
dhis would be expected to be ot brcdt value.to the planning assesshents,
ACAP agroeed fo this suggestion, providcd funds towards the costs, and
znaurpurntud refervnce to the study into the iastructions. fur thi
vonsultants.  In the cvent, the study proved rather 11 avn~ atiag; it

is discussed later in this report.

Ae a result of supgestions from the Discipline Groups auad & ur recetving

¢ wients from the Coordinating Task Foree and from CobE, Aa agreed o

consultants at its mectings of September 7-8, October 13 and hevember 14,

1472, The consultants who finally acted were:
¥

! ' » T e -
YChemical Engineering: Pean P'. Grender o! Universitd Laval,
1

pean W. R, Marshall of the Univerasity o Riscenoin,
Professor L. Yaffo of Mcill bniveraity

£ fvil _1’.n;:im-;,_-_r_i_n£: Trofessor W. W . Febegtoelder of 4 pderii bt Univer: if:-'
Mr.o B. V. Martin of Alan L Voeriwos and
Associates Ltd., Professor o G Meverhof of
Gova Seot Lo Techoieal Coldope, oo o o deulel
of Hvdro-Quebec.

. _ : S _ ,

Electrical ingincering: Professor 4. D. WUu;p of the taiver=ity of British
bambia, Profensof 20 fo Van Vialbaoster,

Princeton Dniversity, Dr, M. P biachenski ol

RUA Kesearch Laboaratories ‘




Meghanical;%é;}neer_J; " . _Professor H.W, Emmons-of Harvard Uantversity,

' c ~-  'Dean C. Ford of the University of Alberta,
"Dr. R. D. Hiscocks of the National Research
Council af Csnada. Professcr S@G. Hason of

M.;ciu University S _/ o \1

Metaliugg}cal quineerigg, Profesapr J.J. Jenas QE McGill Unive:si:y,
. , ‘ , Professor T.B. King of the Massachusetts.
Institute of Teehnology, Professor-W.S. OVen
o s o of Northwestetn University and M.I.T.,. . . .
- .;jﬁg,;ﬁgiJ‘; Dr. W. S Lewis of Atomic Energy of Canada Lcd

Brief'curriqula vitatum appear in Appeudix G. In each case, the 1ast named.
hl peraon played the tcle of a seniot Canadian from outside the discipline.‘“'
The &onsulcan:s held their first‘meetings at various dates in April ‘and
May, 1973 and in each case met with -the agpropriate Discipline Group o
- arranged the schedule of visits, diseussed their .character and bhad
-géneral” discussian with the Discipline. Group ‘about the task before" them. :
 The visits tocok place in the two er tkree ‘months. foliowing these meetings.

T “The LQDSUltaﬂt teams each submitted a draft repor: InaSep:eﬂber,fwhich was
the subjecr of oral discussion with the Discipline Group at a meeting within
- .a few days of the receipt of the draft. &Each consultant team then sud~
~mitted its report. These reports were sent for comments to the. universi:ies,
- to the Discipline Groups and .s CODE, each of which sent comments - to ACAP
"~ at various dates in November, December and January.

. A subcammittee of ACA? bégan consideration of the report to COU, before all .

. the comments were in hand and continued its work through March, 1974, reporting
regularly to ACAT and recefving instructfons. Early in its meetings the
committee {dentified some points on which further infermation and reactiens
were required. In particular, the need for fuller advice from the consultants.

 was telt in the cases of civil and mechanical engineering.  Such further
~advice was sovught, with results discussed in the relevant sectioms of this
report. ACAP also thought some further information would be helpful in
connection with three of the universities and arranged meetings with ofiicials
of these universities and members of ACAP.

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

them, the Discipline Groups' responses, and the other documentation referred
o to in the procedures and terms of reference. The repori sets out recommendations -
% .. o o~ fur COU on doctoral work in unginnering in Ontario for the next few years '

" Ax is required, ACAPR presents this report directly to COU.. It has also been
!r:nwmittvd for information to OCGS,. CODE, and the Discipline Groups.
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Aﬂnunm4py af, ihg Lammcnth mad bv the Lnglﬂbgflﬂh conauitants gungurnlug
Cthis Tepers stows that Jthey b :udvnkndentiv~dlsa&re wit '
Yoot fans sade ine the CEMC report.  Thuy believe Li_wn. has been ne

. the

overpraduction of Phbs to date and, 1o fact, there apdears fo ba o

i

However, GUDE in fts repsonse to the enpineering reports,

D sbeortage of metallurgical Plds. llach teom pelieves. that the nped. tor
.thinnxrﬁ will not . decline, ds prodicted by UEMU but that
Adenand will continue and In actual tact, all but the civil enginevring
coedavaltants beliove o will inerease, :

the overall

Al had orisinally intended to publish o critique of the CERC report.

Appendix H,

is included 1 statement on this report covaering all the points MCAP

wisiiel to make. SCAP's oritigne will not be reproduced, but we feel
$lal the CIMC report is not an adequate basis for mampower planaing in

ensinvering.  Since all the consultants agree that supply will not exceed
Cdenind but perhaps rather the reverse, the question of supply of gqualtifiad
Cstadents st be o studied. Tie maln problem will be attracting Canadians

Tinte envineering praduate work.  In 1972-73, of the 518 F.T. englineering -
Fits, 28.00 were Canadian, %3.37 were landed immigrants and the remaining

15,1 were on student cises,

Shdasies fn the ix:zmi;;r.ztmn regnlet fons make it harder to become a landed

Semiprant . Since ane can o longer apply for landed immigrant status

while T mada, those that come on student visas will pre sumably return

to Lheir homelands,  Conplaed with this is another new resu
4 teachine desistantsbhip is no lonser classiticd as a job,
it barder to obtain landed ilsmigrant status. tonbequentlv

e e vhat the percont e ot tanded. famicrants {n proaduate
wibi sros while the susber 0 stodents visas will ineredase,

Caupoort for people on stadent vides s osoaree. Therd are

o barsiiips ot bursaries open by thew but Cin oensinecring

tation that

thus naking
Aval

wark
Finamei: ni

very' ftoew

they wmaw bo

’sngstntdz.. fhis rupurt W gsrLiv financed by ACAPR and was gian to Jil
Lhe ‘hsdlldnt tean yrxor to. their writ;ng of their. rtportb. It
hcapraliv,hrJLub tndt ihc buppiv ut Lnbxneera Lu the next’ five ygarﬁ wlil



supported from contract funds. - In any case, -there will be funds for -
only a-few.  Although Canada has a role to play in: providing. advanced
technical ‘education. for the. underpriviledged countries. ¢of the world,
this ‘should be kept to'a reasonable level and should not. exceed 30%

vf engineering doutoral entolments . . : e

Lonr vn page ﬂ~9 of itb ruapanbp, state< thaL unless the proportion o
of Lana&ian baclietor degree gradpates choosing: ta undertake PhD’ studies -
changes drasticaily,; the numbers of .qualified applicants coming forward

: will certainly decline"”. There dre-suggéstions that student ‘stipends

B " be increased. . We remain unconvinced that stipends need be any- higher

L ~ in engineering than.in any other field, but there 'is one exception

and this is. that ‘people. with substantial prefessinnal experience ‘

retur ninb tu graduaie study shQuId be supported at ) higher level

ACA? ib inclined to agree with che Uaivarsitv-of Waterloo 5. comment,»rf,z
‘page €6-29 in its response to:the chemical engineering report, that the .
best way of . attracting Canadian students is a “'change in the’ general
.o dtmu%phere surrounding dactatal work. in engineering in. this c0unt:y
| ..and to.convince the brightest young Canadian students that there are
 challenging opportunities for advanced work in Canadian industry™. . .
increased dialogue with industry as well as up-to-date information on
jobs available would ‘make’ the employment picture brighter and more
. alluring to prospective Canadian graduatie students especially if the
number of industrial scholarships were increased and more interaction
“were seen to be taking place between jindustry and university.

- This dialogue with industry is needed to ensure that more Canadians
continve fn graduate work. If industry indeed has a place for the
master's or doctorate im engineering, mote must be done to encourage
-goud :tuéents to stay in university iastead of taking -a job -after the .
~bachelor ¢ degree. Industry in its hiring policies can encourage this.

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

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

Keconmendatien Gl

It is recommended that CUU abandon the quota of 450 decteral
student enrolment in 1974~75, and plan on roughly the present
enrolment for the next five years, assuming greater interest

by Canadian students in englnecering graduate work. If this
interest does not materialize, the enrolment will undoubtedly

drop. In any case, it-is recommended that CODE be asked to report -
annually to COU on enrolment and emplovment opportunities.
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lt is rwgemmenécd that bt&ph Jci takun to - inform potential -
‘tandidatcs of “the. vaiut of a . Ph in manv phascs of government
" and industry, nof enly i Fescdrch and developrient.  The - »

o univurSiti3-';indivxdualivijnd xull?nit?;lv\ thirough ahenaicb o
S T guaii ds, ConnE, should -discuss thh the indu::trxal and ga\rt.rnmt.ntdl
‘ o umpiuverx step& to be taken joingly in urder Lo overcome the

SO ?vv»hortxbx of tanadian. studeats. '

\ELUMWQRJJ{IOR (3 T ':;j__ ; '”4; ;_T B St

s {5 rstnm&Ludgd Lhdt‘th« uniwc biﬁibﬁ m&intdln th aiauatxon -
where Canadians and lanuud ;mmxgrgntb ;onstituap at l;aat o
QL of the “doctoral caralment. in any programme 5. at any onue time,

, "{vuu though the number of - 1dn&cd iﬂmigrdvtb mav deLrnasL.e T
%yvummﬁgggtiqg;gﬁ L e

tt s regoamended rhat the uQLVLfbiLLUb, thc pYOVIHLXai guVurnment,
o aund gromting ageneioes consider the remarks of ‘the’ consultants and
e f‘\\gnxhg the extent to which thu limit to- htuannt income detors
- Canadians {rom entering gradndtu work. Means of supplementing the
income of professicnally experienced students should be examined;
increased contacts between faculty and industry rauld lead to
increased industrial aupport..
Admissiong

e, < b e

 £<\? Jovs not subport the view held by the electrical engineering
compsultants, manely tixd.t admitted doctoral candidates should have first
Li&hh standing and proven research ability. Many students who graduate
U with hish sccond ¢lass honours have bucome excellent rescearch engineoers.
 ihe usual minirum standard of the better departments is a high B and all
" the consultants agree that high standards of admissions prevail generally.

secomaendation €5
sf?: o It is recommended that weawch Biscipline Group menitor annually the
A admisslons experience of each programme (post facto) and repoert on
sl tiuc gquality of the odmitted students to ACAP for transmission to Gutl.
L CODE ddgrevs with ACAE on the annudl post facto analvsis of admission

- R D Su

S practices (page li-3). The chemical engineering consultants have suggested
C e sieadd Bt Be Sound thoe studént s have been accepted who, in the
~opiaion of the *rmmitteu; du nut fulf i}l the sinjmur requirements, the
committee advise COU that 4 recomnendat fon be made to the rcqu{siu:' _
anthority smege stzm, no BIU be awarded for that student’.  AUAP dous not
Pord o tian Lo Beomoconntr o at Loe present sioee roualar I‘\pﬁl‘tln,; hy the
}nSkI“llnN tCroup should exurt considerable pfuw&urv if an institution
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Undetggaduate-hraduate Relationsbip

| Somp gonbuitantq aabert that each department should provide all”"”

lev01“ of qtuavt_ bachelor’s, master's-and doctoral. - -Some go so. far
as to say that aldoctoral”programme in each department is essential
CUDE, on the other hand, feels that. what is important for a good

‘undergraduace p:ogsamme -is. resea:ch and professioual activity by . ihe

faculty, and that this can be carried. forwa:d without graduate’ s:uden:s,}'
although-at present the research activicy is most easily carried on
through graduaté programmes (page- H-3). " ACAP agrees with the position - .
stated by (ODE and indeed applies it-to all subjects, not only engineering,ﬁ
but with the comment that in many fields it is not difficult for-a.

- professor ta-be active in reseasrch wirhout: having. graduate ‘students.

We would point put that’ the othef position would fmply that no’ departﬁént

should "exist unless ‘it can operate an effective doctoral programme,
Q- view which we find impussible to accept: - The absence of sufficient -
research and professional activity by professors would raise questions -

" about the quality of a department and hence of. its undergraduate
: cffcrings, whether er nct it offered doctoral work.

Thesis'Quality ;"

Recommendation €6

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

‘Since.gome of the consultants have made rceference to the make-up of
. exgmifiing committees ACAP would wish to endorse this practice of

iffclinding an external examiner.

i o . Critical Size

We agree with CODE that there must be sufficient range of interaction for
the student and that the judgement as to the presence of this interaction
must include consideration of the involvement of persons cutside 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 im its university. We agree that there s

no a priori reason why a small school cannot provide as satisfactory an

,-onvironment as can.a large school. The question is not one of principle,.

 but one of fact: does university A in fact provide the requisite eunvironment
for. interaction for the average student in its department X7

Most of the consultants considered this question carefully and made specific
~omments but others provide no evidenee that thev examined the matter in
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'deLdtiOﬂJ* cxperiente to studv for.all Lhrcv'dcgrecﬂ, The baxn\lnr Seo
the master!s jand the doe tomtc “at-the Sdme uni\xurbxtv - \m i progriamme
feads, to :ubrvwﬂxﬁb Jnd saneiiess amd’ perKUJga'%nV chance for the student

tu come 1n ¢unLaL£ with dxffprgut id;ulty, htudvnt35 mildcu and wo huds.s
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-Uup'<&r’txmc~ hcifh A profe~svr dtkUp{ th;s in 1heurx‘ hni ann'uax thr

in prastide the student must ndt be erantsd from Boxnb to the Hﬂletsltv

. «V(J11 ,xndigc' ,}J;xt wtch dppedr‘ Lx\tas ta bc LUYP((L g1n\vxiud 2uu-’tud<nt \-J””

Fhaofee s fadeon sound ;g:.nieﬁ,xu‘tjrkunxdr\. Exxh*;{ ot g(h)d fpforuat fon vl
the opportunities that are aviilable to kim, and taking account, of

Cocourse, ol the undesirable aspects of remaining in ohe university o

-

'n;hommunlation {7

S Itxatvunmumuithu vnnxumxphuafnmp Qukmh devedop

Cproposals for taking intormation on graddate work in all oatario

”UH1VLfnlthh 1&Jdifﬁ'§ﬁdilubfh'}n'fh& enpfnicering students, in some’
collect ive way and inform ACM of the action taken, lach biscipline
troup should cepart annually on the university lust atvended by the
araduate students in each department.

;_’_-E_Y'__f__" time I'ro Ly amne 5

ln I““‘—z! 187 of the Joctoral students studving enpinceriog were doing

0 on.a p ut—-tim{' hasia, 607 of these students were Canadigus and
pother- 30 %0 were Landed  lutdperant -, 1t woald appear tiat these part-

zimv provranmes are heinr ased by the profession to upprade the =kitls

Tand hnowledpe of its practising enpincers.,

Phe cansaliants seen divided on {he iSsue o} part-1 bue proygyamimes, some
favite Menein uadertaning o shemld be rarelby encoaraneal’ and otiier

T,

"full encouragement should be given to part—tioe doctoral programnes,
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Reuommendation CB

1‘“vjlt 15 recnmmended tha: dt the present any part time or non-rESidentj$;  :'L
" doctoral work .should be hy individual arrangement and ‘that experi~

.- méntation: in this. type of programme be encouraged. . It is also
- :ecommeuded that the - rgsesrch topic of the student- accepted on'
' a- parte :ime ‘basis be in a field in which the ﬂtefassnrs in the

f; department have expertise.‘ it is recommcnded that 0CGS examine L

L existing university guiaelines in :his area..

ST T s s e Cmaerﬂf ion T T

‘ Qne of the main points that all the consultants sgree unon 15 the need»"‘
. for. increased’ cooperation both within and between universities. The
”fchemical ‘engineering. consultants found a need for .increased inter- .
“action between the. engineers and the pure science faculties. “Some of. -
the ather consuitants felt the need for move communication an& cooperation o

between. the universities .and. 1ndustry and government. _lLastly, morée.

. “-effective use could be made of the resources in the province {1f the
.o universities themselves joined together. in some form of cooperative .
~endeavour. CODE endorses this last point quite strongly in its

response, page H-%.  Sharing of -equipment, discipline meerings and an
interchange of credits for’graduate courses are » few of the methods
listed by CODE that are to be encouraged on the way to making this -
cooperation a meaningful and workable venture. . ACAP concurs with the .
statements made by the consultants and CODE and strongly supports their
implementation.

~
a

ACAP intends to féqpest that - each Discipiiné Crdug report regularly
t= ACAP on interuniversity cooperative arrangements.

‘2222552 . o oo

Two sets of consultants found enough disquieting evidence in the engineering
faculties of the province to suggest that the requirements for a faculty
member, cligible to supervise graduate studemts, should be reviewed and
enforced. ACAP takes no position on whether or not there should be a
separate Gradvate Faculty, but there must be a3 mechanism to ensure that

onlv those faculty with proven research ability and productivity

supervise graduate students.

Since this concern has been mentiened in other assessments, ACAP feels
it fs time that OCGS conduct a review of this area.



'“Time°td Ré&ch bsérééﬂ. R e e

The ELﬂthlcal engineering consultants were concerned about the-ft‘
length of time taken to obtain the PhD. As chey pointed out, the:

average student ‘at’ ane university took 13-20 months longer to compiefeti

‘his doctorate than his counterpart at another university. Asa
whale, they found the average time of s:udy to be excessive. RRRIETETRE

' _Recomman.dation C9 : '—" -. b‘,

It is recammeuded tha: :he universitien repor; to AC&P (for
OCGS) each year on the rime taken by each gtaduating s:udant
to Lamplete his doctoral studlee.'f”:£ .
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hngineering was split into five sepa:ate &SseSSpenCS ‘one. for eaqh of
the $ive traditiopal fields of engineering, Two uniyersities, Wkstern
Ontario. and Windsor, do-.not- administer their. doctoral . engineering work. ,
ziung Lhaau lines "but rather on an: 1a:erdiscip11na:y basis that cuts =
"hnri;uﬂt;ltv hxrusa enginaering., For’ chis ‘reason, these two univarsities o
- Jrv btxnh dealt with bepdrdtely and nun ‘a8 part of the more ‘standard -
e approach revident in the- five—asaessmen: repcrts. Sﬁuilarly. Guelph also.’
D is included in this eectinn. N o

D T

Unchrsigy of western OnCario

The ﬂniv:rsi:y of western Gntario began to offer»doc:otal work in
vu;luevrinh in 1965, Since ‘then, twenty PhDs: in Engineering Science B
have been, aranted. Frum the. beginning effort tias been made to emphasise
o PN xacerdiaciplinary nature and. there has been a limited number of
s wreas in which the student may do his graduate craining. At ‘no’ point
© hasia docdtoral degreebeen given in the so called traditichal fields of
"«ngLngcring, -
" there ire seven main research areas in which a student may obtain a
“PhR in Enpineering Science. They are 1. Geotechnical 2. Boundary lLayer
Wind Tunnel 3. Chemical and Riochemical Process Development and Design
4:‘Witurld1 Science 5. Systems 6. Applied Thermodynmamics and 7. Applied
U Elivctrostdtics. Environmental engineering aspects can be studied in
"rall these research areds except %aterial Science. o
FERRC . S L .
- Western's response to che collec:ive engineering picture gives the 1973-74
enrolment as 29 F.T. and 15 P.T. doctoral students. In the additional
o data giventto ACAP, 1B of the 37 current students' programme of study
_sutlined were in the chemiral ‘engineering field, 8 were civil, 5 mechanical,
and 3 cach dn electrical and material science.

The ~hemical engineering consultants have provided evidence of that programme's

ChHeing of aood quality. The systems research atea depends heavily on
Chemical enarineering, ACAP, therefore, concludes that the research areas
Coemic 1] nd Riochemical Process Development and Design, and Systems are
U sat fatactory quality.

iin metallurgical enginecering consultants have recommended that the Material
Soden e programme become o part of an interdlisciplinary programme rather
:h@a 40 exc lusivelv material science one.  This was in part based on the

cotat that the group is-small and h?end& most of its time teachiog at the
gidet veadudto level.  Thev are “carrying a large programme for a group which
iw oeiberiticalt in sizel! From the additional material supplied by Western,

Tihere is Little evidence of interdisciplinary activity for students who |

CeiLht obe doiny research in this area. ACAP concludes that thls area should
St e aperatimg at the doctoral level.




The areaa cf meghanical engineering doctoral rusea:ch work are’ subsumed T
under the main research .area, Applied Thermadynamics.. The cansultants
tndigate that the doctoral researgh connected with heavy water is of

good quality but they. raiﬁa very aerious questions about the docteral o
work in acousticsg They feel this area should be restrinted tu uark at
the mdster =3 ievel : S - e

Thu givil engine;ring aansultants did not make comparatiVe judgements, S
but {rom some of the phrases used:to descrihe the Boundary Layer Wind -~ 7 .- -
Tuanel Laboratory such as 'internatiomally known" , ACAP has no. reservations .
in recommending continuance of doctoral work in this research area, even
though it -appears to have. 1ictie interaction ‘with other groups... the
civil. engincering cnnsultants told us: nothing about the Geotechnical _
arda. aod we, cherefote, ‘had . diffi;ulty in recommending a. position tu be
:Aken with regard £o. thia field. . ) _ N C

‘Tbe laht rcsearch area, &pplied Eleccros:actgs, is the moSt difficulc to .
assess.. The electrical engineering consultants have recommended dis-
cont inuance of .the dcctoral programme. They feel .the students dre .

" getting teo narrow a training 4n electrical engineering. -We observe,‘ e

m"fhuwevgr, that the studen:s ‘are not considered teo be studying for a PhD =
in electrical ¢ngineering, but rather for a gemeral degree in engineeting )

© _sciences - Although there are only a few faculty members in this ared, they are

' intermationally knbuwp. The main problem would, therefore, seem to be
‘the extent to whigh the doctoral traiaing in this area is of an .inter-
‘diqcipiinary niture. From the data available to ACAP we are unsure.

;;,13 the Auur:e of diSLusqions with tepreSentatiVEb of the University of
g ._,“Weﬁtern Ontario, it became clear that the Faculty is involved in a
.7 " thorough re-examination of its doctoral programme. It is commitred .
. - :ooto the concept of an engineering science PhD but is reconsidering the
- appropriate areas of research. While it is not eatirely accepted by
U .. ACAP that all the activity is noticeably different from that in engineering
- departments elsewhere, we nevertheless. believe that this intention of
" tlw Faculty should be encouraged. A corollary is that it must be very
careful abont the research areas in which-it accepts PhD candidates; we
.. have already commented onm these uand note the standard of quality seems
- variable,

These ronsidgrxtians have led us to formulate the following recommendation.

Recommendation €19

1t is recommended that the University of Western Ontario continug
its examination of its PhD programme in engineering sclience, and
put forward the resulting programme for appraisal, in partircular
delineating carefully the areas of research in wvhich it feels it
appropriate to avcept students. In case-a faVOurable appraisal :
is not obtained by October, 1976, admission of new students
shrnld then be suspended.




S bniversitv df windsor
L Fnrlv ia 19?1, thr faxulty uf Applied Sclence a: che Univ;rsizy of Windsot. o
e . began to eNaminé the structure of graduate programmes.within the Faculty.
in order to’ imp:av; their upuration, avoid needless and cestly duplicaticn‘ ?
graduat: COUrse ofierings -and to _attempt ‘to .créate ‘a greatey cross- .
reilization of researeh by involving faculty members from-different j.
‘nbineurinb,dcpattmen:s in various. fadets of a darger research plan.. This =
examination led tod 'the reccmmendatian that Graduate Studies be ‘operated on-
g ‘4 divisional basis, with the seven undergraduate departments being .
o consolidated under three graduate divisions, namely Engineering Process. -
E - Pesign, Structures and Systems. The three divisions would each alect a-
cliairman who would decide on course. offerings and enrolment’ levels. “The
three ghdiran, oneelacted. memher from each division, one graduate student_
and . the Dean.of . Applied Sciencde form & Coordinating Committee to oversee
—and voorgThiate the wishes of the Divisions. This plan was appra«ed in
Sﬁringkxg§;\and is nnu buinb implem;ntud. B , .
R
‘_;fS@ﬁe'ué\thg trdéitional departmen:s such\as ehemical ‘and’ eleu:rigal f@ll
Ccompletely in ope divisfon. All the rest are sgplit between two as can be _
“seen in the attAchLd Tabie 1.____* -

I

There arc ninc id;ntifiablu research areas, each of whiah haVe participating
facultv from at least two of the old departments ‘and these nine areas are
- 1u turn divided fairly cqually among the three divisions.

The dugr;e% ‘awarded will retain the old titles, for example, a PhD in
S0 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 magy as half his courses from professors
in other ‘departments’.

fhe consultants' comments concerning Windsop vary, but a number of their
= ro repurts fmply sooe doubt or uncertainty concerning the relevant departmental |
programme, either with respect to the situation at the time of their visit,
or in connection with its fiture direction. The ehemical engincering
o consultants suggest that Windsor be reviewed in greater depth. The mutallurgiecal
O engiavering eonsultants recommend the integration of enginvering materials
: faculty in the new divisiopal system. The mechanical englneering consultants
all for more empidsis on master's work, In the case of electrical engincering
thie consultiants indicate that goud work {3 now belng done in doctoral education
in two ficlds, agree cith the present plans for no significant growth in
enroinent aml for go expasion of fields, and go on to recommend a review
S ter five vears,

aeeT i view of these considerations ACAP feceis. the Unlversity of Winduor should.
S e given time to produece: o vidble iniordisciplinary systdm of doctoral .
v engineering studies before that syst.o is brought forward for appraisal. This
' appradsal would determine the level of quality . in the new divisional svstem
and whather or not significant interaction has been achieved botween the
Cwtaft oand stadents of the vdrious departments,
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; VIt is rccommended that the~University of wxndsor continue the
;,_rLorganizarion of its doctoral work inm. engineerins and submit < 7

.. -all pragrammes . (presumably these will be the three divisiemal ~

C. . ‘programmes which ‘are replacing the departgental programmes) ,

 for appraisal when the new system has .been in operation . .

- sufficiently long to- permit a valid appraisal. = Enrolment.of .

. new students should cease after Octaber, 1977 if a favourable
ipdppfﬂiSdl has . nct been obtained by ﬁhat date. '

}wudivéréity of Guelph

lhc tniw;rsicy of buelph has for sometime offered an'iuterdepar:men:al

* P programme in Hydrology-in'which its Engineering School plays a- part.uf"'“”
"1t also plans to develop doctural work in agricultural engineering,

which it already offers at the master's level, There are no other T

’“prugrdmm;s in agrigultural engineering in the province.x

"_fhe matter of the interdeparctmental programme would appear not to be
“central. to this assessment. It would not be inappropriate for the

Civil Ln5xneering Discipline Group to keep this programme in mind o
when carrving out the study called for in Recommendation C19. Nevertheless,

. it seems unnecessary to await the Discipline Group report to make the

‘recommendation which fellows.¥

A T | L
- From the planning vipwpoinc; there seems ne reason to do other than

accept the University's intention to begin doctoral work in agricult&rai

" engincering, whepever it feels the time is ripe and tha proposal has

passed appraisal, _ ‘ -

Recommendat fonn L2

Tt is recommended that the involvement of the School of Engineetring
in the hydrology doctoral programme at the University of Guelph
continue and that the University begin doctoral work in agricultural
engincering at a time in accordance with the University's plans,
subjert to normal appraisal procedures.

v e A e o e - —————

£ 1t may be noted that CoU did not accept¥ Recommendation C1Y.

LRI
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‘ lhxg ae;tion of Lhe ALAP‘repo:t wiil deal with the renommundatzuns fouud‘
“inthe chemical engiheering consultants’ report, .lhern ‘will’ béno 7
reference m@de to Western or w;ndsor sinL - these two Univvrbitie¢ wuru
mentioned in a previous s;ction. It is imparcant ‘that the- conaulcants
report and the- unlversity and dibLi?Iine grcup respahses he read at the
et same. time—ab this ACAT report.z ' TR

Bl

kexnmmundation Ll3

it i> recammended that the\departments sakc natc ef the uuuaultanth
tr;cummendation 10 to group-research activities in well-defined areds.
30 as to establish or reinforce teams, thue ptovxdxng a mu:e
»txmulatxng enviconment for :tudenth ‘

A

: Rv ommeuudtiun 'S

It is rugommended that tﬁdstnr thvﬂfbity contlnug its duLtural
work in Lhcmicai enbinegring au;ording to its p!ans.

WL%Aater bpﬁtiﬁllttb in proccsa aimulatien, wahta-watur treatmunt, polymer
~;engincgr1n5, chemical reaction engincering and catalysis, and transport
—and separatien processes, with szrongcr cmphasis on the first two areas,
CTie consultants feel that McMaster's goals for the future are Mreatistic”
Caand appear to heé dchievable and productive’. - oo oo

fnc{ommondatiun»yl

It is rccumméndéd that the Univcrsity of Ottawa continue its
doctoral programme in chemicai engincering accocding to its plans.,

e Ihe University of Ottawa speciallizes in three main areas including
: thcrmudvnamea and transport properties; kinetics, catalysis and reactor
enginevring; and transport processes. There has rLLenriv buen a shift
towards a preater eavironmental emphasis. The consultants encouraged
Jttawa to keep up with changes in the arcas of research and graduate
teaching and meve into these new dareas whenever possible.

Hoecommendat ion Cl6

o 1t is recommended that teuvn’ {niverbxt‘ recevaluate its doctoral
e programme in choemical unglnckrln& in the lipht of comments made by

o the consultants concerning research activity of the faculty, the
grouping ef research areas, the awareness vf new trems-in-the
discipline, aod the mobility of its bachelor's: gradudtgs, and subﬁit
the programme for appraisal at the time that the University
cousiders appropriaste.  I0oa {avourable qpprdiagi has not boen
received by vctober 1976, envolment of new students should be
suspended at that date.




e

QuLLﬂ lniverqitv specializes in :he following five doctOral teaearch
areas: biaghemical and, environment engineering, chemical ktnecics and -
regetor desiany pracess control” and simulation, hermodynamics,'and
transport phenomena. . These areas cover most of chemical engineering -

making-a rather uniform distributiun of effurt. ” The publication records
ui unlv twa prufessors are vgry gaud, dll the rest being averagﬁ or. lew.

annﬂcgtions with pYOtL&Sional and sciencific\societies can be described

as. onty mildlx Jative- . The consultants feal alarm-at the number of .
ngen s bachelor's hraduat;q who undertake &raduate work at the same
» L"k‘sﬁktllf_ lﬂn' _ R ‘. . \ ST ' .

Un th; cptimi&tie~si&g, che conaultants no:e that "the very excellent L
uavklopﬂgni planning. and programme forecasting suggests that the
denartment's goals and. future research activities will be relevant and
_responsive to the prevailing needs of. thé province :

\Arﬁr.suggesta that-Quegn s might;consider strengtheningfi;s.present _
Cfaculty, or alternatively, it might consider consolidating its existisg. .
wide saope of research areas, As to inbreeding of students, A{AP draws
CQueents attention to kecommendatiﬂn C?7.

”choﬁﬁéﬁddﬁidhnti7

It is rvaommended that the University of Toronto continue its

dactoral programme in chemical engineering according to its planu,
- paving partiaular attention to-Recommendation C7 regarding - - . -
mobility of its graduates and to Recommendation Ci13 concerning

grouping of research areas. It is recommended that the University

of Toronto report to CoU through ACAP by June, 1975 on action taken

in regard to this Recommendation.

The tUniversity of Toronte 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
pulicy of allewing a staff member "to select his owp path”. The consultants
did not find tToronte's statement on its plans particularly helpful and they
of fered 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 Univer~ity of Toronte should
alse covourase mobility of its "radnatrs to the benerit of vther departments
and ot oe students alike.

R ormend it ion 18

It is recommended that the. University of Waterloo continue its
Josraral propramme in chemical engineoering according to fts plunus,
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jhe"rudirsitf,bf wate:loo,haéfgépugéd-iﬁé feSﬂar¢h acti§ity,1nt0wfive5

areas” including biochemical 3hd'fop&'engingezigg,tgx;:aétiVeggﬁa'préééS§q"“”f'
metallurgy; polymer sclence and engineering, mathematical analysis and =

control, and Lrang@@rtéQrQCésses'nnd,kinétics;'ﬁfhé;scape is wide, -

covering a -large part.of chemical engipeering but;- there are defined. . .-

groups. to ¢eordinate the programmes. Althou
the statement of goals and objectives "less pesitive and definitive".

than. others, théy were pleased to note Waterloo's intention."to ensure -
research activities by the use of more post-doctoral fellows and hired o -

ruscareh assistants . (non-degree candidates) if- this should become necessary” S

P

'ghpthe'cbnsnltaﬁtsgddnSidéred...Hrﬂ,._
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S The' erust ‘of .the Livii engxnncring Lonsultants contains a number of
-1npurtant retommenda;ions of generai charatter.;vf'”
Thtir discussion “of - che manpower situation supports ‘our Recommendation Ll
They suggest that *t would be wise to expect rather: fewer stidents than o
thu cutality of;che ‘stated university plans., Lonsidering the. uncertainty P
Cof the: ‘manpower analysis and the size of the numbers involved, ACAP does
not feel it desirable to formulate any recommendat fons ‘about individual
enriiment., ACAP does advise each university to consider the tikelihood -
“that .tue dpgtoral enrolment in civil engineering may. fall 5£ill further .
unless the fraction of Canadian students “increases substancially from .
its Prcsgnt level of about 25«. ’

z‘ir cummcntq that the stud¥ af a civil engineerimg speciality in depth .
‘negc»sitatpx increasinglyv...some graduate work", reinforces our. Retommenlation&
. {“,«nﬂ\orn1ng pubixcizlng the value of graduate work o ’

’Ihcv argue for more part ~time work and closer llaiscn with industrial and

. .. governmental daboratories. -Recommendations C2 and €8 touch on this poxnt.N 

;he aonquitants ‘on pages A-18- and A=-35 express their concern that studunte
Ltend to remain for graduate study at their undergraduate universities,
~often being unavare of offerings elsewhere. We make recommendations on

. this -problen-in- Recommendation-C7.. oo oo

CThe comsultants perceive a need for "more consistent requirements of- L
acceptance. ... between universities”. Although we do not recommend tie
‘particular remedy they suggest we do make Recommendation Cé in this

Ceecannection.

an marters specific te civil engineering, the consultants stress the need
for more emphasis on flelds other than structures. They call for less
stroess on traditional areas, particularly structural engineering, and more
stress un multidisciplinary education. environmental engineering, and
transportation”, They suggest that “change of programme emphasis in civil
enpineering (will) lead to some growth in faculty when generally universities
are expecting a fairly static period'. On pages A-49 and A-50, they quantify -
this shift by asking for a 20% reduction in docteral enrolment in structures
{i.ev. a drop of about 15 students) together with a corresponding increase,
ronglily equally in transportation and water resources. Perhaps rather
3urprisiﬂgiy_they‘then suggest that no university should offer a new field
Cat the Jdactoral level. {(On page A-52 they also suggest that no university
creduce Ythe range -of -its doctoral programmes” but on page A-51 they add
"unless that university desires otherwise'.) ' |

dhe consequence of fitds stance, based on pages A-25 to A-29, is summarizacd

3

in dable 2.
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Poqsible Ccnsequences of the.Consul:ants Recommendatians;‘
: on.Enrolment and Field Emphasis‘-

Fields'

R — 1 N A 1 order of
Universities = - S U e e e T '
- -ve>§_ti“‘; | technical _Structures Resources “Transportation | of Emrolment .

-Carleton = {"”"g““ 5=5 ‘{~:” TR '5=-;~;f{f-"{,{3,'ug;I‘“ Q*5¢gj1fo1’f&{3i“>
McMaster S ST - S S S ‘ - »»fn,, 10

“Iri S R IR RS EEIE PPy

o
. R

’ Ottawaj"f
Queen's 3 .;f A - T 'R _,’_; S 8

25

w
w
-
yd

- Toronto

30 -

9]
wn
»
~
-

“Waterloo

LEGEND: R - reduce enrolment
S 8§ -~ static enroiment -
Lo - [ - increase enrolment

NOTE: Guclph western Ontario and Windsor are not
included in the chart as they are dealt with
elsewhere. (See section on University Recommendations.)
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Eheru are dktixtuitzvs in At;eptln% thsv rccummcndationa.‘ For ux&mpi;,

it ua‘;aaka what “the shifftts of ) varelolent fron structares: wouhd B, 0

tutJL-Jrunnd 15, Gnv-gﬂqu . w:th bcmalhlnb like: Carleton l,fﬁgﬂdazgr v,
utt;wai:[ Quevn's 2, Tovonto &, Wiretloa &, . Iuok;ng then dt transpartation T

. ony finds. dn;turxl pruhrxmme At L&flniﬂn, iurdntn, dnd hat‘rlnu which umyht »’

incredse by Ioor 3at each place.”™ ‘One’ ‘has €0 ask 1f “this’ is ‘the- be.st. way-

Lo dvuvlnp mor e bigh quxiity doctoral: work ' WGuid it bea bettcr btrdtch"

to- cneourage. (1tlutoa, for exumple -to buxlq a - somewhat, largar group than '
3ar & students? Thure is anuthcr LOH&LYH.T \rL all. thm transportation’

| wroups . of equal: promisé as plchs to do doctoral work?  'If not, .should

somer he strungthened mere, than- athers‘\.if we realiy beliEVL in panny—"
pocket: xuruimeuth, could a.fourth university pcrhgpa enter this field?
Th nnnsuiaauts. repart pruvxdgs ne wgtxnfdggurv dls&usaidn of Chese
(;!it‘ﬁf(ﬂﬂﬁ tn iuQCII\' 1t‘1 prdpus!ls. - : ' :

| iquaiiv unsatxsfiLtofv ‘and puriapb maTe b;qicallv dxsturbxng, is the

vonsultants' failure to give any discussion.whatsoever {(with-.three . Sm‘lll

cxmcptlons) of the. {lutb and reasoning which led them to contlude that A}I

‘uxxstxnh Programmes ‘are satisfaetorv. This may be so, but the rationale is
Cfar from clear. As the appended correspondence (Appendix-l to this quttion)

L sbous,.thc nnn%ultdﬁts decline te discharge their terms of reference, in-

pxrti(ulur €3¢ and the parn&raph fotlowing C3d. (See Appendix D).

In pxrtx<uiar, aithnugh the matter af critical acadcria enrolment slzc is
Cdiscussed in generally acceptable terms, in that the 5?opuqition is stated

cthat- there-is no a priori reason to assume- a small scheol cannot. provide
o5 satisfactory an environment for a PhD student as a blg school, the

conrsultants neither state the characteristics of such an environment nor

‘dn they make any effort to shew that it exists in the several small

programmes they examined. Although it is no doubt possible to make the
justification in several cases, nevertheless a quest {on must still loum
unsettled as to the academic strength (from the potential students'

viewpoint) of several of the programmes, namely Carleton, Guelph, McMaster,
and perhaps uttava and Queen's.  (None has been appriised.) Of course the
consul tants' report, due to the lack of rationale in it, glves no reason to
suppuse thut the larger departments are necessarily of suitable quality either.

ACAP cannot justifv to itself recommending the acceptance of the consultants’
plan, calling as It does for static enrolment, small shifty of emphasis
in tields, and no new developments in any department. We feel that the
gquestion of the hest way to develop doctaras work in trdnspurtatlon and
wilur resources must be mpre carefully canvissed and that whatever the

Canswer be it must be adequatelv justificed. - Some evaluationm of the quality

of tiw programme in each broad field at each universitv must be available

Cbefore we can make any credible recommendat ion.

ACAY would like, ut this point’y to draw attention to the biscipline Group's
response, Appumndix Be  The members of the group feel the consultants did
not "selze thelr unique opportunity to make quality judgements' and failed
to "addrugg themselves tu the question of quality in the planning function




S

in their tOﬂLIUhiGﬂb and tecommendations;’; The-group thinks thdt a
~statement- that ‘“documents. the ‘sundry strengths and weaknesses, if they
exist, could well inerease the‘\nlue ta those on whom the responsihﬂit\’
for planning ultzmxt‘i\ rteta S ACAPS sheroforo mAREh thg fullowing
recommendatiun. RN : :

Y e

Reccmmgndatxon ti?

It is retommenﬁod thAt ioh :egommtnd the Lontinuange uf th; .
o wmbargo on the. funding of -any new programmes in civil engineurxng»',f
“unptil COU has. dLLLthJ a stcipiine Group report dealing S
addquately with theé future. roli.of each department. in respect
S ke the diffnr;nx fivlds of. dbetaral research, ‘paying particular
attention. to-the relative &:rgngths and -weaknesses. of each.
Jepartment and the change in emphasis. on fields recommended
by the consultants.  The repurt should be submitted to ACAP

by December 31, 1974,

We regret th1: &hzs rcaommendatxon is necessary, ~We pote (page A- &)
that the Discipline Group had not prepared . for thL consultants the -
. repori called for by the agreed procedure (page D-6), We note also that thre
consualtants otate that they "have formed (their) own judgement about
. the strengths of different civil: engineering departuments and.the Aruas.
in which thov are likely to be able to attract high quality. students" -
we. regret that the consultants are not willing to share these judgements
with the Ontario university community which employed them.
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" NOVA SCOTIA rscnmcm. cou.ssa?
: N % + T m moe ' .
HAL!FAX. NS

‘?rufebhar M Aw Preston:;w~
‘Lxecut;ve VLce~Chalrman
. Advisory Commxtbee on Academlc
. Planning .. .
- Council af Qntarlo UnlversltleSQ'
102 Bloor. %trnet West .
Toronto: MSS lMS Untarle

Dear Pfofessor Preston:.

F@_”a}f_;;_nuﬁ_ Further to our recent telephone conversatlans, I have
- .. now heard from 811 my ‘calleagues who fully agree with my
e ’ letter to yvou of 4 December 1973,

As mentioned in this letter, we did not discuss the
‘yuestion.-of yguality-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 d4reas or departments, because in our Report we
did not recommend any change in the number or the range
of doctoral proyrams offered by any school, including the
varidious areas of specialization of the smaller universit-
1€8. :

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 1nterpreted as an appraisal
or - aﬂcrcdltdtzon assessnent.

Yours sincerely,

| \%‘“‘«'J‘*é{
G. G. Meverhof, Head

Dept. of Civil Engineering

B 1b
Qe L c.c. J.L. Boulet
- W.W. hckenfelder \
B V Martln . . , R e we ., -

LA R

VU appENDIXCY .
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L EIVIL ENGINE f'mvéd - s 4 Deéember 1q73 e '

. professor-MJAcPreston. - L 0L
Pxecutive.Vice-Chairman . . -
Advisory Committee on Academic
Council of ‘Ontario Universities-
102 Rloor ftreet Yest =
»Tornn;o:ﬁSS-LMB,-ﬁntari0‘~‘ . ‘ '
B _ S . e _ . N

NDear Professor Preston:

T»Aftcr'rqturninc3from_tbe.west-eoast,.I found. vour let- .
ter of 29 November and enclosures, which T read tvith inter-
ast. ‘

In reply and following our teres of reference, we had.

S not ‘discussad- the guestion of quality in nur report since,
~.._ in our opinion, none of the civil engineering doectoral pro-
’ grams were found to fall below minimum acceptable standards.

SAT L I am locking forward to the comments of my colleaques,
e in this reaard. '

Vvours sincerely,

A ' - 3 g

G. G. Yeyerhof, Fead
Dept. of €ivil Fngineerina

o 1b

~.c, J.L. Bounlet
L. cvbon©oelader

& -

nLv. Magkin
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T IR . CCOENCH DB ONLARIO EMVERSTHES
I'n»t.. s M_ A st ) RN ‘ 102 Hioor Spees, Meat, luxumn {x; nmnm :
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Noviaber 29, 1973 N

Mr. B. V Martin,V*". { I N

Prof. G: G. Meyerhof . A S RN A PE I
 Prof. w,_w hckmnfeldar Jr. L

Dr. J. Lo Boulet S

_Geatlemsn. .

I am englosing all che university cumments wb have received on your planning
- -- assessment report and the formal response from the Discipline Group. You willl
recall Lhat it is intended to puhlish these statements.

_onu wiil see from the comments :hat there is cunsiderable dissatisfaction in :
~the universities and in the discipline group with your failure toc come to terms
. .with-your task of giving us your findings on the relative quality of the doctoral
.;f“wvrk in the different areas of civil engineering i{n the differeant departments.;
- . We an ACAP have to agree that one of the most important aspects of the terms of
»}.frgference vou undertooke s the statement of strengths and weaknesses of departments,
. -and -that without it the report lacks credibility. If you are asserting that all
- ficlds offered for doctoral work are competently dealt with wherever they are
oo offered, it will follow that civil engineering is a paragon amongst disciplines.
'a;;¢;gven 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 cngineering. Do you think its work in water resources is strong encugh
" that it should seek to expand or maintain that, or, when you recommend greater
emphasis on water resources, do you expect this to be achieved at Ottawa, Torento,
Waterloo and Windsor for example? McMaster (and;EZe others) would like to know,
You tell the University of Western Ontario to emphasize boundary layer wind tunnel
work; but what about their geotechnique? Since Guelph now has 5 students in its
hvdrology programme, how can it be exploiting its unfque facilities for agricultural
eagineering if Its enrolment becomes 4 to 77 1Is it expected to cut back on hydreology?
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 us examples of the kind of question on which your adivce
would be helpful. "The general point is that your judgements of ‘quality by d&partment
and by drea are important. You recommend that transportation be strengthened; we
ask, where?  If all the departments say "here', how arc decisions about resource
allocation to be made without the quality- judgements you were expected to give?




' -One of the dspects of 4gademim quality hds to do with che size of the student
enrolment.  You will see from the univarsicy responses that there is some -
difference of upxniun.- Thg oificiai pasition of -COU, recently qdepaed ib as
tollowe'a‘ I :

“The qualicy of graduate ptogrammes is pdrtly dependent on size, and for eath
programme, depending ‘on-How itiis designed and its scope, there.is'a minimum- f .
size of enrolment bclow which- ‘quality. way - suffer. ‘That. nunber. cannot be expressed
for the discipiine as:a whole but enly for~ individual programmes depending on - .
their purpose, their rcsources and their design. S '

Rccummendatiau i un page 5“ uf your teport is not - iacansistent witb :he dhove
"statement,. but. yau do not indicate what criteria determine the "satisfactary
enviranmvn:‘\ <In ACAP ‘we have. identified two areas which we believe should’ be’_;~
examined in this connection.# One is. the oppartunity for the students' development
through” informal “{ntellectual- discussion with a peer- group. with common engincering
or scientific -interests.  This peer group need not consist only of students;. it may
also include. yost-dcc:oral fullaws.< it. need not be confined to one departmen:,
“shut- may- include students in other departments if there- {s a real sharing -of research’
<interests. 'The second main area for cousideration has, we feel, to do with graduate
. courses, Assuming that a course with, say, 5 or .6 students who interact is a
_.much more satisfactory-experience. than one with 1 or 2 students, we see that the

. desirable enrolment size is a function of course structure. If there wexe a
programme which did pot require coutses, this second criterion of size would not

- dpplys  But if it is felt that students should take a substantial number of
- courses ( as appears to be the case in all the Ontarie departments), then the
._cqnaideration 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

o structure, post-doctoral and master's population and interdepartmental collahoration.
" Qffer an academically sound experience for the student, while other departments
‘”1with the same enrolment may not. Each case needs evaluation separately.

“This brings us back again to the desirability of your giving a detailed analysis
of .each university. . We request evaluation of quality by area of study of cach

~ department, including an analysis of the kind of intellectual milieu establ ished .
for a student by the enrolment size. \

I uupe vou realize that we have a problem of reconciling Lhe 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.
0f course nat all itq details are accepted by everyone, but the style and coverage
- of the report has not' been attacked. P enclose a copy, since It may make clearer
hxt I have been trylag th say in this'letter.

.After vou have had a short interval to consider the letter, 1 shall telgphone
Professor Meyerhof to discuss the mechanism of your response. We need your assistance.

Y_{}ur&; sincerely,

M. &, Preston

. MARfeew
" Fpelognres,
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it cheetnical emginecring consultan(s’ reporg. ka‘!.»w- willeboe na
rﬁ:‘:ap,ru*xu ‘*\z.rn'wnt ?ip’nx Windsor *'nac»thvwr AW ulevrﬁitxv‘.
e * u;rg .gntxun;A .n o ptgvzuus ~sutioq._ ltvxs-ﬁmnvrtant {hd& thx uwubuitdntaﬂ;;{;
repert Ld e university and diso i} ixm* ;:‘mxp rv.wgc\nﬁ\ s hp‘ rmx‘f at Uw '
sopae Uame as thi A A f'x ;hn t . o

Revcives i ¥ Tty 20

Ui tevomme n. ._J ,’L.“xi tnu Dise 1;.:11:1\ 4 xmzp njt_mg;tl,i v oPdent ifv
Cione areds of - eleatrioal »urxnxvrxuh which they consider relevang
e the present and fature geeds of vanadi and make thedr $indiags

} Coavaitable te the granting agenctes-and various.asseciations.of .
{" Induntry in order to ,,t‘:s.zuht\. 4 cont unxin@ dialdgdc with 1ndustr‘

Cother adscipline troups sl also Cuensider this rd-umﬁu&min.i fan.

ey ,:-',:-mi.n Jon 1

e iR recvommemded that caricton University vonbinue {twdovtaeral
' s Wty i oelestrical engineoring according to its plyns.

Tl Lware i celevirteal enainveriag gl Garleton is divided into twe departionts,
Plectronies amd aterials lu“im't ring which inc ltl(i(«fi salid state dcviw
vioctrondes, vaircaits .-lnu irenit theory, I'lix Fowave o T&’LLIODLL‘: .md ¢ iu Ll‘nn
b systems and proososses amd the Svstems Paginvering programme which
AR S owoncentrates an information systems such as communications and signal
T cprocessiag, decision and control, digital systems design and seoftware
P casinvering, jhe eaverdage within these two arcas §s well integratoed,
cootdinated and appropriate for PLD training.  The enrolment increase. proposed
by carfeten bs within the cowpetence and capability of the present staff.

BT n«i RS T A

o Tooin roevtmended thut MeMaster Cadverslty continue its deotoral
- wark in o electtvical enpipnecring avcording to its pland, '
Mertinter horo outntanding strength o throee areds of graduaste research and has
planc to strengthen o tourth.  Thome are commupications amd data provessing,
sede bhioe amd Jesian, miterials ang devices and, tastie, medical eleetronice.,,
Vie olectrival engineeriog prostraone ot MeMaster is of hidgh quallity, witihr a
Crirendie tives el laenie aculiyy,
Tovenargmeartat oy, 003
e i rvecemaeanded that the Dndveralty ot i Pt continue to ot fer
sen toraloprograeae ia eleceric ! vt fneer iny restricted to Lthoeses in
. Jiital conmunicat fon svstens and large-scale svetoems.,  This
o limited programme I8 to be appralsed as svon as possible,
o parelsent ot sew stadents should cesde as of Doecenber, (47 11 0
A Cavourable opopraisal taans not beon obtained.,
_ o .
.
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ihe d;pgrttht Satg tawa ﬁpﬁridiféﬁ in Lhr;e’&reaa,'ccmmunigatJQn byatems,"“

contrel aad svstems, and computer. engineg:ing._ with a faculty. of-11, the = .

comsulfants o1t that they were spread over a rather large ares of Ulcttritdi
enginverime oA suadd dcpd{{ment with ‘a small number: of htdff.dﬂd students

can aperate an effestive dJoctoral prngrdmmc only. with competent professors,

gumyi<muntfr' Trelds ot study and ane xdgquALc'rnga:gh enviroamengs - The w0

_\nuaultauts rcaummuud dxnaantinning the prohramnu’ ACAD has considered both

the consnitant =" report and the undwers eVt s comments and has corcluded that -~
vgtawa hag -a; ‘anttibutxnn to. make to hrdduatu eieétrical Lngiﬂp&:inb aeudv S

“in upvrxtin; ! spuxi&ll”cd programnc Qf lamxtud bcupu and enrolment.:qs

s

Reas _":_r":ﬂ}d.;t. i}u_n' _i‘..lfé 8
it i ﬁ&tﬂﬂmﬁndﬁd thdt quun 5. .niersicv Luuninue Lth prﬁgtdmmn»”
Shar eTestridal s pnpioceging gunxencrating in thu rammuni;stxvua and-
Cavestesin, fdebds, w?ﬂ@ u&tdsiundllv a4 ptudent. in cognate. areas. of

Celectronics oml endrgy pfﬂkuﬁklng. “Anv prupowed uubstantill"‘
Aeve iopwent in these latter fwo fields would be submittoed, for
Cappradsals It s 11»0 reconmended that the” d;partm;nt maintdiﬂ

ecinrolment 41 its present lgvci

WA, a

Gl araeas , 7<§«u£J1§z3Liuq»1t"Qucou' are &OmmunLLdLians, Hthcmb
“!nlaxtznn.‘a, Al energy processing. Ihm consultants state that the work

1o vorsmnications is gemd bat is only tair in . systems, and ‘that the
'vgpn:t it shonld nop offer a programme in the latter two flelds on a

Lo resular basis. HQA@Y‘T, we suggest that an cccasional student be alinwed
"t odo o thesie in oone of these fields.  ACAP accepts the consultants’ vicw
Cabaut earoluent which was made on academic growmds, oot for planning

U Dds ol

-
o2
e L e pem @ et s e = o —

It is recompended that the tniversiry of Toronto continue its
Toetoral work in clectrical engineering according to its plans.

Graduaate work at tae University of Toronto covers seven dreas including
Cutadic At ions, computers, coutrol, power devices and systems, solid state
cloctromnics, wave scicnces, and hxomedi«al clectronscs. The CGVcrage of -

CLhese 1 hedds is owore than adequate and Toronto's "star- -studded" faculty

are sproad over the deven wreds indicating significant breadth across the
departsent, dhe consultants conelude tggazﬁhe Toronto department compares

Ctavoarat iy o with o any of the wajor Instflutidnhs in North America.
, ¥ J

it mmendat fon Loo
: - . | \
, 11ty recoaanendad tindt the 'L-ﬂi\flf{‘__\f of Wdterloe continue its

- dovtoral wors in vlwwtrical'gug' uering avgarding to its plans.
e nlvvraiiv of kdtgxluu Lonsvntrtt‘s in {five major arcas including ’
computers and communications: control, systems and networks; devices, circutts.
and materials: puwer vngineering and, antennas and electromagnuetic o -
crcineering. Thersoare two ioor kaids, b:utnviuvvrinv and clevtrancountios,
aiid these fiehds shonld be limited in size to the present level of activity.
With Waterlou's highly competent faculty and well-equipped facilities, there
feooms o guestion that the enroipent level pidnnud bv Waterloo can be accommodated.




e

Toare Hsted on opage A-14,

Vi, ‘.}: \.'1\ilkkbhl\g“

fhere ared number of- uvﬂé%di'rgLommendacioas“éhd comnents made inthe

moecimnical guvxnUwrtny cimsailtant ' reportTthat are aimed "at- the s}atém : o
s s aewhe e Rggummcndatiun& f I8 thg indiv&duai uﬂiVLrbitiLs fuliow thi»~ :j;%f;¢‘
i‘.ﬂ‘}'x‘ we e !\H Bey ! zm). ' )

Ih; mp;hAnxaaI cnhxnpprinb xnnhult&ntb do. nu; xnticipate Jnv overauppix uf
Smechanical engineers. -Thoy hglicze no "artificial edict” is.pecessary to
’«anzruz the nueber of; Phﬂb. e the contrary, they saggest. ‘the: prehi»m

will %vfduv o JVALIihiixty of &ood studants._ The cunsultauca tliink

th;t Ontario mihht, in fdtt, huv; a shnrtagg of mechanlgal eng;ncvrw.

”Trud&{iuuxl'cisﬁwikal" vet;us 3pp§ied‘ reaeerh prﬂiecis aud a ahifz i
'.d“hd%iﬁ of cntudy are the next problems attacked by the consultants. . Thav
feal. thaa th doctoral education ot Lu4&y should ghift mofe towards prorcL5
aml dvss'n 1cgivxtv. fo this end,. thev advocate inereased dialogae anet
nxyv ration with gutside agencies suchy as ipdustry and. goverament . HIf
clowh gt che problems before us today in the fields of energy, Lranqpnrtation,
Sor the envireament, it is apparent that there are many gaps in the knuwledge

“ which shonld e attacked systoemat fvally to provide the basic design data -

which is esseotial to advances in enyineering and advances generally in

tochmology o the broad front”,  The consultants also recommend a change in

‘enpliasiys dn (felds of studv. some arcas ot regearch that need to be developed

“The consultants do not condene departments that attémpt to be good in all |
fiedds, Thev feel specialization is the key and that ' eonsiderable aelectivity

s required in the choice of 4 particular area of concentrated effort™. This

'

“cholee of areas of concentrarion should be left up to the universities. ACAP
agrees with this outloskh but notes that the initiatives of each department in
vntario are matters tor collective congsideration 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 {ts pnormal role, would continue to -
consider the development of new areas of graduate study and the possible entry
into neglocted flelds in mechanical cngineering in Ontario and would make
recarmendat oy to MAP where change is desirable.

Siiother problen the mechanical engincering consultants addressed was the one

of faculty age. Since the tntario universities have been through ap expansionary
period In the sixties, a large proportion of the faculty is below 43 years old,
<uttsequent ly Licking somethiog in maturity and indoestrial expericnce.  The
cveasultuants feel that although the retirements in the next several yvears will

“bhe foew, the undversities chould take these opportunitics to introduce new bInod
by appointing faculty with indnstrial experience.

f

it is important that the consultants’ report and the unidversity and.

- discipline group responses be read at the same time as this ACAP report.

~
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It ;\, m nmmemh.d Lhat f ariu{un,' \f(-:\ uxv xmi fhmu:t Lniwrsz:wa .
,"Ca\ntinué their dur{nr al pml,, ampes - in wed %nmmi eng,lueur ing and.
?-'during, the TcomimgT v .n“'g,ive«ym“ fuls congidetation to the-fea .‘ibzlnv

ux @ stronger devoelepment of foci of Lntcrust-in thg apecdial aress -

of strengths supgestud by the &Qﬂsttitduth. “PheUniversities are

re qm_ﬂatud tn report sto <Hl Gl oS ]Jmnsgi FUACATY, durin;v tm hﬂ}
»91.193), gn ;hgnr;huLaC.ggnphq§i;;nn*iderltfona.“f

.3 .

' The Mae imn hal H}ginecrm; ¢ \msuit ntw, Lin tiwlz‘ \zddn nd;m, }21\1.‘ Vi duabh_ S

suggestions for focussing research et ivities lu. each department These
suggestions appear to bes b.chz on beth planuing srrmmds and grounds of -
a_uldemx_n qualityy-but abternat ive Cresearch feel mvonot YO rz;iul out.. ...
Consegquent iy, AUAP recoimnends that the three dmtorxi programmes vontinue
but that cach unuurﬁxtv nole t‘x;. u~'x-uit mls .Llu ‘-xx&‘ﬂt.h rmd u:pot t.on |
progreas in a vear's time.

Re‘ o*lmcmiat ion C28

It is recommam'tm:, if the Vniversity of Ottaws wishes to

redctivate o doctoral programen: o mechanical enpineeriog, it
pive careful consideration to alloving some further maturing ol
0 the department before applving for appraisal,

The consultants, in their remarks concerning the University ot Ot tawi,

‘page A-17, recommend that the work in the Mechanical Emyineering Department
be incorporated im an interdisciplinary programm: fead’ng to m undesipnated
PhD) degree.  ACAP sotes the university response, paee =14, which states that
thev wish Lo “reactivate” the doctorat prograame, before discussion of this
fnew proposal. we do not at this tisme make o recommenddt ion on thic future
form of e¢ngincering Phd) work at the University of uttawa. there appear to
be no planning reasons why-there should et be 2 programme at Ottaws in .
mechanical engineering, bur the consultants have serious reservations abuout
the suitability of # number of the resvarch projects of the department and
about the Hmired industrial ceperivnce of {ts staff acmbers.

E\eu:x mwmi.it fan 4 N

It 35 recommended that the University ob doromto cont inie its doctoral
programowes in medchantcal - emdneering iu its Departoent of Mechanical
Dopincering and (he flepirtaoent ot Acrospgace Stadies and Lngineering.

AUAP supgests that the Vniversity consider the consul tants® recosmenddtion

of a.greater concentration of research activities ol the Departient i
Mechianical Facsincering on mator probloms of national concern. Tt is

Pocogmmonded il Ciee Ymivoraites infors ol md OCUS throuch ACAP, dur'imt"
the Fall oot Tlshy ot ant docisions Laven,
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e '-’j‘x u mnzm,lgm _ .\‘n wm am's 1.\( nrmz\t.

rhiSuSts‘an ni thv \a\r rupnrt hlil stl w;th the rc‘ummenddtxnna Ioundqy,_m
'nwfﬂc4m\txllvr;1\di 1;tn\d"£n§ consultants' report.  There will be no
Faeboronnesto Western datay o Wikdeor slnce these two undversit ey -
ch;g'z«ntxuned in a previous section. It is important that the consultants’
rgpnri.inq the univefsity-and disnlpllnu aroup responaus be Tcdd at thic

3 Tt.‘x s tads Ad A r‘;;‘!nf‘{._» :
eemendit o O3t

T1C s Fecomaended thiat the giniversitices take ndte of the consiltanes'

SE JON .ux\cmhu fons 1, _N,', 3band | 3&,-' dealing with ‘the-weakness in 'm.-rt;u"n' o

T-t;vld\ 0T s tady e ‘the provigeesaad th&t ‘thie, Di&xlplina_hrnup Teport.s “
-";a XL&P on Jnv.agtion tkau in LOﬁbQQHQnC af thusc rucmmgndations. e

Yhﬁ_'\wauitsnts txn& 1: squstIng that therc s 80 Iittlc'effort in the_‘
ceramics’ and ailanses {lelds ot studyv, . tven more striking to them is th\""‘
absence of any work in pdlyMurp in the Departments of Matallurgy and Materials
Cfnedneering. Lir thelr first fow. re¢commendations, they consider it very . . e
Tmportant te rectifyv these nghic\ccd arvas and ACAP. feels this s a job for
the nra;xplxﬂb Group. . They also feel it is {mportant to btrengthen-dlrpddy
existing arcas of studv and in plrt;vulax create at least one interndlxuﬂallv—

known centre of materials secience activity.

_J;~n\ncadutiun tj_

It is recommended that MeMaster University continue {ts doctoral

programmes in materials science and extractive met.'lurgy, and

noting the strength attributed to these programmes by the consultants)
miake g geoort in the fall of 1975 on the following suggestions for =
improvement:?

t. recruitsees of students with physics and chemistry
backurounds

b strongthening of theeextractive metallorgy faculty
. cotiaboration witis Torente

Fre materials scicnce progpramme at McMaster is considered by the consultants
to be tie beot programme of this kind in Ontarie and probably in Canada. 1t
Pe (e ondy prowramme that covers adequately the basic sclence related to
A1) ¢ asses of sateriats including polymers. The enrolment could he easlily
Joubled without developing the need for any signifiecaat ircrease in resources
alt weaced to the programme, but enrelment, here, is limited 49 in so manv
otler areas af enginecring, by the nunber of qualified students. '

ihe extvaetive metallurgy prog rxmmu although ot as strung as the miterials
sg it e one, prevides vory suitable research for the doctoral thesis. The
Fag e ot Une prouaramne -is, hewevery fnadequate -but covperation with othey

ot o enartwent e amd with the Paiversite of Toronto will greatly enhance

AR A4
T Uik anerat byt tel S propramse.
B
m;;ﬁﬁ
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\i \} Tdtepests i R Master wopsider ‘“Lh‘t""ﬁ;w(i fits pul  forward by, the |
.HU\Hitlﬁtsiﬁnu, bit Cthe amiversity report to A&AP on anv action taken

Iy 1 N R T iy

.‘.‘{1“ B ¥ AT S A AR FPST R R R b A S

\_\_ 5 i:’.:_";:xc;:;._i}x't_ ..i_.“_’,‘i 33

1( s rm nm*zunnud g’ut Hm v’y ixn\'x'ralty aontlmi Lta duf:tur 13_

3M.F_deA v phvsival-oetal larey -aad d;a;uu&inne':he do‘tortl nt¢§r4mms _i;m”f.

oAl ractive et aliurvvland mzntxal'cnbinwerxnk as it now exists
iﬂdhLLpfdxg-» ﬂhy:¢n~cu11x~cé programme invaiving prcteabark ;nv
C.other depattsients 4% sugpested in the consultants' report. This |
Cnew . programemeshould be pprlisvd and this shouid be- cumpletcd by
Coscember T3, Frus 0 Queenrsidoes nog-wish»to,nnlqrbq,*th-

S prearas mw in entlractive :*u.‘tdl‘iur;’t\" and ‘mineral ui;,ihcerin;,;'thg
Copresest progtamme should be put forward Immediately for:appraisad,
ceds ing to enrel new studeats by une 30, 1975 4if a fgvcurablu.

Cappraisal 15 not obitained. -

fhe vonsattont conshier the pragramme in physical mdtaliurgy at Queen’s
Aol traditional Lvpe of progranne taupht by yuuﬁg”ahd'talpntcd;ﬁnwnty;
Althousa Bt wonbd make o auitable base on whiich to build a pregramme in

’:;'ut‘-t':’.:i,:: cltgtiteering, the consuitants Jdo net recommend that Qu;:,eu's do so.,

i prograrae in estractive megadiburgyy on cthe sther hand, is not 80 well .
A1t. 10 i ween By othe coasnltants to be inadequate in its present form,

Wi tooyoanall o ranse of cotrses, too Hisited an amount cof rescarch

dgotivite, and incfiective Interactions with other depaf&mgnﬁs‘and-pEOgrammus.
sut the consultants feel it is necessary to strengthen and develop this fleld,
S arbviide the acoded Pho periddunres did siinfain thm"s part in a histary

oot Jeadershiip in Cmanda o wineral enpincering, geology and related fields.

e calarged propranme ot extractive setallurgy is envisaged by the consultants
tocvnnint Gl suetet o the Pepartaeats of Metallurgleal Enginecring, '
hesioal bepinecrine Mindng Posinecr ine oand Ceologve ACAP realizes that
Coemerat fosr ot be legislated, but it omust have sone formal structure in
GLacr e hane L Vil lons profesnors awafe af | their part in o cooperative
ventere ! o are thie recopniticn ot thelr departments for the effort

Jevot o o i ventare. ' o ' '

RYETRNETI I TRT L X3 SUS SRESPREY SN S

Fo b yecomoended that tie tariversafte ot foronto contine its
St ad proctanies in its Separtsent of Meralluregy and Materials
Soiernrree 1T s suosastod thal Torente give caretful consideration
cetiaa s recowmenddt fons concerning broadenimg the

. e 0l

- FARITIVE M PULREE NI T RS S S {1"t\"..':uxhd&-n Huf the University report o

Lot thyouah ACGAY by Sertenber, P2YS on oany propress made in this

,,.:utx.m

-
ot oy et o b et ot Sy tor it araadiate word S gt v rive
T O T e S v bt ot ot o b Pimitad: thls situation couuld



bhe 'mxrnvnd thrnuph rnnpnrzt:nn with Mv“nstvr. Thn rnnsultants iv«l th:x
would vrnvtdu ¥ gnnd Base frnmkwhf ‘h to develan o programme in mineral
g invering. and ottractzvg Mt tallurgy nnd they advise the university to-

. d\‘\ S,

fn. !ddxt!ﬂn tn tﬁvsv khﬂ wnrk :n vxtrxrtivu mutlllurgv thvrv‘f§wwﬁ6fh(fff
sproup ot ﬁrnivsﬂnrs a7 the depariment whol desoribe the iy work s’ ﬂhV%ivJI
ovtallorey and matvraais research, Theqe people workine with added. f
'W(&l(llﬁfﬁ 1n pnlvnars and clt<tr:eal &nd optical nproncett fes of fiterials.

would tare 3 ;rﬂnb &1n1hlg~(~! ﬁﬁﬂntinﬁ n qtﬁv:tantr11 prngrqmvu' in-mtttrsils:fﬁ57»*~f

tﬁplﬂ\(fiﬂﬂ. o

“'Rccnmmpndatinn €45

It i« recommended that the Fniversity af Haterloo contimue its
' unhxngvrxnz doctoral work in-extractive -and NYOCC|S Mot alfurgv
and in metallurpical engineering and materials seience acrording

Cdatertoo has no specitic prngiammo in materials nnd does not offer a Phb

fabelled ax metallurgical enginecring or any allgyd fieeld. Instead, %tudenas
dre- trained.ip oxtractive metallurgv in the Department of Chemical Eneineering
T and there is a group of metallurgists and materials scientists in the
" Mechanical Enginecring department. The consultants felt their effart was

af- Ruch high qualitv that if this group were constituted as an administrative
‘ unrt, thev would be the stroneest and most comprehensive graduate nropramme
'fxn materials. engineering. in the province. .The consultants recommend. setting.
_ r‘a_sgparate administrative structure. However, the unit {all in one
‘department} appears to function «c¢il without separate administration and
SACAD dous not feel that such a structure is imperative., Vaterioo will,

ria doubt, consider the consultants' suggestion.
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Yhi%'~u<ti‘nx ‘o1 the u \P rnpu:z w£31 ‘hxgl with the re‘tnmnenddtionx fuund

in the xndustriti tnbincﬁflnb and - svst;ma design’ gvnbﬁltéﬂtb repoxt,

It will contain.recommendations on the iniver31tigs of Terento and k@tcrlov._
ALAP suggests that the University of Nindxor take ‘careful note of the -
re(ﬂmmendazienw made. in this consultants! . repore. but at thistime ACAY.

makes’ oo wped il rQLomandatiunb um duutuxdl work ‘in industriul engineccing -

) ,.pazntn‘

at . bindqor since-i: is part—ct che eariiep Re:emmendation—hll. gu~~f:-m.~—~-w:mu‘

‘lhelbcne al rekoﬂmendgtiona in thiq npurt egho mdnv ot thuse found in ;he:;

varlier consultants® rgports. Ihesa ganaultants estimatas of ‘manpower

-~upp1v"And demand. ¢ losely reliow thone made by the other consultants and -

irﬂ'dibtnbﬁfd more fully in- the second part of this \FAP regort.. Relited-
to this s the aeed Lo fnerease the tanddian content in- nngineering v
prugtlmmc§. ht&unmgnddtkdﬂb {1 and €3 ref;r Sp&Liiiu&liY teo thtbe SENY

6

MCAT nates tint tnv nnSVchitivs.dQ nut fongxd&r tnp ;stzhlzshment ut‘ -

“aveeordinating committae ta be very impurtdnt.r Ve hupn that talks are

nofual v tuking place betwsdn the three departments dad that “they will:

Teontinue,  ACAP feels there is no aeed to set up a formal Disciplioe tGroup

D to wensure discussions but if those concerned wish to do so It can be arranged.

Anain, as {n the other consultanty' roports there is seen to be a need to

ccirculate information to the <tudent concerning the various programmes in
crorder to ecasure he selects the programme best suited to his objectives.
~ This preblem has been addressed by Recommendatioa (7.

. ACAP endorses the comsultants' recommendatlons 6,7,8,9 and 11 and does not

~wishh to make any par- icular comments on these recommendations.

.Euu\mwuudztluﬂ (Sx

It is recommended that the Voniversity of . Toronto continue {ts doctoral
work in human factaru enyinecring, managenent information systems and
aperations research.

In its response to the consultunts' report, the Unfversity of Toronto seems

in peneral agrecment with the recommendations made concerning its programme.
ACAY notes that the bDepartment has alreadvy made the appointment suggested in
recommendat fon 3. 1 A

An tar as future enrolment s concerned, AUAP supgpests the university continue
to expect approximately the same enrolment as it now enjoys. In accordance
with standard appraisal procvedures, a shitt in fields of gpecialization to

cprogsrammes in healtn systams and energy systems would reguire referral te the

CAppraisals Committee to determine whether or not an appralsal is necessary,




A revicw of the enrdlment expes Cations would be made a that fime. -

- For the present, g contipued output ot 3 or 4 Phils a. year should be
"expthvi hv'tne*uniersitv. fhis .should mnot be regarded as @ quota but’

'rdthct\d\ the outeome  of- the. prbsent situatlion of fewer qudlified
'studxut and falling enrolmenta.; It .should. be noted that | the" Universicv
o1 Torento has maintained a high.percentage of; Canadians in its industridl

,‘engxnvuring prugramme ‘{n comparison to ‘other: engineering programme% buth
“in tH\ tn;versifv ot luruntq and e!,pmhere.-.

, -hs'f s n_«i *.tis& ;_'}:i B
>.A£. is fklUWmcnou LhAL Lhu tniv:raity cf kdterlou ;ontinue itq’

dﬂ\{ﬂld} pxﬂgrdmmv in &Vshems deakgn.- .
"'\t\P tlhnﬁ not; of the stpﬁnbL of the UniVe:qity of HaCerloo to th;
.kOQnuiidﬁit' various recommendations concerning the Department’s isolatiaﬁ,
its "soft' course content aud the quality. of recent staff appeintees..
“”w\pxtn the possibility that enrolmeats may. increase in this field and
despite the comments from-the Universitv, ACAP considers that Waterloo
Shonld pive careful atteation to the consultants’ recommendations for
'«tr‘nvth‘nxnp the programme bofurv in‘rvasing the enrolm&nt.

al v x
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RELGMMENDATIONS

The principdl recommendatiuna af thL consulcants are as follows.
.uencrai o
: We recommend tha;, r&lating to ductoral programmes in the Province’¢ H
of Untdrio. I ‘ s : 7

The subqtantial effcrt in extractive (cbemical) metallurgy already
__inscing Ain- some univ;rsities ia Ontario be further strengthened. ‘

L ac 1eaét one cf the existing_ptogvammes in materials science{be B
 strengrhened to ensure- that-there will-remain in Ontario. a materials.
seience activity of international stature.

_ 3&.- Wherever viable pragrammes in metaliurgical, ceramic or polymer
engineering exist they be combined and augmented to develﬁp strong’
progrzmmeq in materialb engineeriag. N -

Sb. The proportion of the effort in materials engineering devoted
Lo xer!migq and glasses be ingreaqed.

, 3&. At leaat one materials engineering department be established

- or expanded in an Ontario university to develop a strong progranme in
.polymeric materials integrated with a general materials engineering
pfvgramme‘

We recommend thag:

N 1. The figures fof anticipated demand in 1974-75 for PhDs in Ontario
in 'mining, wetallurgy 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 accordimgly. Most of the necessary substantial
increase in the output of PhDs should be from departments with comprehen—
sive programmes in materials engincering arxmaterials science or both,

2. Efforts to recruit a larger proportion of the PhD students from
tae graduates of Canadian undergraduate programmes should be continued and
fntensified., The stipends paid to Canadian graduate students are inadequate
to Jttrdtt a sufficient number and should be increased substantially.

We ré‘ummend that graduatc programmes 1vailable to students vntering
materials science and materials engineering from other undergraduate
_ programues should be designed to make the transition as meaningful as
v possible, and also te attract students into the subject area. Graduate
~ programmes should be examined with this objective in mind. '
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{ndiéiduallCnivgréitiesf 3

. MeMaster

Wo rvoammend that the preeminent position in Canada of the mnterials

' Hkivﬂkv progr&mme‘at %c%aster University be tecognized-. The' programme
- should be espanded and.the efforts. of the. facuL;y members to recruit

good atudengs from undergraduate’ programmes An phybica and chemistry ‘\\ ,fﬂl-

fthQId b; bupported energeticailv.

he recommend chat the pnogrdmme i) extractive mctallurgy at McMabter {"“ ‘€
»;lnxvursicv-be strengthened by adding one: faculty member. and: by increasing
"t he pdrtixipdtiun of appropriate faculty members from the Department of -

Chemical Engineering: - Collaboration: with the complementary extractive

group 1& the University of Toronto should be continued and extended.

<

‘i'br«mt Y

We. recommend that the outstanding preogramme in extractive metallurgy

at foronta be recogniaed and used as a base from which to develop a

farper and hruader programme in mxneral engineering dﬂd extrathve metall-
UrRy.

We recommend that a full-scale graduate programme in materials engin-
cvring be developed at the University of Toronto by the addition of
faculty members in -appropriate speclalizations to the Department of
MeraltTirgy dnd Matérials Science (whith should change its name). " Coovpera=
tion with faculty members in other engineering and science departments who
have an interest in the application of materials should be developed and
expanded.,

Gueent s

ke recommend that: .

1. ihe programme in extractive metallurgy be replaced by an enlarged
programme In extractive metallurgy and mineral engineering developed jointly
o faculty members from the Departments of Metallurgical Engineering,
Ciremical Engineering, Mianing Engineering and Geology.

2. ihe Phl programme in phyvsical metallurgy be maintained.

\'x lﬁL‘Tiﬂn
Cwe recommend that the Faeulty of Engineering bhe urged to reexamine the
proposition that some administrative and organizational structure be
develoed toe give colierence and visibility to a graduate programme in
4 I3 - ?ﬁ I g

cmaterials engineering,
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s We e nmmund timt. the tfurts af. thg fdcult\’ mt.mbt!rb uf the Depdrtmcnt
n’__Ayiﬁtcrfng Wateriais to. integrate‘their graduate work ‘with- that of tlie

'hxvi~xona Gt Structures and of Lnginenrinb ?rutnbs Design should be en—
canraged and suppnrted financiallv.

}hv zgunmmend Lhat mure attcntion b giveu to in:eruniveraity cuoperation
H? lfh

vi furt bc dix’umtcd tuwarda Lhc devrlop-

A .
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- e -

Che form of (uﬂrdinatgd course transter at the gAsduatv IQVLi

uf thr‘
nr_;fad&ate instruct fon and‘scmxnars, and of

the siutrgd construction and operation of expensive research facilities.
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fronrerion

‘ Ihu»studv gtuup diregted hv ’hxlip A. Lapp reported in Rinh u: Aron:
”X Study of. Ejgineeriggfhduvation in Ontario. (December 1970) that, they were -
voucerned. over the rapid growth of i) studles {in engineering) in unrario. -
wf the 1893 graduate ‘student s (Lnroiled) in- 1969-?9 more than 600 were - I
“ductoral capdidates: They recommended that the total number of .sugh
students; in the ‘system not- U\CLEd 450 by the year 1973-74 .and remai“ at_ .o
- that zlburu"until update~73n the. nex& roviaw. “The r écnmmcnded dlﬁtr:butxon_
ot the: dnctoral enrolments is- listed iw Table: Iﬁ~4 an page 64 of the
rgpnr:.; Far the six univgraznxcp of -Interest dn the present.s tud) oL
metatlorgy and materials. programmes, -the Phil- enr@iments‘in ongineering

far. 147 3=74 regommendod vy the Lapp report -are. 390 iee., MoMaster 43,

Caueonts 9%, Toromto 165, Waterloo. 125, Western.O, ‘kindsur, 0. The report

Cdues noet break down the figures to indicate the number teo be enrolled in’

Cthee different ongineering disciplines. Llearly, the recemrendation is
cothat th- programmes related to materials ip Western and Windsor sbould be
_wlininated along with other engineering programmes of these universities.

o In their rosponsce to the 1970 Lapp report. the Committee of tmtario

Ceans of Engineering. (COPL), supported the veduction of the total fulil-
{inee PhiY enrolment in the system and accepted a level of 334 as being

redsomtbie for the vear 1974-75, having regard for the current utlilizof ion
Cof Pl ograduates.  However, ther dId not accept thie recommendation that
' programmes be eliminatoed at both Western and Windsor., . They expressed
tiae view that the future oft these, as of all PhD programmes in the sesteng
o sboudd be determined on the basis uof academic quality and demand.

fhe Council of tntario Universicies (CoU) felt that the Lapp report
did not fully document the figures given tor individual universities in
vat:le 1o-4 (page 69) of the report, nor were thev satisfied with the ,
relsens given for the elimination of certain doctoral programmes. COF agreod
si b Cobh dand oCOs (ntario Council on Graduate Studies) that attention '
4t he given to the number of doctoral candidates by disciplines as wetl s
S‘ uaiversities,  In thelr report of Gctober 1971, written in responsc ted
phaee 1970 Lapp report, thie Council of Ontario ﬂniversities_recnmmunded tlnit,
por the vear 1972+73, doctoral enrolment bhe reduced in each university below
the rredected flgure for 1471-72 by a pro rata percentage In order to
;ruvxdu 612 doctoral candidates, (the number reguired to achicve ¢ he targot |
1wt in P74«7%) . Preliminary acceptance of the 0CGS method for reducing
the Vh enrolment (by limiting new entrants to Phi) programmes to achieve a
ot ot wostern number of 450 by 197545751 {s based on plans feor discivlire
RERSREA AT SV ERETEE BN AT 1 Sy respecting LD programres, to bhe initiated dsmediafad
anad comnleted as rapidle as possible. Such assessments will be carricd out
wou Al ip cooperation with CODES they are te incorporate capabilitye, demand,
dind gqual ity correlates, and are to be used to provide speciflc FVL“RWNUJJ&XGH
Croctaftees bn the total Phi enrolment and the division of the enrolment xmn”h
i vedoge s omd disvipliness Toe aueesisrentn are Lo odncorporale oo revies o
e ettects ol the pro rata redactions in 1972=713 and to recomnme nd 2 omecnanis

(‘
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for xnntznuing rvvivk At thw PUiY enrolments. K Assdessmen  arocodures. were
~worked out by ACAP-in” cooperat fon. with (’GHLi in terms of which . gn5ineer1ng-
Cdiscieline groups were established: - in March 1972 the COU dpproved the
"wru‘cduykﬁ gnd cgrms ni rex«rynnv uhxzh ALAP and LODI rc;nmmcnded. :

1L~~L< ch rgpurt uf thu LnasniLGts Lu thﬁ- %etdllur31L31 Lngxnaer-‘,
'ing U1skxplsne Group. By thuar termsx of reference,. the cossultants were. ...
dsk&d tu 1) consider the mdteria‘ prcpdled by -the. dibcigline group and. the
»unxvcrsatiw» and obtain other data they mavy require to carry out’ the. Laak,
assigned- to them, 2). réport wn the ddrquﬂ:v of: the present -stale] uf <ﬂi’1thV -
doctoratl work - in 'Wgtaiiur5ica1 Engincering' in the Proviance of Untarxn R
.lﬂ»;vﬂvfli'dnd in each university wneranppiiLablu' 3) ‘make recommendations.. .
for: the development of doctural work 4n-the fields’ of this - a:sebbmenc. gdan o T A
Untd{xu..auCngn 1973 and 1978. The terms of reference are-set out in ’ '

detail in Appendix 1.

EYTLRPRLTATIU Gx :Ex&LLLRGICAL h\bi?bei\{

{saJitiunallv metallurgicaa ungxneering encempasaes two main hr&nghes,

-fjexaractzve metallurgy and physical metallurgy. While extractive metallurgy

has remiined a well=defined discipline, phyaical metallurgy has merged intu

ffthe growing engincering science concerned with the whole range. of materials,

of interest to engineers. These materials include metals, ceramics, giasseb
Copolvmers, clectronic materials, composltes, materials developed specially

. for their optical properties, magnetic materials, and others. In modaern
programmes about materials, a ttention may be focused on the basic science
common to all such materials or upon the technologies and engineering o
application of one or more different types.

It has been found to be convenient to subdivide the study of engineer-
ing materials intwe two.-parts, materials science and materials engineering.
- “tapy departments i{n engineering schools carry one er both of these designa-
tions fn their title. We will adopt the simple view that the activities of
the faculty and students in the departments ander consideration can be
described as either e: traatxvc mctzl}urg\ materials engineering, or nmterxals
suience. :

C There are in most universities, in addition, professors and stadents
working on materials, scattered amongst many departments of engincering and
pure sclence facultices. They are tov he found in depurtments of applied
mathematics, physics, chemistry, environmental scionce, biolopical sciences,
mdoa whole range . of varth and space sciences.  In addition, there are many
engineers concerned primarily with materials problems who are working in
S depirtoents of ongineering other than those. designated as materials depart-
ments,  All of these scientists and engineers ¢an be described as specialists
in a specified discipline with particelar interests in materials, in contrast
with srientists and eagincers working In materials departments, who have a
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primary intervst in materi&la Jnd a apegxsl interest in. the appiicatiun
ol materials in gngxnvgriuh. “hiI¢ Wi lnterpret our terms of refergnyu
Cte mean that we should focus on materials departments and groups, we hive,

"\unsidtred it necessary to take account of the: agtxvitiea of many

,diuit‘ mcmber5 wurkxn& in assvclated ticlda.;

.,1I\ergtxyg mgtaliu;gi haw duvelopgd bggaubc nf the uniqua na&ur; of
the prolesses and problems of the primary metal-producing industries. .
wWhite much of the content of the. diqupiine 1s specialized high.temperature
chienistry, extfactive metallurgists are‘concerned also with hydromet allurgy,
)prubicmﬁ of heat and mass flowy and the unit uperations in. systems of~a -
Kimd- t1mliiar to chemical engineers. ‘The.nature.of the developing. techno=
oy iy much influericed” by .the rdw materidls available and the‘skillh ‘and
limitations of mineral Qﬂglﬂ&tf& who prepare this material for chemical
extraction.  Thus, it is important that extractive metallurgists work in
Cassogiat jon with ingrganic chemists, chemical engineers, and mineral )
-JgnHzagera., it is probably -atso {mportant that there be sSome LOBﬂELtLun
with Ludustrlai ngincera and cconomists.

Latractive me ailurbxatq, met Jiiurgxcai enginecrs and phvsicai
metallurgists are often found together in the same department. Nisturicaii},
thiis association was considered . desirable because the physical metallurgist
was-dealing with metals and allovs, many important properties of which are
sensitive to the chemiecal, thermal, and mechanical history ot the materials,
while the extractive met ailnrgiwt and the metallurgical engineer were _
concersed with an important phase of that history., -In the early develﬁpmunt
o1 steel the level and distributicon of impurities remaining in the steel
dAter ingot seolidification were found to have a large efféct on thé
seciaanical and physical properties of the steel after it had been fabricated.
whilst the importance of impurity levels and distributions is still a topic
~1 vital interest in relation to many engineering materials, the matqrials
~cientists and the materials engineer have, in recent years, concentrated
their attenticn to a much greater extent on the structure-property relation-
ships, particularly as these are affected by solidification and thermo-
rechaanetal tabrication.  The ties between the extractive and physical
metallurgist have, as a consequence, prugresaively weakened. Decause ext ract ive
soetal turgists have a spevial knuwledge of the relevant high-temperature
chomistry, many have been very effective in research on high~temperature
exidation and corrosion, a subject of vital interest to physical metallurgists.,
Sute ertrgetive metallurgists have also maintained an interest in solidifica-
tion, particularly in segregation, a subject of equal interest to many
‘.;,x‘:i metal burpist s, However, there are surprisingly fow departments ino
shiloh tlwese common Interests have been an effective cohestive foree.  Although
v ba uaual e tind extractive metallurgists associated with physical metall-
oimte in department - of metallurgy, there scems to be no compelling reason
tar proterring this asseciation over, for example, the association of extractive

cta?iurg1~tv with chemical engineers.  While it would be possible to have.an .
IR tx:v metallurpy proup withiout anv connection with phyvslcal metallurgy,
i clation wonld be undesirable,  However, it is feusible, and sometimes
Doroe o ctouraetaies bececnatrs, to have sound phvsical me [J]lufs\.



ma:erxxi» engineerxng or materials sgienc  without sny interaction with

‘g\txx«tzvx ﬂutxliurg\.. o R LA T

L The %rcat importanab*uf primary industrics in the economy of Canada .
fesads. o Qmphdﬁlﬁ. There are streag. under§raduaae programmes ‘in-extractive.
riet J}iurh’ in four or.five universities in.Canadaand a sxgniiiaant offort
ig- " bumber ot nthvrq.- The total effort’ in-Canada is, propottionatei?.

substantidide %Fudtur thap:in the United States, the. -diserepancy: refleccing;u3:;jf
the difference in the r;}atiVQ‘importance of primary industries in the two -

Cciumtries.  The Canadian undergraduate programmes appear- to have been
sucresstul dn supplying technolugistb,~huphrvisars, and. managets. for. the:
v\tri(tive industries. Unly a few university departments of metallurgv
 Lﬂ ianada have developed signifiuant research programmes in extractive
merallurgy angd; Lunheque””
found emplovment in the research and .deévelopment sector of Canadian firms
 warking on the extraction of metals and alloys. To some degree, the
 Canadlan mineral Industrics rely upon their own research and development
Cerfort, . There is, however, a pronounced emphasis on short-term research.
ihe need. for the selentific sophistication. expected of a Phd graduatg
“anpedr~ tir Be small, Dut this is a situation which is likely to change
radically in the next few vears.  Fconomic survival will dictate that a
Cbigger proportion of the industries’ resources be devoted to busic as well
as to shnrt~tvzm research, . =

S ‘ﬁatufials~3cienuc, as a LOﬂCﬁPt, has regeived much attentior . articu-
S tarly Ln the United- States, during the last dozen years or so. . The basic
fact is that the science relating to individual classes of materials is,
in large measure, the same for each class of material. The nearer one.
U .~ gots to pure science, the more homogeneous the discipline becomes. The
L, basic material sclences are solid-state physics and solid-state chemistry
: and these are obviously unified disciplines. 1In the past, pliysical
metallurgy, phvsxca} ceramics, and physiaal polvmeric science developed
quite deparately because the extractive, thermal and mechanical processing
were found to be of overriding importance in determining the properiies of
the finished product. Manv 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
conceried with the origins of ceramic materials and the effect of process—
iy upon them. Similarty, the newer interest in polymer engineering has
peen demonstrated by stadies of the effects of various processing treatments
g the properties of the polvimers produced. Immediately after the second
warld war it was realized that a useful and intellectually satisfying
understanding of the effects of various kinds of processing upon the
properties of materials in general could be obtained by a study of the
Jetaited structures of the miterials, as they are affected by processing,
Ciom e amd the relationships between these structures and the physfeal properties of
- ©interest to the engineer.  Thus, the central theme of materials science is
the relationship hetween structure and properties. It is this which provides
1 Y ux“f“_“;t}()n 01 t hee constituent Huhdi*ﬂ xpllnes. Structure. 15 defipned in
Prveasl Lerie o b dtde fhe stracture of oelectron donsiticen, atomic arrange-
cments, suhmicroscopic arrangements of atoms, molecules and detects, as well




Cinterest nor competend

- tine problems deman

A af\-&
e mixros;upi« dnd mdtfdbkﬂplv structure ihg prnpgrties et interesc-
dre scivvted by the ongineer from.a wide ¥ angg of physical, propcrtica.w

-_{hv tist should dnclude some propurties of patential interest,. although
Cthey may not find widc\prcdd cngxnccrxnh Jpplicatzcn at the present

txmc

“"M,Ail mJ\thrs xnd atruigurca havo La work in a gaseous or fluxd
eivirogment . . Study of the. ‘effects of the. environment, particalarly

)

._snrtt&v degradation vffects, cmmpriae an important. part of any seientific "-
study ot materials developed in anséngineering context. 1t is: found

that  manty “of -these phenomena can be ‘understood by consideration of the .
interrelat tonships between. thc structures_of - the solid. matgrials and the.

Ceavironments in which they operate. It might be argued that the subject
Tarvas. dufined by taking the structure-property approach are in fact

sipply areas of physics and chenistry and that materials. sbience is aﬁ_

’intgrdxsciplinarv study. of materials.  In large measure this s true. -
. There gre, however, areas of sclence of central importance’ to materials
o Reiemve which -fall hetweon phyhxgs and chemistry ‘and which tend, chereforg,

to be of relatively little interest~to- ‘either of the basic. sciences, or _
whicl are areas of physics In which the professional physicist has nelther
Materials science is an applied science which
srows out of the engine#ring experience. The. phenomena of interest and

g attention are identified by this experience.

applied scilence, materials science is by definition a

Although it is ar

 scivnce and not a techmology.

The graduates of PhD prugrummcs’in‘matcriais,sciencv are employed
(v universities amd bv rescarch laboratories of government departments-
and industries directly iavelved with the advancement of sophisticated
capineering., 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 leclv ta be fnund in significant numbers in the tecihmical
department of a cast -iron foundry. - ln Canada, secondary production indust-
ries have been developing over the past few decades but they are not of the
telative magnitude found in the United States or Europe. Thus, at first

wight, it seems that the need for PhDs in materials science in Canada is

srall. There are in Canada, however, several expandiang industries hased
upen’ modern science-oriented technologies. AECL and some of the govern-
seent laboratorics employ substantial numbers of materials scientists.
“aterials seience underpins all of the work of the materials engineer
concernad with a specific materials technology. Being a science, materials
wlence is international and clearly the materials engineer in Ontario will
Lenctit trom the total body of knowledge in materials science, irrespective
vt the orivins ot that knowledpe.  There are, however, hevadl reasons wh”
avadiag universities should participate fully in the development of
materials science. fhe subject . ix an essential component of the education
ot all engineers vho are to be associated with materiuals. Consequently, if
miterials sefonce is o be taught at the undergraduate level, some members
b the facudts amst be materials scientists doing TFﬁCdFLh in materials
Chetiea . Sitew G0 i oan appiied sedenee, the prieritics aesigoed to
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{xft‘rent rosedﬁgh prnhiums nre di& dted h\ “the ne;da aa pergeived
by the materi¢l~ technolagist and engineer. The basic science’ which

Cisclackim: dn an area of interest o materials. engineera in Canadian

industry may not he the same as that ideatified by engineers in uth;r‘}
ceountries, who Are-respundxng re a. dif?erent Andustrial euvirunmeut.

ihc auturxgls‘:cxunee‘guodcd by ,anadxzn enkineers may"ne: get the‘V‘_
dttenton i requifva unlebb there s some’ support for ‘materials-science”
m t mmdd. o
"f* %AterLJia q;ience is- interdlaa;plinarw Pcrh¢§& At should be -7
dt&tribv as multidiarlplindrV. Consequently, professors with speciai
knowledge of ddfforent aspects. of materials science may be found- in

‘dittergnt departments of a university. Usually, it has been’ thaught

necessary to develop a coheérent programme at the graduate level by -

;fdrmxwk some sort of extra-departmenaal organization such as a Materials'

\cxence‘tentrg_. In only a few universities in North America has it been . .. .
‘pessihle to establish a grdduate programme in materials -sclence as a .
mutjor departmental programme and cven where this has been achieved. the

Coactive ceaperation of prefessors in departments other ‘than the materials

department is essential to the success of the. programme At the other

‘extreme, in some universities an extra-departmental organizatiea for

research has been established without there being an accompanying

“academic programme in materials science.  The faeulty involved in the

research organization teach in their basic discipline and provide the basic

wclence courses for materials engineers.

Materials ¥Fngiacering deals with solving specific problems. These
sroblems usually contain many uncontrollable variables, Economic, social,
psvehological and purely physigal factors may all be important components.
Lo uniguely correct solutions exist. The objective is to optimize the
system or to provide a practical solution which is socially tolerable and
sconumically viable, The materials engineer must utilize the best avail-
wible materials science and his soletion tust be compatible with scientific
understanding.  In-the part, the materials engineer usually was concerned
with only one class of material. He was trained in the secience and |
rractice of a4 specific materials technology. The met allurgist who dgvutgd
his attention exclusively to problems associated with the rolling of steel
saw 1o reason tv be concerned with the extrusion of polymers, nor did he
wee any significant comtect fon between the technology which was the basis
ol ks concern and that of the pulymtr engineer. Although there are many
interesting gimitaritics between the fabrication methods used to form
difterent clasces of materials, cven today the materials engineer in
materials production indnstries sees Tittle value in a general training
Chich ermhasides these similarities. 1t is wswally stated that all the

Ttimeoand ettart available it needed to master an understanding of the

4 R}

fectmicloee of a o single olass of materials,

In the 5ast, most rdterials enpineers have been trained as metallurgists,
SAITAR SO LU PR PR TR :

cet trcdr initial rradinirg v oceramicr or polymer engineer-
Ita. o dinae situatfon Unflﬁn(w ta be Jatiuidctory as far as the materials
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AN m i };" izuhzxt rics uv eone vnwu. ‘ Huwcvcr.“ in Lhuae ulduaifit‘b in’
which the materials, engineer is concerned with the use of materiala, there
R o prowing realizat{on that the materials . enginter needs to have -
Know{cdhc in some. depth of a wide variety of materials. Whereas twenty
VTS A0 virquIEy alt of the mdterldlh prohlems relating to autanblle

wutufacture were coneer raed with metal, ndw they alse invdlve a. variet} of R

notistetaltid materials. While no éngincer can be an expert . irn’the” e
-tv«unnlngies of all materiala, an appregxation of the behaviox of Lngxnner-
ing m«t;rigib systems. has become an essential part of his work. TFo meet
‘ (dﬂid& Tuturc need:, ‘materials. eugin&ers trained to the ‘PhD Ievel will
Lave to hav; a knowledge in depth of one class of materials and .a working
undvr\tgnding nt a range of rc}atéd engineering materiala.;. ‘

: Regognizxug tbe need fur a cumprehenaive materials: engineeriﬂg prcgramme,}
Cboth at the undergraduate and graduate -level, in many of the univetsitlesA

_dn Nerth America, existidg groups of faculty members in ceramics and dn -
Cmetallurgy have joined for the purpose of developing a unified progtamme :
Cin.riaterials engineering. At some universities, polymer engineers have been
adddd to the department. | . - -

The interface between materials engindering and other forms of

. vnuineering is diffuse.. So many problems in mechanical engineering, for
“emample, are dependent upon the capabilities and limitations of existing
materials that often wmechanical engineers find themselves devoting almost
Cat! their attention to the materials. Thus, they become knowledgeable
about the properties of a small class of materials, However, they usually
remain mechanical engineers with a special knowledge of a limited range of
materials and thev should not be confused with materials engineers. Converse-
Jv, the materials engineer working on a materials problem in a specific
mechanical engineering environment may become familiar with an area of
merhanics or fluid dvnamlcs or some other part of mechanical engineering.
Litective interaction of this kind is essential if he is to be a successful
matvrials engineer. However, knowledge of a part of mechanical esgineer-
ing doex not make him a mechanical engineer, Clearly, it is important
fihat we note the numerous materials~related activities in the other arcas
of engineering, The training and education of engineers working in these
dareas were net oa part of our study but we will comment upon these topics
indirectly in this report.

fhe summary of institutionas! aims contained in the Report on Doctoral
studies in Metalloargical Engincering and Materials in the Province of
‘EQL{rxn Appendiy 2.1, [s a statement of the present situation although {t
i~ intended to he a five-vear projection.  As a result, the graduate
Carovrammes decribed in the report as research programmes are categorized
} ander the three principal subdisciplines: extractive (chemieal) metal furgy,
cee esvsival metallurey, and materials researcin This desceription reflects the
niatorical development of the departmonts, but the fact that department
Beade, i their statement of future plans, decided to use these particular
ST S Crpre T that thew have no intentjon of soviug towvards g
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margrxala enkinevring prngxxmmc of th Lind dvbaribed abuve Lomponent
pledes of materials science can be found -under .the headings phyaical
metailurgv _an& mgter;aie rcsvarvi-, At McMaster the rapge af such.
:«nmpunﬁnt subjects and their inter-relatxon%hip s su&h that a.reasonable
programme in materials sciegee. exists, dhere ds.a partia} prugrammc in.
materials :LiLﬂLE at Turonto and ‘no- vvzdcn;u of buch programupes. anywhefu‘
e.ia.,e Cee . e eine L - T .

Pl number of atudents and puat—dugtorai tellows in each ef the
’&ub;ect areds, now.classified according te the. terial, dre. summarized
in Appendix 2.2 “The nunh;r\uf MSe and . FhD students in extractxve o
{ehemidal) mLtaIlurg} is ds great as that in all:of the other materid{a--:ﬂ'
“ engineering and materials sclence areas put together.. This, of course,
CrefTects the great. impurtanug of extractive. metallurgy in the ‘Canadian’
-~ economy,.  Amongst the materials engineering subjects, the importance
" attached to metals is overwhelming. The existence of a significant effert
“in electronic materials and composites shows an encouraging response to
the nerads of. dcvulupxng\banadian industries based .upon sophisticated

- oseience. ot of 91 graduate stgdents the presénce of  only 5 involved wiah

cordmics -and glasses suggests surprising neglect of this rapidiy developing -
and important materials area. Hewever, the most striking fact to emerge
from these returns is the complete absence of any effort in polymers.

" while we ‘realbize. that this dees not mean that no work on polymers will be

~ undertaken in the next five years in Gntarxo universities, it does mean
c-that all the work in this area will be 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 best be made by a materials department
i: in the elucidation and cortrol of structure-property relatiomships.

We recommend that, relating to Jdoctora! programmes in the Province of

tntario,

I. The suhstantial effort in extractive (chemical) metallurgy already

cristing in some wniversities in Untario be further strengthened.

A

2. AL least one of the existing proprammes in materials science be

strenpthened to ensure that there will remain in Ontario a materials science

activite of international sfature,

ja. hh«LLVcr viable proprammes in ﬂ(flllﬂlblLdl, ceramic OF pnlymer

cngineering exist thc} be . omhined and augmented Lo dcvclop Htrnn& programmes

1n matorials 'm'xneerxm,.

o r—— e ot
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$H:f Thc l}&&)rtlﬂn 1134 thv efforl fn materials engineering devoted -

- tn ceramics and g}as»es by inurvased

‘30:_.‘ At ludat one matcridla ut‘t&ineurinh d_gpartment. bt: estdbli‘shvd

e

ur c\pxnded in an untarxo unxvvrsit~ to) JVVvlop . btrﬂnarprqbrxmme in

pulvnmrix atertals, intehratc&—with *‘ggneraluma;eriats:engineering_ ‘ ;?f“~15-j:”

pruyramme

”*rm-; .swx*i;\" ni‘ ASD' ‘1‘1&:"'1&3@;;\:3‘ ii-‘u}{‘ }LxNPQWER”'

N I Table 9=5 of Rinb of irun, it is shpwn that, of persuna holding
dULCUTli degrees {n 1967, 35.77 were -employed in rescarch, 26.37 in teaching,
dud 20,07 in mam:;,rmvnt. It was assumed that the major demand for Phir. in
Coengineering vould obe din rescarch and tcachlﬂg.: Using a model which aqaumv&
aesmal ) and gradusi expansion in the undergraduate enrolment, a coastant
ratio botween the number of academic staft and undergraduate and graduate
student s, and dn attrition rate of 3.47 for .the Province as a whole, it
s wst imated that, on the average, the demand for additionmal faculty in
engineering  would be about 62 per vear throughout the decade 1970-1980. A
turther assumption is made that "over the present decade research activities

cooprobably will remain relatively statie, and therefore the demand for rescarch

Cenpineers witl consist dlmost entirely of the aeed for -replenisiment to make
‘up for, pearly attrition”.  Then, making further allowance for the emigration  _
Sf PhDs out of the Province, it was estimated that the total number of new

hbs required per yvear will be 125, No attempt was made to estimate the

number of Phs required in individual engincering disciplines. A more
detailted analysis of manpower requirements, centitled Supply and Demand for
fapineering Doctorates in GCanada, was published in 1973 by the tanadian
tneincering Manpower Council (C€EMC, 1973). A model similar to that in the
470 Lapp report was used to estimate the demand from universities and a
Sdrves was made to estimate the industrial demand. The 1973 CENC report
coneluded that Moue camnot readily dismiss the conclusion that there will be
an oversupplv of engincering Phbs in the decade ahead”. On certain assumptions,
"he ditffoereace amounts to 42 'hbs in 1974, 23 in 1975 and 87 in 1978. Agaiu,
these ditferences are not causes for alarm but they do suggest that . some
curt rilment of enginceering doctoral enreolments is justified if the graduates
are to be utilized to the maximum possible extent of their training”
Throtelrout both report s there is the implied econcern for the uscefulness of
PED< in industre. ’

P LEMC report ot July 1973 presents a verv ditterent picture from
bt du o its predecessor, the Riog of fron, concerning the dema "td for engineoer-
tng Pihirs i thie universities.  Un page l") it is Concludvd t hat rcductiun&s
rather tian additions to staff" will be required up to 1980-81 :!Hhmu,h the
crror ot srotection could he oas laree s the projected decrease amounting
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ta lov or 107, in .10 vears. . This is notabl} ditferent from the conclusion
in-tle Ring ol lron, pape 34, “Pheretore the demand for.teachers educated
as engineers ino Ontario universities.was assumed to be 60 PhDs a year over

“the next decade”. Nedther pruj&utlon carried any degree of oredszlitv

Csdned mdjur &hdﬁgps in the pattern of education with a marke tlse in the
Lnllugvs wf- Appl;ed Art«.and Tacxnulogvfarv alreadv tdkzng piace.vx

In generdl it appears that the 19?3 LEML repcrt has been aumpiled .
with & strong bias agaiast ingrgasing the number. of engineering. dOLturdtcs._
ngng produned whereas the ¢vidence given: helow #ug$Eth that the most’

important change taking place is an incfease in the demand for dqctorate:"
in.chemicaly metailurgxual and mechanical engineerb, and matnridla applied.-
R Seieiice s oo » : - '

{here are several difficulties in making a fair assessment from past
idtatistics.  PhD degrees in metallurgical tngineering have been offered
canly in recent years by Canadian universities, Those now practicing in:
this ficld very often havv received their docturates in chemical,
nmechapnical or civil englueering. ﬂoreever, thoqe who have taken an ungineer-
ing Jdegree at the bachelor’'s or master's level have im many cases taken'
Cthedr mdturidls science degree from a science department. It follows that
there are practicing engineers, qualified in metallurgy and materials
svience, whose PhD was not granted by an engineering department. Also,
~those who received their degrees many years ago are likely to have eurned
-.- it in mechanical, civil or chemical engineering. This same practice
ceontinues in one major university in Ontario, namely Waterloo, where .o
- doctural degree in metallurgical engxneering, either extractive or
-phtivsival, is given. Those qualified in thesé metallurgical dikciplines’
Care therefore apt to be classed as mechanieal or chemical engineers.

Information given for Atowmic Energy of Canada Limited (AECL) in
Tables 1 und 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 wvears, the number of engineering PhDs has risen to match those in the
phvsical sclences. Moreover, mechanical, chemical and metallurgical

Cenpgineering are the fields carrying most of the increase. From Table I,
Appendiz 3, it would appear that the total stock of engineering Phbs is 90
and that may be compared with the figure of 52 quoted in Footnote 3 to
Table 46 of the 1973 CEMC report, Even 90 is deceptively low because,

7 From the next two columns, it will be seen that there are 20 mere with Phits

S in the tield of metallurgy amd materials science. Combining metallurgy and

L miterials selence with engineering would make the total 110, to be compared

with 154 in the physical sciences, and for the last five years the number
would be €2 compared with onl 42 in the physical selences,

Table 2 illustrates another point that it s more customary for Phids
Ctecioin the staff of AECL after spending one or two years un a post-doctoral

fedlowship. The number of those with 1972 and 1973 degrees is therefore
stith signiricant e inervensing,  Looking at the numbers by vear of appointment,

f Ve leat thal mote are otill to be appointed in 1473, Returning to

.
©
N F Y |
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the CFMC report,” ahle S$7, pqge 139 indicatvs a Federal Governmenc demand

of 30. 3 In 1974, 35 5 ip 1975, and 25 & in 1978,  Yet these: figutc% are
- verv. close to -those given in Table 46, excluding AFCL. Since AECL's

1973 stock, : just discussed, -is 90 to 110, it would seem .that an inCtLdbc

of 8 to 10 per. vear should bhe made.to the-figures in Table 57.. 1t is
S ditficult to Lagape the 5quic10n ‘that the projected d;mand,,in Tablv-m

57 im other-sectors.may also-be.low... ‘Although - the largest increase -is.-

shown in. induqrry, it seems possible that this:may not have taken into

acvcount other important ehanges in Ontario. - Although AECL is la;gcly
‘concetned with puelear power, tim ‘main inerease. im staff - in that Eield Ll

dires not.lie in AECL but in Unaariu Hydro., Moreover, Ontario Hydro hdb L

undertuken ‘a major new activity in the production of heavy: water, for - -
~which recruitment of competent operating chemical engineers is active .

and prijected to increase. This is in addition to.the major increases, . B
- forecast by -Ontario Hydro,. arising from the transition to thermal. genera-..
‘ting stations and their much greater capacity. than the established hydro-
“electric stations, Other major industrial increases ferecabt in Ontaric
are in stedl manufacture and pe:raleum refining. Both these may be . -

cxpocted to have demands for PhDs “in chemical, metaliurgical and mechanical
“engineering.

Another major ob;ection may be raised agdinst thc LEML report on page
" 134=135 where it is suggested that the demand for doctorates will be negli-
gible in the educational institutions other than universities. Ekven the
_statepent concerping primary and secondary school teachers is somewhat
misleading since, if taken in proportion to the population, the 62 teachers
" quoted represent 1. &n of the doctorates in the magor fiold of universi:y
. educat ien.

lo summary, we conclude that the estimate of the annual demand for Phi

graduates in mining-metallurgy-materials science in the Canadian Engineering

MAnp wer Council report of July 1973 is much too small. The demand for

h;xdu&tua of PhD) programmes in materials enginecring and materials science

alone mayv well;prov; ta be twice as ldf&p as the numher ’E}Ven in Table 58

of the report. The demand for PhD graduates in extractive metallurgy may,

——— i —— —

on the other band, increase more slowly. tven if all the students at present

enrolled in PhD programmes in universities in Ontario took employment in

entario on graduation the supply of materials engincers and materials

s bentiats would fall far sbort of meeting this demand.

I the present, the pumber of PLBs graduating in materials disciplines
troe univetsities in ontario who took emplovment in the Province has been
small traction of the Phbs in these disciplines needed in the Province
ihere has been a large importation of Phds trom foréign countries, particular-
oot taired Uingndon We foumd, for coample, that, of the tacults mewnhers
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r(ffni:cd'rv he Jdepartacnts: uf'ﬂxtiiluzhv andrmaterials sclencesat. o
Mefaster Univer ai:s, the University at Toronto and Queen's tUniversicy
‘ovgrsgha last ten veats,. only 7 out of 38 received.their Phb degrees
Uiy Untario.  Simblarlye, for Stomic Energy of Canada Limited, :the major
TymbluyytfidAUntArio"at Phbs in metallurgy and materials sciencey between!
Piag and 1973, 14 persons with Phids:in materials science and’ un;inetring
ubf&'iired' il tour: of: them received theilr Phls An tmtario, - hight of. ;“ﬂt.
ahu 14 received their dn*tnratv either ip the Ynised Kingdom or some other =
Sforeipgn country, Many of senior: pq«itiunh in industrial research and

development n: UnL¢rio indu;triua are held hy melgrant% from: Lhe-ﬁnitudﬁ,ﬁf;&ﬁi” -

~-—hiukdum. -In the- past ten vears thgre haa been a substantial importdtinn”“?
S ot Piibs trom the United hingdom into the metalldrgical  industries of o
. Jnadx.- There ix-1lttle reason-tu-believe that-this rate of influx will'
“decrease substantially. LImployers of British origin. app&ar to have a-
Copreference for graduates of British universitive. The situation is the
Cmame in the universities, where a substantial proportion.of the faculty
- members in the departments of metallurgy and materials science received
thoir PRI training in the thited Kingdom. In a_few plices we even. e
anird the view ‘expressed that to hire faculty members from the gradudtc
of "programues in other ‘Ontario universities would produce inbreediag of
an undesirable kind! It is our view that the graduates of PhD prugrammes
in British universities todav do not- have an educativnal experience that
'ii\ superlor to that available in the departments of metallurgy and materials
- wience of universitles in Untario, nor do they have special knowledge )
coor sl ills which cannot by found in Canada. Thus, the large scale importation
ol forcign Phbs can be jgstified only to the exteat that the output of Phna
trom Canadian universitids falls short of the demand. .
e '

In the past, many PhD graduates of universities in Untario have moved
ta uther parts of Canada or to a foreign country, particularly the
.. dimdted States.  From 1968 to 1972, there had been 45 PhDs in metallurgy
0. ind materials science awarded in the Province and there are 40 students
b : enrolied in PhD courses in materials at the present time (Appendix 4).
o 8 the graduates, 29 had remained in Canada, most of them in the Province
e ng oatario.  In the CEMC 1973 report it is pointed out that dntario has
’ heen providineg 55 to 607 of the total domest ic supply of engineering Phbs
and this proportion is expected to incredse over the.next decade Into the
T range.  the movement of PhDs from intarfo intoe other parts of Canada
is expected to continue, but the emigration to the United States is not.
ary tanadian students we talked to expressed a strong desire to work in
vanada and preferably in !ntario. Recent changes in the immigration laws
ot the Pnited States have made i€ extremely difficult for Conadian graduates
Foormove aeross the barder into Juerative enployment. Although the micration
Lo the Imited States is not bikely to disappear, It will cortainlty diminish
i the tuture.  On balunce, the proportion of graduates of Phb programmes in
gateriale wha stav lo ontarfo fyu not tikelv to chanpge significantly over the
Tfeat five vears.  Thus, the shortage fn ontario will he further apgpravated
B fhe o wg.Lo& misration of about o third of the graduates to other parts

I
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ln Js%umptiﬂn 9¥piigitlv >t¢ted in thg\ﬁing uf lrun, £9?0 and
in *’wd inthe UENC AT rdport ] with whinh we' take "Tusue is that” t;.g o

~Phh do&rec ds of limztvd uﬁg!uincxs in an- industrial bitusaiun.. It

argdaed that he\dnsv a master's degree is much more useiul rusuuxsv*
Jﬂd ef forts xhnutd be. Loncvntraged an improving the qualit\ of mastur's

Cdearoees and - xnvre«axnb the number of graduates. frum such prograrimes, o

The arguments are stated &1;&?1? in Ring of Irem, 1970, 1t 1s pulntud .
sut” (Tableu=s)" that lusc to 607 Gf” :hclenginéers wfth mu»ter b depries
are xn,nanaxement, dubign, and deveiupment. At Ls stated that with =

JMCanadats omove intu the puqthxndustrial era there should be an increasing

ol of enhxnevrs Into the! ‘service sector and this implies a demand Tor
5?&&1‘&&“ skills to. sdti%tv the wide variety of ‘tasks executed By these
“knoviodge Lndustrxes.~ in. the future, more. Ganadian -employers: will hv-
jarced. to. ipsist on-a master's dcgree for certain specialized skitls. '
When viewed in a different way, however, thé statistics in Table 9=5 o1

LRing of fron, 1970 show that, with regard to positions in industrial’

research and ‘management; the Phd in industry has-an 857 chance of reachxng

" these categories compared with a 587 chance for a person with a master's

Cdegree, It is our Belief that, as Canadian industry becomes more .

sophisticated and has to rely upon more advanced technelogies, it will

© T have to learn how to fully utilize the talents and skills of Phd gr&dudfés.
Coand the universities will have to leqrn how to develop PhD programmes .

Cwhich produce imaginative engineers capable of responding to these new

. -nppurtunitie€‘ 1t is interesting that in Ring of Irom, 1970, ‘attentinn

" is drawn to the importance of the-specialized knowledge of master

" graduates.  Part of the existing problem seems to be that the Phd prugrdmmea

‘in universities in Ontarfo rely heavily upon the thesis so that the graduates

vf these programmes tend to have a deep _knowledge of only a small field. .
Industry evidently employs Phis only when it nceds this particular knowledge.

"7 this prohlem will be discussed further when we consider the quality of the

vducat ional experience,

Ouest ions of supply and demand of PhD graduates in metallurgy and
materials sclence are clouded by the intangible problems associated with
students of non=Western origin, by which is usually meant Asian students.
These students are probably best 1dentified by the country in which they
receive thelr first degree. The 1nfarmation is summarized In Appendix 3,
Table 3. Data are given for both master's and PhD degree candidates
heeguse most of the students registered for a master's dagrve go on ta the
tLir,  The number of students registered for the master's degree in all the
departments in ontario bas varied little over the last fiuv vedars, {rom
vy wtudents in 1968~09 to 40 students in 1972-73.  Horvover, the aumber of
iy students is about the same, being 5% in 1968-69 and 44 in 1972-73. The
sercentase wha received thelr hachelorts depree from a Canadian universite

B

fporned From 49T in 19RB=nY to W in 1971-72 for those registered tor the

"_uxﬁahr ~ deprew, and from 507 In 1968-69 to 337 in 1971-72 for those

reaistered for the Phb,  Last academic. year the percentage of master's

candidates with tirst degrees from Canadian universities jumped abruptly
from M7 ra 487, This probably reflected the increased difficulty which
Corelier stmdent e ewnorienced in ebtaining sapport for their araduate

wark, and tihe suaccess of agpressive campabms by a few departments to

recruit Canadiian Students.  The percentage of Canadian first degreces amopust
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Ctowards Beend of last vear. uaolgst’ the Ph students,-the propertion’
~ with bachelor's degrees from Asian universities increased remarkably

over the last {ive vears, belny 18% in 1968-69 and 32% in 1972-73%.

" ln‘the Last few years, mest, cthough not all,”of rhel Astan seudents
have -had landed. immigrant. stagus... They. usually receive, support: through

xagiona}‘xesearch,Cohncil-£elldehips«after,uOmple;iqh]éf'fheir'first*fu'ffé7”>”

vedar of stadv. Many of thewm uare supported alsc during this first year
from other sources. -The dramatic decrease last yeatr "in the propertion -

- of ‘students with Asian degrecs in the faster's population will be reflected ~

;n:thufﬁtdtiSﬁib&fforUthe,?hD ggpuiqgiqnu§n“t@p §q~§h$e§wxg3rs.ggigz;s Sey
recognized In the CEMC, 1973 report that graduates of Asian origin have .. -

" difficulty in obtaining employment of a kind which vtilizes their education-

al level in Capnadian industry. In our talks with many of these Asian. .

7 students we were left with no doubt that .they aill find extreme difficulty
. in obtaining sultable employment. Frdm several people we heard stories
of their making as many as a hundredvapplications for jabs without _
fedeiving a single dnvitation to an“interview.. The conclusion that the-

rescearch and development sectors of Canadian industry have a strong pre-.

© judice against employing Canadian PhD graduates of Asian origin is inescap-

d?;&. Even in the last year or two; when the job situation has becn
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 soclial and moral implications

of the situation, as a practical matter it seems unwise for departments of
metallurgy and materials science fn vntario Lo continue to recruit a large:

{~1yropurtiun of their PhD student population from Asian universities. The
very raocent 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 be meeting with success. :

Doubts 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 jeb as a taxi-driver and
the rumour readily spreads that this {s typical. On the other hand, the
revords of employment of those earning Phbs in materials engineering in the
fast 5 vears from Ontario universities showed that of a total of 45 no more
than one was unemploved at any time and none was unemployed for long. By
cdreful enquirv from university staff and graduate students ut the univer-
sities visited we gained the impression that only those specializing in
extractive metallurgy, especially in iron and stecl, were finding no employ-
aent offers from industry in Canada. Even these had offers from the U.S.A.

-A sperial meeting was therefore arranged through the generasity of .the
CCanad{an Research Management Assoclation to hear the views of industrial

emplovers of materials scientists snd englineers. They confirmed that the
bad stories in the press gave a false impression and tended to promote a

siutation playing down the valne of the Phb both to student and emplover.
in weneral there are upc.uin;:e'-; tor qualified materials engineers and



'i ruLommend zhat.

grqh;ammes in materials enginecring or materiais science or both.

“ A-Jis' |
~givntin£b. vspecidlly ior those Qf bruad gengt&l abilicy who can exerciSt"
lggdernhtp in research and o management. - The position in industry. may
“change r&pidly, going from surplus o sho:tage in two yedrs or less.

"Moreover, at any one time -industrial opportunities are uneven.  There

was substantial confirmation of a mere general appreciation of the highly

Cqualified PhD in cestaln’ lndustrxal sectors. including non-feérrous metal----

1urhv, nu;lear engiﬂue:in& and’ science Qriented sectors.v [t was admittua
that in feérrous extractive. meﬁallurgy there was fiot “in’ Canada a” “high

o dpprcaiatiung such as in hermany. Jdpan and ather progressive competing

countries, - The heneral impteqsiun was. that industry expected to be. in—'

_creéasing thelr demand with only temporary and localized setbacks of -

pvrhiph twa or. three vears duration in: any ong:- company er sector.,;ﬂ”_ﬂ" 

L. The iigures ior anticiggted demand in 1974~75 for PhDs in Ong;rio

-yjp minxng, menallurgy and mat;rxdls be at least double thoseAgiven in

Table 3R of che report of the Lanadiaﬂ quineering Hanpower Ceunci}ifJuiv
19?3L>1nd the targets for the total PhD student;ggpulation in these

; disciplines be adiusted accorﬂingly. Most of- the necessary subetantial

'xncrease in the output of Phbs should be from departments with comprehensive

PR
LY

). Efforts to recruit a lérger proportion of the PhD students from the

craduates of Canadian undergraduate programies should bé‘coﬁtiﬁuéd'and”in#"'"'

“Lunﬁxticd The h:igends aid to Canadian graduate studépts are inadequate
Ln attract o sufficient number ard should be increased #ub%tantial!v.

{

The supply of PhD graduates is, of course, limited by the intake
ol the various PhP programmes in the department of metallurgy and materials
seience.  In.general, we found that there were enough funds to support the
present number of PhD students and, in some universities, there was a sub-
stant Lul surpl..s of funds for this purpose. The surprisingly large post-
doactoral populations in the departments in Ontario revealed by the data in
the table in Appendix 2.2 Is in part a reflection of these surplus funds.
More rusearch, mach of it of excellent quallity, is being carried out in
tntario usiversities thao Is peeded to support the PhD programmes. Much
of this research is being carried vut by post-doctoral people.and faculty.
Clearlv, it would be possible to fund a substantial increase inm the popula-
tion of Phy stadents by a preportionate decrease in the number of post-
doctoral fellows, Whother this could be done without sacrificing some ot
Tthe guality of the research output is quest fonable.,

bt is elear tlet, in most universities in Ontario, the number of
~tudents applving for admission and being accepted into PhD programmes in
Cmiateriel o) o to mister' s proyprammes preceding the Phiy, is the factor
primarily responsible for restricting the supply of Phbs to industry. it

F A
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is: dxt‘xLult Lo torm an- Qpinlon about the ddmxaaidn btdnddfdb &pplicd bV"'

‘lﬁdivldhdi department s berause hu\h‘d wide VJrivtv of crieteria are
Cinvelved. However, we formed the general. meressinn, admittedly much

volored by one or two isolated examples relating to situations with

hlhﬁ. ------
In the pdﬂt, mO\t deparuments have recrultad their graduate htndentq
Zrom underbrxduate departmen:a of metal!ufgv and materials science. . There
were.I21 grapuate studentb regls tered in met allurgv-in tanadian: JﬂiVLF*

sities in 1872-73: Approximateiv 70 new: grdduate students' are required

Lo cover dftrition and graduation this summer lf graduate enrolment is
Lo be maintained. ~However, ouly 131 bachelor's degrees in metailurgw o

Care being awarded in 1973, Usually, 157 ot the graduating class enters .

graduate schoel so that only about 20 graduate students.-will be availahle

“from.this. source. Fyen 'if a further 20 students are recruited from othey

; di:niplineb a net shortfall of MW stud&ntﬁ remains. This has tradition—

ally been met by a&rvptinh furgign students.. Une can therefore comclude

that Canada dovs pot produ;c enough metallurgical bachelor’s graduates.

" to come near neeting the requirements of cits wradvate schoels.  This 13

the rux of the probl{m in metallurgy and materials science.  There are
several directions 'in which a scolution could be sought. The proportion
df Lie graduating LIAss entering graduate school could oe increased.

'This ix a problem largely associated with the image that graduate wnrk

lias in the minds of undergraduates and the prospect that they sev for

employment after they have gained a Phiy, 1t was vlear from our discussions
with students that the general impression they had sbout job oppoartunities
tor Phi graduates was very different from thiae stated by faculty members

or described by the press release from the Canadian Association of- Graduate
scheols, Appendix 5. The general impression s that jobs fer Phibs are

very hard to find and those that aru 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 numbers of students

of Asian origin so obvicusly {rustrated in their attempt: to tind emplov-
ment, Clearly this situation will improve only when the cenerad ¢ Limate
for the employment of Phbs improves.

Another approach is to increasc rhe intake of students from undergraduate
Lepartments otlier than these concerned primarily with metallurgy or materials
‘L{Unkc 1t is common {or many departments of materials science in the
tnited States to obtain a substantial proportion of their praduate students
f rom anderyraduate programmes in mechanical, cloect rical or chemical
engineering or in phvaics, chemistry or geology.  The graduste courses are
designed, both in quality and level, to provide a complete vducational ex-

"perience for these students.  In Britain it i very unitsnatl for a student

to change from nne area to another on entering praduate sehool.,  Fow
Canadian dcpartmunts ofter the spectrum of Interpstinig coursues necoessars:
to attraet sendents into materials engineering or materials scfence. This

sitvation will be disvnssed In more detail in the acxt scotion.
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: wc rexommend thdt Lyaduatu_prqh;dmmes avdilable tu students entcring

.»mdtgrxals sei encw-dnd matvrial_:eqkineerinh»trum other underg;aduatei

‘y:uh_§mmvs 4hnu!d be deslbned‘tu mdkL th traubltion as medninﬁful a8

’ ?anib!U:;Jnd dlsu tn uttp}gt n{udents into the ﬁubje&t aréa. &radu&tv'

_Lyuu dmmes. should be exdmined'with Lhib Ubjkkti?ﬁ in mind

Hf? H{‘ ’\l H\ m Tﬂl ED{fLATlUNAL EXPthLNLE.
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Ui the hesidrn erdizioq the. PhD degree is. a mark of sULcehstui :
completion of a course of inttiation in research. . U@ course, . this impiiesb,
1 lot more than the student's recexulng instrugtion in -some particular

Ctie-hnigues or gaining an expett knewie&ge of -a very parrow topic. We
Cwere asked to appraise the ‘quality of the varfous programmes in metallurgy
and materials science in Ontario. Teo do this we must first set out our
U viows on the purposes of such PhD programmes and the nature of the.
. wvssential ingredients of such a programme. We believe that the purpose is
to pruvide the student with a variety of opportunities to develop his,
talent for science and technology and his interest in materials. 1In the
course of his . Php work he should provide himself with a strong hasis in
the physics and chemistry of solids and the interwoven discipline of
miterials science and a broad. interest in materials in gemeral. TIn addition
e should learn how. te plan and carry out a research project and how to
detine a problem and study it in depth. He should learn how to assemble
1iis arguments and conclusions, present them to his critics und veers, and
benefit from their vonstractive criticism. 1t is firmly held by advocates
of the British svstem that all these experiences can be obtained by the
student's recelving guidance and encauragement from his thesis supervisor
durinyg the course of two or more years devoted almost exclusively to a
research topic. In the American system it {s considered that it is
Qucessary to provide a range of formdl courses from which the student ¢an
nelect related courses which fit his particular needs. In addition, the
~tudent carries out research on a topic verv similar to that selected under
the British svstem and he receives the same type of guidance and eneourage-
ment au his British counterpart. \

We, of course, agree that the educational experience most likelyv to
have lastin fmpert.nce to o student is his interaction with individual
mombeors of the facunity, At the graduate level the studenc teaches himavlt
aud shonld not require the discipline of formal courses taught in the'

'w;nncr to which updergraduates have become actustomed. However, not beliewve
ettty except for the most osnusual stadent, meaniogfal personal contact

i iw made throneh chance meetings at coffee or in the corridor. It is

possible for a student to dpprm fate fully the iatellectunal vigour of a

professor onlyv by the student's participating in a conrse An which the

nrafessor scts out logically and systematically his analyses of, and

thouplits on, an advanced topic and where the student has had an opportunity

to interact with the protesser in a small class. All students learn 4
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tot trom their assoclation with their thesis supervisor, but it the
student's experience isclimited to ane taculty member his total ex-
periency, aslmest certainly, will be less than adequate.  Of course,
what a-student derives {rom aay: drrangcmgnt of graduate studies .
dvpendb to. a3 id:gw‘e\tcnt upon the student himself. The: well-motivated
_hlghiv Lﬂtelllgnnc :tudent wlth kuod WOIK hdbxts wiil benefit from
almest any situation. Thib explains why no obvious Lurreiation
exists between the performances and achievemeats of Phi gradudtes and
the system in whey they were vduaat&d.; . any national system thg
- best atudents tcnd ta. seek admission to Lﬁe buxt thculs and, on-
balance, those are the atudentb -whao- aehicVe the most. after they hav;
‘grdduiicd.\ An aur view @ gradudte programme sheuld be: judged by the o
guality and-range. of -oppertunities it offers to the.student, not by
the achievements of ogcaainnai outatanding 1ndividuals who may hav;
sone through the preceaa in the pasc. e S

‘ 1t-:13 usual in Canadian gradugte schools to adopt a middle course.
Ccbetween the British and American system, -In most of the programmes. we
¢xamined in untario there was considerable emphasis on the thesis and
the importance of the thesis supervisor, but rhere was also a substantial
course requirement which varied between threc two-term coursés and eight
halt courses, Although not gqnite so large as the course load usually
required of graduate students in the United States, it 'is still a large
- load. 1t should be adequate to provide the range of experience which the
22777 hest students are seeking, provided that the courses have a suitable
e content and are well taupht. We detected, however, a tendency in some
- - aniversities in Dntario to regard the purpose of graduate courses to be
- simply to fFill some gap which i{s imagined to exist in the undergraduate
programme.  Many such e¢ourses were lectures on experimental techniques.
‘This tendency to downgrade graduate courses until they are little more
than supplements te laborgtory experiments is particularly noticeable
amnest faculty members who received their education in Britain. We will
cogment upon the range and quality of graduate programmes when we discuss
the pregrammes in the individual universities.

ALl categories of mtterials programmes require a solid basis in the

phivsical sciences and, consequently it is important that the student

should have contuct with physicists and chemists and applied mathematicians.
The ringe of experience needed by students in the three types of materiale
programmes with which we are here concerned are different. The student in
viutractive (chemical) metallurgy, would benefit by exposure to faculty in
mineral englneering and chemical engincering, as well as interaction with
taenlty and students in materials engineering within his own departmeni.

Iv some universities a substantial part of the extractive metallurgy curricu-
lum is contained within the chemical engineering department. [t is alse a
subject whieh is, in part, suitable for treatment by econometric models and
“other operational rescarch techniques and it Is prubab!; dvxirshlu Lo en-
vourarve stadents to have some experience of these industrial engincering

me thrds while they are still in the university environment.
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C . Students wha &n{end_{éuﬁpyémgsﬁateffafsfgﬁg{ncéfs1needaiofﬁ§§é'&cééss
Lo courses which develop, in as s&ﬁ&i;,ieﬂtﬁd 4 way as possible, the
Cparticular materials technology in Which they latemd te specialize, In
) ‘74<ditxuu, they will want-to-broaden their kﬂowledge of materials in .
. L peneral by having avgiiAbl& courses covering o ramge af tc&hﬁOIOBieb dﬂd
T the matevials, atigngcw on which they gre. based. . It is. impartant alse
“that such students should he ianmatelv vunnv&ted with the work. of bther
- vopincering departments {n the university and of engilncers in industrv _
Coat puvurnmgut service, Fffeetive interaction with industry ib partituldrlv -
_meuztdnt dnrznh thc vcars of gradiate stindy and very diffitult Lo Johlcvo““"
W&fv?i1l%ﬂécféﬁ; _ié“mkﬂb‘&p'df‘a"fdnhé &f“dieciptineé.“jA‘maferinls“
Caeieher. prograsme -cap be put together by an association of faculty expert
“in.these component disciplines, from different deartmenta, or . the pro-
: .-thzmmu can be interdisciplinary thhin a single department -of materfials
e sedences Ondy a tew of the largest departments in the United States have
a staft with a saitable variety of backgrounds to have been able to develop
w1 materials science proyramme larpely within the department. -In most
“places the programme in materials science is an association of faculty
members from a nuwber of departments, although in many cases there i
S wubstuntial \uneentrltlun within a department which may contain the wards
nxtcrsals science’ in 123 tltlv

In manv unpiversities in the Unitoed \States Interdisciplinary materials

Csedenee activities have developed around central research organizations,

knewn in the original programme as lnLgdesciplindrv Laboratories for
SR Materials Research. Some twelve years sgo a dozen of these centres were
RIS established by the Advapced Research Projects Agency of the Department of
- "Detense.  These, and a few other centres established by dther agencies,

vary considerably in size and in style. They are all 'horirzontal structures’,
meaiing that they ATe - an association of faculty members from several depart-
ments of the university who come ;ogether to develop an interdisciplinary
activity in materials, Three similar centres, although on a much smaller
weale, were ﬁﬁ{dh;iﬁhnd a few yvears ago in Canada. The National Research
{founcil ncgozlatvd Development Grants to the universities of McMaster,
Toronto and British Columbia, We will comment dbout the effectiveness of

the research centres at Toronto and McMaster Insofar as they have plaved a
role in the development > materials sclence programmes at thqae universities.
Dthetr rescarch centres relited to materials work, but not essential to
miterials science, have been established at other universities in dntario.
vofew of these have had some impact on the saterials progrimmes, as will

e indicated later.

Ce Hw:crc'iiﬁﬁu¢~ing,thw progrommes st individual universities, we must
address the general guestion of the critical size ot o department if ft s
to be effeetive. This critical sizd depends, of course, upon the nature ot
the depirtment and. the objectives of 1ts programmes. I the British vicw is
adupteed that thie total eraduate cxperfence is centred around the thesis,

ELOM i ot Teo e procrarne reqad res only one pood facully meaber. Some

Cwellvenown departoents of metal larpy in Britain bhave, in the past, contained

N -
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only two or three professors.  [t, however,. il American view is adopted .
then . the departmeutys need to be sulticiently large to ptovidc 4. proper
ratnge ol tourses from which the stuadent can seledt his programme. :
Obvlously all the vourses seed not be.oiiered by a single de drtment.‘»ln-
our view,. it is de»irdbic Lh¢t th_btudent should be'taubht by faculty
members from-the basic¢ s;ionne &epdrtmeuta ss well as by fdelt? membcrs
“rrom the en gxneerlng school. Whatever, arrdngement is adopted, if a"
programme in extractive {chemival) metallurgy or mdterlals -engineering is
to huave coheston, at least a core of subjects must be offered within the
departpent of materials In the enginvering school. ” The ¢ritical  size of

this.core depends a great deal upon the strengths in related diseiplines. .. . .

which exist within the udiversity and the extent to wiich the departmental
‘progiimme atLlizes suitable courses outside the. departmen£.~ -In certain -
~circumstances a departmental programme in thractive {chemicai) metailutgy

- crequires only three or four faculty members. to cover the core subjects in

pvroemctallurgy, electrometallurpy, high temperature chemistry and ukidatian
amd corrosion,” 1t is unusual, however, for materials enginecring progrdmmes
tu be able to draw on.many.courses on specific materidl technologies. offer-
" od by other departments.  Here the problem of | COverage often becomes acute.
It requires a substantial number of f{acalty membuers to be able to provide
in~depth graduate courses covering the processing, properties, and engineer-
ing wtilization of metuls, ceramics, pelymers, and electronic materials..
Because historically most materials engineering departmentcs have developed
“trom metallurgy departments even those departments with a large number of

U taculty members often put an excessive emphasis on metals. 1f a materials

seiwnee programme is made up of courses drawn {rom a sumber of different
départments, then the number of faculty members in the materials department
need only be two or three to provide some focus for the programme. There
are a number of viable miaterial science programmes which have developed in
this wav. However, in other universities the interest shown by faculty
members in chemistry, physics, geology, electrical engineering, etc. has
been insufticient te provide a basis for developing a programme in materials
sviencee, and the initiative has had to be taken by the materials department
_in the vngineering school. In these circumstances the department needs
fa-ulty members in the different component disciplines of materials sclence,
In 4 tew universities if the United States interdisciplinary. departmental
croups with mere thum o dozen faculty members have been developed for this
pPHrpose.

Pthuring tdr course ol onr discussions with members of the faculties of

departments of metalturey and materials science fn Ontario, we occasionally
cencountered the argnment that in order to attract pood faculty membhers to
teach the underaradvate programmes and to keep them happy after they have
et pecritedd, $8 is necessary for there to be opportunities far research

W the rescarci should be-carried cut by praduate students? therefore
there fas Lo he a PRD prasramme, bhovever small the namber of tacualty
veembers amd students involved in it. We do not fully aceept this argument.
Py member of the Taculty of an undergraduate department. wishes to continue
tie reeseardl tirie can be Jdome ertectively nsing research assistants and
vostedertgral Lellows, tromust be admit ted, however, that most profeossors



Cweithe o ostrooy dnterest intresearch are. unlikely to be content to work in
o proedominantly txzxdv:‘;.:r'.x,dmxlcr .wituumunt.
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_ 1nu prukrammv _zL th dxtterann unvarsLth L AFe di:cuaaed in Lhe nrd{r
”xn Whi\h most ol the xansuitxnts happened to visit the campuses

-.‘i_«:.‘kmtiz‘r” ,Uui_\wrsit;y,. o

o ihe Jep@rtm«nt <nn<crnxd thh mdtcrzala at Wgﬁaster Unlversxty i% .
‘4¢I¥kd the, Depurtment of Metallurgy and Materials Science.. (tndidatgs dre
1<(vp{cd Yor praduate work Teading to the MSc degree. in Material ScicRee,
S tu the MSe degreu in- MetailurAv and to the‘Mhng in Metallurgical hagtncvr—‘
Ciny or to the Phiy dearee in %e&allurgy or Materials Science.

- At Lhc undvr'rtduqra ?gvui the prug:dmmus are in thv Mctallurhxnal and
veramics Enginvering.. In addition, there arc undergraduate programmes in -
craterials science (in the Science Faculty) and in engincering physics.

: , Data reloting to the materials programmes at McMaster University,
oo wallected by ACAR, are summarized as follows. The staff of the department
e consists of seves full professors, two associate professors and one
= .. amsistant professor. Four of the faculty members described their field of
LT speciabization as extractive metallurgy (2.4 FTE), six as physical metallorgy
C 4 4.6 FIE), three as engineering materials (1.1 FTE), and seven as materidls
Seience (2.8 FTE)., However, dt the PhD level only two programmes arc -
- ... wottlered, one in metallurgy and the other In materials science. Currently
o 7 there are 30 students enrolled in the graduate programmes, a mmber 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 engipeering materials although
neither of these fields I8 listed as an area of graduate study in the
catalugue.  DF the seven Phi) candidates in materlals science only one is
an engineer.  After talking with some of the students and staff and cxamin-
ing the details of thoe psogramme in materials science we came to the con-
clusion that 1! the foctoral candidates listed under physical metallurgy,
enpineering miterials and materials science could be included im the
catepory which we have described earliéer in this report as materials science.
S+ the nature ot the courses selected and the research topics on which the
~tinlents are engased, some of these materials seience propgrammes have moro.
of an engineering flavour than others.  ©f the 6 graduate students enrulled
“at tne presseut time, 13 have first degrees from an Asian university.

Phe eovineoring school at MeMaster niversity has not yet reached its
undervraduate enrodment Teeiting'.  There are al present only 600 under-
craduiates in engineering.  Of the fresbman class of ander 200, abont 100 .
v Lhe student - are ancommitted when they enter the university., Of these
an oaverape ot 5 ostudents per vear eolect to take metallurgy. Five stadents




CA-2S
in the Séivnee Faculty elect materials scicnce. Cath year, and about -~
Adesen ather Astudent s tz}u- wome materials scivnee courses through thé
_hIl\L,LlIL‘L’I'l{I}f Fhivsilcs prtmrdmmvﬁe ()ul\' b bmdll ir&& tion C!f this small
underyraduate pupuidtiuu do graduate work atter they hdve their
bachelor's degree and -oniy a fraction of these. gradudtes elect to du. Lheir’ .
'vr;dustv work at ﬂgﬂxster’ “Thus the underErddudte programme 1s not a
VET Y 9rﬂdghlivc source ol adndld&ték for admission ta the graduate pro- -
crammes ¢ We recommend that the’ Department be given the opportunity to
introdude materials sdionce to all vngxneurs beture they have eelc ted
titeiy mzdtrhtddu.ato u{ations. R T S P R TARE Y
TAL M\ﬁxater Lnxverﬁit§ ras earxh on macgrial; A orgdui“ed bv a mui:1—f
dxs'ipixnar\ fnstitute of Materials Research which embraces eight. ,
depdrtments;y the ﬂepar:ment of ﬂetdllurgv apid Materials Science, together
with Chemistry, Physics, Geology; and four engineering dcpartmenta -
thcmxaxl Civil, Electrical and Engineering Physics.  The Institute dlﬁo
Cincludes associates from industry and government. At the present time
these are represented by members from Westinghouse (Canada) Limited,
Welwvn (Canada) Limited, and Atomic Energy of Canada Limired. A toral
af 41 faculty members in the university are active members of the
tastitute for Materials Research. Mest.of rthem are - housed in large
mode rn buildings which are adjacent to each other and so facilitate inter-

Cimineling of the staff, graduate students and technical assistonts. The

‘{nstitute was founded and has received continuing support from an NRC

o Negotiated Development Grant. A substantial proportion of these and other

Fesonrces have been devoted to building up experimental facilities which

are nsed ip common by groups of faculty members of the Institute. These
Yacilities are excellent and vqual to similar facilities in other parts o)
‘the world. The research covers a wide range of topics ip materials sclence
and the productivity of the members, as indicated by the output of publica-
tivns, Ls high. There appears to be active interdisciplinary cooperation
which is foétered bv seminars held within the Institute and by the impressive
visiting professors programme. Another area in which materials scientists
plav a significant role is in the newlv established metal-working group
‘within the Faculty of Enginecring. This activity is alse the result of a
Negotiated Development. Grant, the anmnal contributions {rem which over five
cears will total $800,000. ALl the members of the depiartment of Metallurgy
and Materials Scicnee are members of the Institute for Materials Research.

I'o date, only two or three of them participate in the metal-working researrh
programmes but it is cxpected that this participation will increase in the
near future. It is remarkable that all ten members of the department recelve
;wﬁﬁnﬁhli operating prants from NRC, or DRB.  In 1972/73 thesc grants totaled
183,350, averayging 321,407 per full professor and 512,000 per assistunt

pruofesisor. o ‘ o o ‘

The ar it arogramme in materinls science is administered by thi" ,
Iknxrtnuzt of Motallurgy and Materials Seience.  In addition to the faculty
memboers of the bepartment, there are 13 prufussura frnm other departments
aranciated with the prngruﬂmw. They are Jescribed as 'associate members ' .

Ve v are Jdroen from the departments of Chemical Fagineering, Physics, Geology,
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-u‘(hemi»try, hlegtrx«di thineering, and Lngineering Physics. Thus thg

d\uiiv menbers tvd\hinp in the programme represent a wide range of
-dxaciplxnes apprapria:u Lo materiaia science and the courses that are-
available to tbe students cover a complete spectrum, Visiting prcfesﬂctai
~brought te - the' universiry through ‘the Materials Research Institute “have
cuqtributcd lntorchting supplements to the courses of fered by regular

Taculty members: As with most gradudte” programmes at’ McMaster, there is e

- a strong -emphasis on the scientific basls of the subject and a good deal
_of _importance is attached to the .course work taken both dnside and outbide“;,-_
the depaftment.) In the materials.science programme there is’ a minimum™

requirement of fuuf'LourbLb, although most students take moré than this

laumber. We found thal many gradsate. utudents take. advantagc of the

vourses aifered by fduulav members in other depattmentq to suppiement
‘Lhexr départmental courses.

Yhu udmission standards applicd to candidates seeking entry to the
miaterials. sclence programme are . as high as those imposed. by any of the.
~ather schools of materials science in the United States or-the United .
Kingdom, but neot 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 tanadian
students.  Twentv-seven offers, seven of them to Canadians were made, and
fourteen of these offers were accepted. Une or two of the Canadian
applicants came to McMaster. This year an aggressive campaign has been
aunched to try to attract Canadian students f{rom disciplines other than
“metallurgy and materials science. It is-too early to judge the success
ot this effort, but we are hopetul that there will be a marked improvement
MeRt year. ' .

The graduate programme [n materials science at McMaster is the best
programme of its kind in Ontario and probably in Canada. 1t provides
cxcellent opportunities for gqualified graduate students to study and
ArTy out research over the whole spectrum of materials science in a
scholarly atmosphere with first-rate professors and with appropriate inter-
action with other englucering disciplines and industry. '

It is the only materials science programme in Canada which covers
adequately the basic science related to all classes of materfals, including
polmers,  The polvmer work is done by faculty members uf the Departments
of Clumistry and Chemical Engineering. This part of the programme could _
be improved bv the addition of a staff member to the Department of Metallurgy
amd Materials Sclence with 4 speclal interest in polymer structure-property
relationships who rould also provide liaison with these other departments.

The pradaate peopulation in the programme in materiusls science at MeMaster
[hiversity conld be doubled without developing the need for any significant
invrease in the resources alloecated to the prugramme.- The limit to the size
ot the population is set only by the number of qualified students they cau
attract intoe the programme each yvear. Only in the last vear or two has there
been a concerted effort to attract students graduating from physics,
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A«bvm;s’rv ar bvnlnyv undergraduatc programmoa in cther Landdign
Jutiversities. . 1he.;our;e requirements should be re-examined to ensure.
‘that no-unnecessary ‘professiondl! requirements are imposed on. scientists

entering the course and .that the programm: is presented in as. attractivg.._

“a way us pus:xble ta the suience graduates.. . We predict that.a sustained .
Lampaign ‘along QhebL lines will produce a sizeable- graduate populdtion in,ﬁ,fwwu-u

mJturialq szionrv at MeMaster within the nmext five yvdt%.

he recommend Lha{ thejgreemtnant‘gusitian rn Canada of the mRCctlélb.ﬂ

';#i o Q;qh:amme At Mcﬁaetnr Univerbity be recqgnize ' Ihe;g;qgramme

"shou{d be' expanded and thw efforts ot the faculgy members to recruit,bpod

‘\acuden:a from undervraduate<g:ggrammts in;ghgpica and chemistrv should be

f«~i§nrtvd energetically.

ihe dn;torai prngramme in extravtive me:ailurgy is not as atrang ds

“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
sufitable for thesis work for the PhD degree. However, the range of tae
programme is inadequate and no interdepartmental administrative arrange-
ment which woald facilitate broademing >f the programme-has emerged. tlor

. example, there Is we attempt to incorporate courses in heat and mass
transfer offered in the Chemical Engineering Department into the programme.

A few yedars ago the extractive metallurgy group established strong woerking

‘relationships with the large local steel companies, Stelco, Dofasco and

Atlias “teels. These interactions are continuing. Moreover, interesting

“coopuration has developed between the extractive metdllurgists at McMaster

and those at Turonto, whereby they have jointly sought the heip of the
bepartment of londustrial Systems Analysis at Teronio, to develop courses
in ccopomic svstems analysis for extractive metallurgists. These joint
Courses appedr to have been very successful and there is every indication
that this tvpe of interaction could and <Y ould be developed further.

It was argued by some faculty members at McMaster that the Rmall qcale
ot the programme in extractive metallurgy was justified because the work
they do ts entirely "scientific®. They argae that if they want to scale up
their vV;criants they could use equipment and facilities at one of the
steel companies.  We urged them to develop these fnteract{ons without delay
and to produce a better balance between the scientific and engineering
contents of their PrOETImme .

It is tempting Lo sduagest that the small number uf faculty members

Cdecializing in extractive metallurgy at McMaster University be moved to
‘Toranto to supplement the alreasdy substuntial effort in this area at that

untversity.  However, it is recognized that such a move would be unacceptable
to many people. There is alse the fact that the programme at McMaster.-is -
Largely concentrated in steelmaking, which 1s appropriate whep one-considerb
the neighbouring industry, whereas that at anOnta is more heawily weighted
towards non- fgrrouw extract ion, L P e

T
-
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e, fhiérefore, reéommend that the programme in Ext ractive Metallurpy at -

“McMaster University bu strengthened by adding one faculty member and by R

.iég;eas{py;tﬁg_Qgrticipaficn o{;aggfqgﬁidtéffa¢ﬁlty'meﬁbcféxfrdm”tgg_3_3_

————— - — -

. ?&iid»r"-t.mént ui"'i‘lh‘erﬁicui'__‘iir_"igi;né'vi"ing; ~ tollaborat fon with the uc'égl_p»lémenta:}:“ R

.
e o

.“gﬁgfxc{iyg“gféﬁ?'ntﬁjjﬁilhﬁﬁggfgtvfpf fprdnté §h0Q1d’béVCQntinued and .ex-~

dended.

{niversity ol TOFoRES

. There.are 14 faculty members in the Department of Metallurgy and . -
 Materials Science, five of them (4.0 FTE) working priancipally In extractive
“ metallurgy. The others .ive described as being either in materials research =
 or physical metallurgy or both (Appendix 7). This year there are 12 candidates =
fur the master's degrec and 8 doctoral candidates in extractive metallurgy,
compared with five master's and five doctoral candidates in materials research.
ln additien, ‘there are six master's and three doctoral candidates in phvsical
metallurgy. It is rather surprising that although the words 'Materials . o
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 tfhe Materials Research Tnstitute at McMaster,
was developed from an NRC Dedelopment 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 Mctallurgy and Materials
Science. No central experimental facilities comparable to those at McMaster
- have been developed, although equipment acquirad by individuals and small
- proups 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, DRB or
MRC operating grants totalling $149,800Q and averaging 812,483 per member of
the Department. ' )

The bepartment at Toronte has for many years had an international reputation
for its graduate work in extractive metallurgy. tnder the present depatrtment
chairmin this tradition is being maintained admirably. The range of research,
the quality of the individual programmes and the’ general level of activity
ol reseqarch in extractive metallurpgy are all excelleat. There is good inter-
action with industryv and support. from the stecel companies and others. Doctor-
al candidates are required to take 4 courscs, 2 inside and 2 outside the

. Jepartment and there are some very attractive courses in extractive metalluree

. from which the students can choose.  However, the range of courses -is surprisine—
lv limited. More attention to courses in mass transport, hydrometallurgy -
and the economic aspects of extractive metallurgy is desirable. Perhaps new
conrses in these areas could be developed in cooperation with McMaster. There
wevns to be little difficulty in attracting good students into extractive




. - parts of a programme in materials
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metdllurgv pro&rdmmeq and thete appeat to be emplcvment opportunities for'
Lh; ht&d&dtt& vl Lhc prohrdnmu

Ne rcgommend that Lhe outstauaing prqgramme in axtractive mgtdllutgy

at Turonto be reg_gnized and used aa a. baSL from which to deveiop a

QﬁSSF anﬁ‘broader prosramme in minetal engineeringAand extractive metal-gfﬂff”"“

- lnrg\.

%ome years 150 ?rafessor Brnce Chalmers estabiiahed a bChQOl of

' ph\sxcni netallurgy (or: mgtal phyaics} -at Toronto; specializing fn
resedarch on thie solidification of metals and alloys. -Graduates of this
programme. now hold important positions- in a number of universities in’
 ‘canad4 and elsewhere in the world. It is difficult to know how to ,
Telassify that par~ of the programme which remains in the Department .today.
It is pot -a-materials science programme, although it has some.of the =
~__L0mponeﬂtb of such.a.programme. Nor does it .cover the range .of m&herial&
 expected in a materials engineering programme, although there -are some
excellent. courses in metallurgy and ceramic science. There is virtuwally
no instruction in either the science or technology of polymers.

‘ The individual fuculty members in physical metallurgy and materials -
~research at Toreonte are excellent., Together they would constitute important
gineering. With the support of

facuity members .in other engineering departments, they could develop a first-
rate materials engineering proprammg, 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 addquate to support an expanded materials
vngineering 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.

Wer recommend that a full-scale graduate programme in materials engineerin

g

be developed at the University aof Toronto by the addition of facuity‘members

in appropriate spéciaiizatiohé to the ﬁegartment of Metéllurgy and Materials

Science (which should change its name). Coupcration with faculty members in

other epgineering and science departments who have an interest in the

~applicatfons of materials should be developed and expanded.

/

£

/
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o The ncerLment, dus&ribcd s the Dvaerent uf Hv d}lur&l‘dl %nrinucr-
'1nh. is mddE-Up of cibht pru%vs%ors, four wf them. full professars, three‘ B
Tassotilate and oneassistant professor. - The fieidb of resdarch are -
described as: phvei;ai and, mechanical met allurgy, ‘extractive-metallurgy -~ -
~and materials science. When asked to declare. their field of specializatinn
all the staff »eiugtvd "metallurgy®.. The individlual faculty members are
"‘wciL qualified. A few have had some, -and the chairman: a gre&t deal of,.
industrial experience and relations with lucal industry are. guud. A
Aumbér of students complete their: Lhcsib work or do praie;ts in locdi in-; -
dustrial laboratarjes.. ‘Ottawa 1§ oply two houtrs awdy by road and there
iy some interaction with the Mines Branch and NRC.  The financial support
e . f{rom- industr} is meagre but there is an encouraging new development in the
© - interaction-with Chalk River.  Five of the staff (2. full, 2 associate, and.
Lo} oassistant professor) receive NRC or similar hrauts totdlling §31,500,
Caveraging SHO, 00 per grant, and §6,438 .per. faculty member.in the ULpaerLnL."
- fhe five memh‘r\ receiving yrdnta are the only ones dctiVLIy engaged in
" research.  Three are productive, judged by the publication of papers in.
referecd journals. The other two have a small output of papers although
Cthey dppxsr to be acriaus and dedxgated resedrchet\.

A NJIffidls Research Centre. in which facultv members from Phybigs,
Chetastry, Geology, Metallurgy and other departments cellaborated, was
established five or six vears ago. [t was disbanded last year. We could
Ldetect no enthusiasm on the part of the faculty members to revive it or a
similar interdisciplinary orpanization, Two vears ago faculty members in
mine ral enginecring were split off Jrom metallurgical engineering and

added to the bwepartment of Mining Engineering.  This greatly streagthencd
“dining but weakened Metallurgyv. It is claimed that there is still inter-
action between the two departmesits but these interactions are not strong

At the present time. ‘the Department of Metallurgical Enginvering is housed
in  guaod building and is well equipped for undurgraduate and graduatv
teaching at the master's level,  Speecialized equipment needed for individual
Phi research projects is ddequdt« and in some ecasces good., Faculty and
students share some basic equipment such as electron microscopes, but

the group is too small to warrant the upkeep of central facilities.  Some
arrampement s for sharing tquipmcnt with other departments of the unngrs££y
. oxista.

A master's programne fncoMetallurgy was established at Queen's in the

1920., bat the PhD programme is of recent origin.  The first students
were repistered in 1964-65. The programme has a turnout of 8 graduates to
Gule (plus 2 in mineral  enpineeringe).  The total agumber of graduate students
in the depactment reached o maximum ot 23 in 1967-68, and has fallen to 11
cat the present tioe.  These students are abont cqually divided befween
extractive and phvsical metatlorgy.  There s ne indlcation that any of.

the students want  to purste 3 proaramme in materials science. Of the

11 students currently enrolled, 6 are doctoral candidates, one of whom is
3 opart-time. studeat. AL the pr raduates of the PhD programme have f ound
quitabile emplewment and §L wis thought by the tChairman that” thic Department
could Tpreduce and place’ twe cof three PO pop year if they conldd enral

- o ——— e
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onough suitablv quaiified students'in the prdkramme Ihev“téceivé‘oVEr_’
Fa tpﬂfi&dﬁt~ eacll vear bat only 4 or 5 from Canadian students and
pLhere~aeemh Lo bg ne pruspevi ut this sicudtiun imprsving in the near

futtxfu

.. e e . - - - . . . ..“.‘ . . N
) tdaniduteb forr thu Phb dugsuu are roquired to tdkv a minimnm of

Lh equivalenc of “four half- wourses.  Sixteen graduate courses. are. liated““"““““‘”

i the \dtdldhue. These provide a good coverage of physical met=llorgy,
- some caoverage of materials science (the collequium on the. Physics and

Chemistry. of Solids,-held'in uanjunction wich- Eraduate courses in.the .= ;- °

'Bepartment of Physics and the Department of Chemistry, {s an encouraging

slgn of -Interdisciplinary activity) -a barely adequate caverage -of extrac:*' Tm

ive metallurgy and no cavegage of ceramics or polymers.  The .range of

gourses . of fered in materials science is extended a little by the inclusxon o

- af a Chemical Engineering cpurse in statistical thermodynamics and a.
course in applied surface chemistry offered by the Mining Department.

- Similurly, extractive metallurgy is extended by inclusion of the same twe

S oourses, d chemical cengineening course in mathematical models of mineral
processes and optimization methods for mineral processes. However, there
C-are o courses in some important areas of extractive metallurgy such as
tluid dvnamics, heat and mass flow, and electrometallurgy.

S 1t was clear from our conversations with the students that the range
“and variety of courses avallable 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
vear or even less frequently. ' The sixteen courses. Listed are taught by
oinly seven professors and, inevitably, faculty members are teaching some
~vourses in subject areas In which they have little research experience.

It was very elear to us, however, that the small group of faculty members
‘teaching in the graduate programme are talented, enthusiastic and dedicated
neople. tme or two of them were carrying much larger teaching loads than
would be normal in a larger department and we discovered several iastances
in which graduate courses had been taught on a regular schedule teo only
‘one or two students. On the other hand, we also heard from a numﬁ of
the students specializing in extractive metallurgy that they were obldged
to take courses unrelated to their field of study in order to hatisfy the
general requirements because these were the only courses available.

The department has one of the,strongest undergraduate programmes in
the Province,; graduating 15 to 20 students each vear with BSc degrees in
Metallurgical Inginecring.

The Department is well staffed and well equipped to carrv out this work
Cend wemild Be helped by the eopportunity to teach o materials courde teo all
{reshmen englneers. :

In surmarv, the doctoral pfugrémme in extractiﬁé_mutallurgy, élthuugh
tdught by well-quialiticed and eftfective faculty members is inadequate in its
present form. 7The range of courses offered s too small. The research
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.45££v{i€;"dlthqugh'uf‘gaﬁd“qualityi'iSW;aa'limitgdsin=its-varicty;.vThe o
Cinferactions botveen <tadents-and faculty members i extractive metallurgy
and those in related disciplioes such as Mining and Mineral Engineering
u¢nd;Chemigal,Enginec;ing_Qrgpingffcctivg.‘ﬂ?hg'prog:ammevattractSronty'gp
Vuryjsmglﬁfgrégp4ofjqudii{ipﬁ;studvnts;and-fewfofathésétéréﬂfrbmfﬂaaadiad.’_
un4¢rgrddua;e'ptbgrémmes;‘fThgref&fe;*hoﬂevéf; é§"1eds;§twélréasans.wh?5

"iﬁé;&hcfcrar,pfogrémme'inﬁéxtr&cthe’metglluréfiathﬂeeﬂfs;éhO“id'be“““*'"“
deweloped and strengthened. For the reasens:discussed ¢arlier, PhD _

- }"Fddlldf.t?!i hfi 11 bf‘ med‘.d in " Lh(“ yearb dhead ‘ by the mincral and . metailurgi'-

val “industries in Cnﬁada;;rA}majqriiy*dffﬁhéﬂgfaduatés;nggded[wi;l-havgjtqg_ffj‘

be  produced in Ontario aanghg;ﬁh;pugﬁfrcmedccn;a’andVMcMastgr'ﬁuiyg:sities'"
“is ot Tikely to be sufficient to meet the future demand. ~OQueen’s has. .~
tar miny vears had a goed undergraduate programme. in metallurgy from which =
manv operidting and supervisory staff in Canadian extractive metallurgy: :
industries have graduated. The University has a history of leadership in o
Cpanada in o minvral engioeering, geology and related: fields. The programme .. ... .. .
in extractive metallurgy should build uvn these strengths, There seems to
b little doubt chat the separation of mineral engineering and metallurgy

©* weakened the effort in exrractive metallurgy. Ways should be found.whereby

the two groups-can be put together again to develop an imaginative doctoral -
oragramme designed to fit the foture needs of .the Province. The facultyv
members -in Ghemical Engineering should alse be intimately involved in this
new initiative. ' : . ' '

fhe doctoral programme in physical metallurgy is a good programme ut

4 traditional type taught by voung and talented faculty members but it
~is net a programme .ip materials engincering. . Fven within the range of
traditional physical metallurgy it puts grear emphasis on mechanical
phvsical metallurgy and this activicty is likely to be further emphasized
when collaboratien with faculty members in Mechnical Engineering on projects
concorned with extrusion and machinability develops. There is, of course,
i+ need for 4 few specialists in physical metallurpy and, no doubt, the
propramme at Yueen's will continue to attract a few good studeats and to
craduate a fow PhDs with this type of specialized knowledge. There seems
to be no reason to perturb the situation. However , -although the programme
in phvsical metallurgy would prabably provide a suitable basis from which
to vxpand, by adding faculty members in polymers and ceramics, into a
programme in materials engineering, it is not recommended that this step

he taken at the present. time because the necessary supporting effort in
materials scivnce {n the university is inadequate and in disarray.

Attempts to develop dn interdisclplinary doctoral programme in materials
seienve at Queen's appear to have been unsuccessful, Probably, in the
next tive vears, onlv one full progrance in-materials science in the.
srovidie will be needed and «an be justified. This need will be met adequate-
i b McMasters An oattoempt to revive materials science at Oueen's rannot he
supported at the present tine.



P
-

-

a-33

X

"f}itiﬁTﬁe<pfégquhéfﬁh'éxtraééive"métgilﬁfgiiBgirég}§§e§ ﬁ$A§d én;éfgéd' ’

programme in extractive metallurgy and mineral engineering developed . =

jointly by faculty members from the Departments of Metallurgical Engineer-

T ngg-Chééiﬁdi7éhgiheeringi;Minijggﬁngiﬁeering,éﬂd Geology. " .

”?Q:f'Tﬁe.PhD?fééréﬁme-IﬁﬁﬁFSiéat,ﬁéféllufEY'bE‘ﬁéiﬁtﬁiﬁgggﬁi;;iEJ L

'ﬁﬁivéésipy ofFWaterloo.

;7h?hereiisjno:graﬂuate;prograﬁme-in~métérials'ac the»Univeréiég‘gf:¥“."

Waterloo and consequently there 18- fo PhD degree in metallurgicel engineer-' S

“ing or any allied field. The undergraduate enrclument in engineering is the

largest of any school in the Province and the number of graduate studants

" enrolled in engineering departments is second-only to Toronto. At the-

undergraduate level the programme is a unique co-op plan and at the

.. graduate level cooperation with industry 1s extensive and effective.

»fheré is a grou? of six Or‘seven.faﬁulty membets, five in the Department

- of Mechanical Engineering, each of whom was trained as a3 metallurgist or . .

- ‘materials scientist, who dv research on such problems as fatigue, solidifi-

cation, properties of bone, machiniag, welding, forming, creep, ductile

" f{racture, strain, ageing, and interfaces. The five faculty members in - - .

Mechanical Engineering received last year a total of $114,725 in industriél

‘and governmental research graats. 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 facuity members in Mechanical Engineering working on, for

" example, mutal-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-
search carried out in physical metallurgy or materials science departments
in other universities. The group of fers graduate courses in mechanical
metallurgy, thermodynamics, phase .transformations and composite materials,

all of which conld be found in the curriculum of any good department of
" physical metallurpgy, or as courdes contributing to an interdisciplinary pro-

gramme in materials science. The faculty members in the group are well

qualified, young and productive. Their research is imaginative, although

" the topics are traditional, and several of them are achieving an international

reputation.



s There are materials courses offered by other engineering departments._‘-L;
For exampler under Civil Engineering, courses listed inelude, "Advaaced R
TcpiCs in the Behavior of Matetrials and Fracture Behavior of Materials
and, - under Chemical Engineeting, "Principles of Pnlymer Science and - o
Physical. Properties of Polymers". We were left with the strnng;impreqsion L
that, if the faculty members and courses concerned with mdterials : :
were brought together in an. admfnistrative unit, Waterloo would probably
have the .Btrongest and most comprehensive graduate programme in materials
engineering in the P:oviuce and, furthermore, one .which would ‘have the .
great. aduantage of being an integral part of ‘a.vigorous engineeriﬂg Bchcol
vaiausiy, this concept has received some attention inside the. universi:y.:

' The deans .and department'chairmen we interviewed expressed their lack: of .
enthusiasm for the idea with various degrees of intemsity. . From -the. start . ..
of the. Faculty of. Engineering at Waterloo:there has béen strong opposition’ R
from both the adminisxration and - the faculty. members to. small groupings:: 3
and 'empires'. There was, and still.is, opposition to the formation of

the only intnrdepartmental group in the Faculty, the Soli{d Mechanits. Group;

~ Even today thig grcup is only a.'graduate division'. It does ‘not have a

" *head', only a 'spokesman'! -However, in conversations with some of the”

" i'most . active younger faculty members we detected some impatience with the

traditional attitudes of the administration and some of their older

R tolleagues 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
- engingéring problems, and ‘lead to-a wore- 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 qﬁggd to

reewamine thcAprqgositiou that some administrative and organizational structure

= be developed to give coherence and visibiligy_to a graduate prqgramme in

'mdtvriala cngincering.

In the Physlics Department there are a number of fncultv memberq whnse
_primary research interest is in a matcrials problem. Their interests cover
such toplcs as parameters of crystal lattices, thin films, lattice dynamics,
diffusion in I}I-1V 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 Phyqics Department lists graduate courses in "Crystallography, Stability
and Properties of Metallic Phases and Crystal Struciures, Electron Microscopy
and Electron Diffraction, Solid State Physics, Imperfections inm Crystals,
Crvstal Phvsics” and other courses of central “importanc e In materials science.
Some of the students in the Enginecring Faculty take some of these courses
but we did not find anv 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 rescarch facilities been established, although-
Cthere are some informal arrangements for sharing vquipm(nt Some admirictrators
expressed the view that they did not necd to adopt this 'device' for
obtaining funds for equipment.
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The facultv mgmbers working on materxalq problems in the dgpartments

of th%iks, Chemiqtry, Mechanical Fﬂgineoring, Civil Engincering .aad. .
Lhemieal Engincering, when cnnqidored together, . certafniy constitute ene

of the-largest, and dmongst the nost salented, Aroup: pf matnridlq qnientisth“**JJ

-and nnginwers to be found at any of ‘the universities. in Lanada. Nearlv _
- all ithe courses. néeddd ‘to make a first—:ate Prqgramme in materlalq science
already exiat in the university. qucttunately, we could find no. reason
to hope that a coherent interdibciplinarv effort in materials scienee R
would energe at WAterioa in.the néar future.{ There appears  to be no .
desire oqn the part.of. the. administration ta foster. organizations which cut
ACTESS departmental or; hxhool houndarxeq.a Nor . is there any evidence that
an appreciable number of the fdculty’ members want to participate-in sueh
an ipterdisciplinary effort. "We feel that' there exists at Waterloo™ the -
“opportunity for ‘the univerqitv to play . a.naior role. in the development of
ateridlq gcience,’ 1t .is regrettable that the univerqity has decided to
'Applv its energie; and resaurco» el%ewhete. : : :
_ Befor; leaving therloo we must also comment upon the activities in -
extractive metallurgy in the. Dapartment _of Chemical Engineering. ' "Extractive
- and” Process Metallurgy' is listed as pne of seven areas of research in the”
+ department. There are five faculty members working in. the area and two
_others who have a secondary interest. Two of the faculty members were tratned
- _as metallurgists, the others received their graduate degrees in chemical
engineering. About fifteen graduate students in Chemical Engineering are
~doing reseatch in extractive or process metallurgy and an extensive array
of graduate courses in the area is provided for these and other students.,
There Is alse an undergraduate ‘option' in extractive metallurgy within
the -Chemical Engineering programme. - Thus, -the total graduate registration -
in extractive metallurgy i{s .larger than that in any other university in
the Province. We see no disadvantages inm having the group within Chemical
fngin»ering provided thev have effective interactions with metallurgists
 in other departments.  In fact, there are some clear benefits to be gained
-~ by vombining the skills and ideas of the metallurgist and the chemical

. engineer.

The facultv 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
engineurs with special knowledge in extractive metallurgy. The faculee

members stated that they were not 'accepted' by the professional community

of ostractive metallurgists in Canada and that, for example, they had not .
heen able and now. did oot wish to publish their papers in Canadian metallurgical
journals. However, the graduates, both at the BSe and PhD level, of their
programmes appear to find no difficulty in finding employment in the mineral
and metallurgical industrics where, undoubtedlv, theyv constitute an important
contribution Lo -the engineering and secientific .staffs of these industries,

: rlcarlv, the industty recognises the value of the 'option' even if the
‘profession' does not. In our view the graduate programme In extrxctivu and -
process metal lurgy within the Department of Chemical Enppincering is a good
programme which should contime to receive strong suppoert from the universitvy,
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: Un{versity of thtern nntaria

The enginesring qchoal at tho ﬁnivere;tv of Western nntario. dnqrribed

as the Facultv.of Engindering Scivnce, s qmall Although {t Contnlns

only Jbout {0 faculty members,. organizationallv 1t is dlvidvd ot arnﬂv;‘}. 

_which reflect the divisions within the- engineering nrofession. .. 0One of,

these small group« is the materialb acienae RTOUp. .There. are four qaquciatct'
anfgqsors, ane of whom is the ohatrman, and one. full profesqar in ‘the .-

- group. - They offer a "Materials qcience'ﬂptinn" in the undergraduate programme'

in-Engineering Science with courses in- the third and fourth vear-as well as

"mnre general. courses in’ materials deqigned for. undergraduate engineering

© students, Abont Y er R students. eradivite from. the materials science nptien

Sach veary T addftinn there is a- mdter{alq sclence, prnarnmmf at-. ‘the -
_draduadte lvvct fn which therc are currently’ enrolled 6 MESe and & PhD
candidates., All the master's s candidates ‘will take the deqrée. by thesis

_and most will continue to the PhD. There is. provision for students to take .

" the MESc by .course: work alone but no.studenth in waterials scivace have elected
“this programme., - The . group is well haused . {n a pieaqnnt building dnd ;q vell

“:*quipﬂed fnr undurgraﬁuate nnd yraduate tearhing. C .

Rucearch at the Univerqitv of westorn ﬂncario ia organized in centrGQ'

 that interweave {nternally and with lacal ‘industry and the medical world.

Most formal perhaps is the Centre for Interdisciplinary Studio« in Chemical
Phvsics supported by an VRC Negotiated Development Grznt. This centre is .. .
tecated in the physics bulding. and is hcdied hy the Chairman of the Phvsics
Department. At present, the two malor fields of interest are energyv )

“deposition studies for’ therapeutic uses and thin films. At least two members.

of the materials science group are active members of the Centre. fNther,
pprhaps less formally organized, research groups are thase in ‘Géotéchnical’

" fpeincering and in Applied Electrostatics. Members of the materials scicnce

group contribute to both of these. However, at. the present time onlv two

members of the group are activelyv engaged in research. One of the others

is on sabhatical leave. The two associate professors who are active arc
carrving out productive and imaginative work. Not surprisinglv, thev are the
two members of the sroup who interact most strongly with, and make signiftcant

. contribut lons to, the work of  the research centres. for chemical phvsics, .

seotechnical engineering and applied electrostatics. Five graduate students
mirticipate in cooperative programmes with industrv.

A student s required to take four half-courses for the MESce bv thesis,
For the PhD, twelve half-courses are required, including courses taken at
the master’s level,  Six of the twelve courses have to he courses offered
b the groun of facalty members in materials science. Twelve such courses
are listed in the Calendar for 1473=-74. @f these, sixn courdes are devoted
to experimental techoigues, "Spectroscopyv, X-ray Techniques and Advancoed
fxrerimental Technidgques™ and cover topics vhich usaallv are tausht in a
Iaboratory course or in courses Uff‘rtd by eneinecring phvsles departments.
Thev are certainlv useful courses for 3 student in materials seloence but

together thev make up onlv a small part of the core of materials science.

e of the six remaining courses is entitled "The History. ot Materials
Sefence.” The other five are courses which, nor surprisinglyv, reflect the



Hﬂctill {ntorcstq of- thv fxcultv' Thev will give the qtudcnt a useful y
, o nsight into certain aspects of mnterials science but’ the range of suxiects
aon~$dered at sufficiont depth to allow the stoudent to select A balanced
PrOfTanme in macV:ialw scixncc ia far from adequate. The facultv mcmberq
‘Xprwssvd the view that the si\ courses taken cutside the . group fill some
of the gaps.-but . we could find no evxdcnce of the. exiqtence in. pthicq or_
&hvmiwtrv of a significdnt number Of courses’ “which would be. an important .
Lﬂﬂtfihﬂtiﬂﬁ to. the core of ma:erials scicnce programme. . The situation
with regard -t the courses’ offered by the facultv members {n the materialsf
s lence, Broup ds worse than repreqented hv the calendar because, -due to the
small: numher of qtudentq, many of the courses are offered infrequentlv. B
' The préupltries: to offer éight halflcnurses at’ the graduate levél per vedr
o) and aims- gq.hjve at Teast flve-students: in-each course. bv-attracting
students t'rom other groups.  Too {requently. it failw .to achieve even thiq .
modest programme. Tho f%ilnre is. ot due to anyv lack of effort in che ’

graduate programme.’ Thev are geod engineers and scientists who, . unfortunatelv,

find themselves Larrving 11rge proﬁrnmmc for a group which is subcritical
in qize. BRI . _ ‘ :

Thv'existente of a ?raduate nragramme in materials i Jence is not
_evxdent from an examination of the calendar. There, all . e graduate faculty’
memboers. in Engineering Science are” listed ‘alphabetically an? the courses
care listed in numerical order. Some members of the admini..:tation of the
Faculty of Engineering Science with whom we spoke emphasized that the only
PhD programme in. the Faculty is_a‘préggamme in Engineerin: 3cience. They
added that the active facultv memhers in the materials science group make. .
an Important contribution to teaching in -the larger programme. The course
i{n "Advanced Experimental Techniques”, for example, is valuable to students
 with interests ranging over manv different areas of Engineering Science.
© Ferther, these faculty members make important contributions to the research
- work in the Faculty and the University, particularly in geotechnical
~engineering, applied electrostatics and chemical phveics, Their efforts
 should be supported to enable them to continue to make c¢ffective contributlons
to the programme in fogineering 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-cotirses from those offered by
facultv in the materials science group should be removed,

We recormend that the praduate effort be directed towards the

. dectelooment of strong interdisciplinarv context rather than an exclusively

miterfals sé¢ience programme.

Mgiversity of Windsor

There is a Department of finginecring Materfals but the PhD .programme
In engincering materials has been absorbed bv the new divisional programme.
The Faculty of Fngincering {5 small with less than 40 full-time staff members
and anout 70 graduate student s ot whom 36 are eandidates tor the Phb) degree,




rhe atdff of the Departmen: af Engineening Matqriqls consiqns of threo g

full’ prufu1snrq {one ‘of whom {s 'on léave from the. Univer%ity), one T
full-time. associate, one part-time nssoxiaté and” one’ assistant pruiussor.
Their research intiérests, which are interrelated to a suhstantial degree,
include mgtal~working ProcRsses, kinetics of phase'transformaciona in -
1ailovq, strengthening ‘mechanisms in and_ tatigue of metals and alloys

and éreep of some ;eramic‘ma;etials. The work 1is well euppnrted financially
by NRC and DRB and most of the projects are: rdrrivd out with the Caliaboration,,

and in some.cages, the flnancial suppott.of lecal {including Detroit) " = 7 ¢

induqtry. Much aof the research has. a strong: engineerﬁng flavour and.
lateractions hetween the faculty members in Englneering. Materials and 0
in nihar enginuuring departmentq ‘are frequent and effective. Thren mumb‘rq
of Lhw Deparement are very productin, judged by their cuxrent rate of ‘
Qutput of - papers in refereed journals‘

‘-‘ Th; gr;duate programme in engineering‘recently has bELﬂ organized
into three. divihinns.f Engincering Process Design, Qtructures, and Svsteme. :
Each divisian offers about 20 courses from which the. student can select. o

’:,a programme with the advice of his doctoral committee. Faculty members"

" in the Department of Engineering Materials -contribute to one joint course in

the Engineering Process Design Division and five courses (including one

" of the core courses) in the Structures Division. This arrangemont of -

the graduate work has -not been in existence long enough to allow a judgment
.of. its effectiveness to be made. . In this first vear 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

' sjnunfidenLe in the effectiveness of the divisions is established. The
.. graduate students see the divisions as a means of prnviding focus for

’.their studies and welcome the opportunity to he invelved with a broad

~ - apectrum of engineering research.

In our view the divisional programmes have been put together in a
logieal fashion. Each division provides a good coverage of. a. coherent area
of engineering and the teaching and research of the faculty members in
Fngincering Materials should make an excellent contribution te the work
of the Structures Division.

We recommend that the efforts of the facuity members of the

Departnenc of Engineering Materials to integrate thelr graduate work with

that of the Pivisions of Structures and of “ngjnoerlng Process Design

should he encouraged and supported financially,




'_Lntef*Un{yersigy.ngperafion-in:tﬁe Province of Ontario- .~ ..

-

- An exchange scheme for. graduate’ courses. already eXists in'éﬂtarib

_tﬁfuugh which students registered-at a “given. univeraity ‘may ‘take ccurses

of fered at another university within the Province. “The arrangement
requires the concurrence of the graduate faculties of both universicies
and the pavment -of an inter-university. course transfer fee. Similar. .
facillities for coarse transfer are available: in the Province of Qnebec.- j
Such -an ar:angemﬁat seems ‘0 us to be a-desirable oné, and’ eould be .-

“partivultrlv beneficial to. students. in neighbouring universities. The

potential for the pooling of. some spaeialties, for example- in the . '
Toronto-McMaster-Waterloo triangle, is ome that is apparent. and consideration

should.te given to making greater use: of .the existing machinery for thege

transfers.  Examples of - exiating speclalties which could-be pocled between
universitiss are: -non~ferrous extraction metallurgy at Toronto, ferrous .

extraction metallurgy at McMaster, courses with a Materials Engineering

_flavour at Toronto and Waterloo, and courses with a Materials Science

orientation at’ McMaster. The complementary nature of the offerings presently :

‘ ‘1availab1e is striking and it seems to us that graduate programmes.of .
higher quality could be assembled at the individual universities if more

use were to be made of the unique and specialized courses now taught at

“varioua univerqities within the Ontario network.

In addi:ion to course tranefer, it appears to us.that much would be .

‘f.‘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

- beéyond 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 i{nstrument is the projected
scanning~transmission electron microscope, which wodld appear to be a good
candidate for inter-university support. Onee 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 be given to inter-university

_cooreration in the Metallurgy and Materinls field in Onrarie: such

collaboratinn could take the form of Loordlnated courqe transfer at the

‘graduate 1eve1, of the use of a TV talk~back netwnrk for graduate

"~ instruction and seminars, and of the shared construction and operation

of expensive-rescarch facilitles.




--.2;2

A?pehdiﬁ_{““ ;”Terms of Reference

2.1

" 'LIST OF APPENDICES

‘"Report on BnctoraI}Studies in ﬁétallurgical and Haterials;'?' ;;¥

"?anineering in the Province of ﬂntario v Cnmmittee of Hcadq”,-"
»Of ﬂntario %etallurﬂieal and Materials Enfineering kN
| Departments,-“'~:5, R

Table : showing théms:eédv- te bbpuiéf}dh‘of grédhé;e» ‘

students and post-doctora, scientists and engineers

_expected in'ﬁnqatioiin'the»pergod 19?3-?8. Data'frdm...,”..

Appendix 2.1.

- Manpower

Table 1. Distribution of hDts on AFCL staff at Augu t
1973 by discipline anﬁ bv vear of PhD in 5-vear grounq.

Table 2. Number of PhD's on AECL staff at August 1973

bv date of appointment and bv dato of Phu dearee.

Table 3. Graduate students (full- and part- time) in
departments of Metallurgy and Materials Science in Ontario
classified accafdiné to thé part of the world in which
thuQ received their first dngroé.

Summarv cf data relatipg to "etallurgical Fngineering”
collected bv ACAP. _
Canadidn Association of Gréduété Schools prvés release,

14 December 1972, "Emplovment of new PhD praduates,

971-72".
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ONOTE:

1.

»Hetailurgical anineering Doctoral Planning*5 R
o ;fAbSQQSment = McMaq:er Univetsttv.
R O

'_Aqqpqsment - Univereity of Toroﬂto.li

‘EMctaIIurgical aninevring Doctoral Planningx"“

;_Me allurgical Engineering.noctaral Plannin&
'ﬁ'ﬁgseSQment - ﬂueen University

'Merhaniral anineerfng Doctoral Planning

Assessment - Univerqitv of Naterloo.' o

Metallurgical Engineering Dcctoral Planning_}

' &qqequent - Univerqitv of ueqtern ﬂntario.

Hetallurgical Engineering Doctoral Planning~

o Asqeqqment - University ‘of ‘Windsor.

Appendices 6 through 11 are the data submitted by the individual
-universities to ACAP.

but are évailable at the offices of COU.

They are not reproduced in this report - -



. Terms of Reference of Consultants =

Lvnsxdpr thv.two spegixl doaunenth rela:ed to thc coordxnation of rhv NBHEHE
ments in Yu"ineering, viz. Enginesring Ph.D. Planning and’ Assessient Procedures,
Starcnent ow Ph.D. Studivs-in Engingering Studics in Ontario, and the material.
propored byithe dxs;lv;xno hrcap and. the unxv;rnttirﬂ and -obfain atigodata they
mw,_xgtuxxe Lo.cavr} out. tho tuasks. dctﬁxiud below.  They 9h¢11 he pravidcd‘»:th‘
capies of "Ring of Iron”, the COU statement thereon, and the CQRM,HOLQS and
APYQ responsed.. Th'" w1y obtain data apd views from any relevant source, tfuch .
as, for cxample; caployors of holders of gfddUQtL ‘degrees,, prﬂ;obqionﬂl and’ .
lthnrd socicties, foderal agencies. The catpus of each interested waiversity
shall bo visited by at least twe conmsultunts. Consultants shall arrange their. .
sehedule of visits te-the universities in consultation with ACAP to ensure

Suni fuxnity. weports of “ﬁprllﬁdl conzultants are privileged documeats and are

noet to be made available to ACAP LUnhUltaﬂtJ- "Conaultants shill meet with the

s prlsnv group nedr the hepiining ol the work, during the work as they consider

3.

neces. ary, tml LP”xdltlle before preparing thele final reporto
. i

P port on the ader wacy of (the preaont state of doctor. al work in Ymetallurgical

'pnvinevrxnr" in thac vrnv;nce in g nbrul Anl in cuLh uuivaz~1t} Wht!v appix<al]v
‘discu.ning the fol]oxxnn.f '

4. coverage of iiclds anJ specialtics, and extent of activity in cach
b, faculty quality and quantity

e mature of proprvarass offered

de o eavoloent sl atad s rixutxun arong st universitivs und divisions
e. ruality of student body, admission requitcnant

f. relationship to related disclplines and to the profession

g. phrsical facilities

h. other patters considered by the consultants to be signiflicant.

LN

Yoy ovnendatinas for the dovel sor ot of doctoral vark dn fi01ds of

this puscsstent in Ontavio botwern 1973 and 1978, taling Iuto consideration
such plans as Hhv be developed by the Diseipline Gronp and, without limiting
the peaecalitr of the foregoinsg, desliag with the follow ing points:

a. Dosirable doctoral pr""r"ﬁﬂ,ﬂ.tn-b“ offercd in the province, considering
both possible limitations or reduetivns of exiuting prograqmes and )
creation of new proorasmes and new kinds of progricmes including
the appropriateness of part—time prosvammes.  In particular, consider
if theee ghould o shouald ot be sore activity in fielde vow protucing
few praduates o Catario and alse tho dPlelblli!\ of developine further
apolication-ort nted and inter—diseiplinary work and industrial iavelvosent,



-

s b. Vnc irablg provxmalai enrolmentb, }oar by year, in the dactorai utudy B
a A metallurgical engineering and in the major subject divisions where -~
appropriate Oae.should copsider the need for Lighly trained manpnwer-

T © . to pursue docteral work in Lng14ger1ng. In considering manpowar needs,
' one chuuld talu arcount af the ''market W aVaildee to graduates (at ‘
- Least all of "Carada) ond of othcr sources o{ suppiy fof that market., .~
jhunult of foreedsts of high level manpover employmant: should be treated
 wiihgue cau*xnv aua ORLY 1N 2 clearty. halanced relation hip with
“cultural and socivtal needs

c, Distribucicn onget the unxvorsxtxes of xesponsihility for programmeQ.
‘and.feor speciaities sthere appropriate, including consideration of the. .
. need for any itcriase or décrease in the number of departments offering
doctoral work and including consideration of arcas of collaboration.
and sharipg of faclYities at regional level and aeross the province.
.- Considey techniques for involvement in doctoral supervision of '
professors {n departments which do not take doctoral students in
their fields, and the extent to which such activity is desirable. -

}\?;_ Distribution of enrolment amongst the universities, showing desirable
.. ranges-of enrolment. oo e s

In o

_ . 11 canos, it is important that the ra~ionale for the reccumendations
L he el

annsy
ar; this is especially inmportant for items c. and d.

.

-~ T4, Tt is permissible for rnn%ultants to recommcnd appraisals of individual
' ‘prograres. This would arise if consultants were te suspect that a
pregrarne would be found to be wholly or in part below mininum acceptable
stavdards; and appraisal by the Appraisals Committec is the means of
settline the question. Tt is recofnired that this action would be
infreqeent.  Incarrying out plaaning assessments
i wonme dicciplines, consultants find there to be an oxeess or deficioney
of programses in a given area of study, where all of the existing programmes

Ceould pass an aporaisal, thev mav, subiect to their own judgments of relative
. qnilzlv and of other factors (a4 task outside the terms of reference of the

- Appraisals Committee), reconmend wiiere enrolront shauld he changed in
. aceordan o with the possibilities indicated in section €3 (c).

- and also thc goeneral cultural and. ¢ow1Ltal factors which nay.lead’ students‘f;
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INTRODUCTION

‘Thiémfebéﬁt has beex;ptepéreduhy EhekMetaliufgicai o

,\Engzneerxng Dlscxpllne Group, whlch 1nc1udes the Heads of
‘Metallurglcal and Materxals Englneer*ng Departments in the
. Province of Ontario, vxz., McMaster, Toronto, Queen 8,
 western, and Windsor. 1Its central function is to provxde
¢iﬁthe Consultants to ACAP for Metallurglcal Bnglneerlng plannlng“
 :w1th the DlSClpllne Group s collectlve VleWS regarding the
:Ti;plans for doctoral programs in Metallurcical and Materials
;;Qnéiheering in the Provincg of Onﬁario. Thg presentation of

this report complies with section 3 of the "Engineering Ph.D.

.\.

Plannihg and Assessment Procedures" document as drafted by

the Coordinating Task Force, which étipulatés that each

Discipline Group prepare "...a report on Ph.D. activities and

- . plans in their discipline area, noting both apparent conflicts

and gaps ir both areas of specialization and enrolmenpts."

)




SUMMRRY OF INSTITUTIONRL STA“BMLNTQ

- A Su“marY Of the ;nstltutlonal plans, taken 1n‘”ﬁ-

aip auutxcal ordpr. lS q;ven below. Thp magor researuhkr-ﬁ

A A ER T R

programs now Ln progress at each Lnstltutlg» are cate«orlzed

undcr the three prxnczpal sub-dxsulplxnes. Extractzve

s

deuLLLdl} Wc ailurgy,i 1v51cal Agtallurq A and ﬂaterldls
. _R¢s¢arch. The numoers of full txne equxvalent ﬁ A Sc. s;»
Ph.D. 4;~and P D F¢ 's or R A.'s (Research Assxstants) are m"
aiqo 1zsted op9051te each research proqram to glve some :
”*1nd1catlon of its relatzve 1mportance_1n the Department.
In genefal the 5 year plans as'repérted‘by"the'vérioﬁs
_1nqgitut10ns tond to pro;ect the research now in progr: é
’ani are based on rhe assumptlon that the current fxnancxal

“,g-0ﬁ4traxnts will not be substantlally allov1ated
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fMCMASTER UNIVERSITY

M.A.Sc.  Ph.D. . P.D.F. and
— — ‘15. A .

Extf&étiﬁaigchéﬁiéal)>Météllutgy.;wa

6

Pyrometallurgy 3 1.
‘Hydrometallurgy - . - e e e
Oxidation and Carrosxon L 3. 3 3
Mxneral Processxng e .- - -
Physxcal Metallurgy T
PhaSe Transformatxons“u 2. 1 -
- Solidification . e o= - 1
.- -Mechanical Properties T - 3 2
- Alloy Development L - - -
- Mechanical Processxng S . : - . -~
.. Diffusion = . : % I 1 T -
.. Pouder Metallurgy - - -
- Metal Jeoining - - -
4L1qu1d Metals - - 1
wMaterials Résearch
Poclymers - - -
Ceramics and Glass 4 1 2%
Metal Physics 1 2 -
';Composxtes - 1 -
"Electronic Materials 1 1% -
- Biomedical Materials - ~ -
CTOTALS 15 19 10%

G
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.~ QUEEN'S UNIVERSITY

Dxttactive +C %omkcal) Wetallurg}—-~-

”ro”wtallurdv‘
A,t.zv*w‘tdllixrd*f ,
Hiectrometal lurgy.
Corrosion & Oxidation

'L.:uura& Pracpssxng

P*“”x al %utallurg“'

-

301Ld1 ication™

%bhhdnical Propertles
Aoy Deselopment ,
“to~hanical Processing
“pidfusion.

Powler Ietallurq"
fletal Joining
Ci.immuid NMetals

) Wa*v'xals Rosearch

PSS .

~f“'P0}ymprs -
S Jueramics and Glass

. Z2mpOS1Ites

ol PH"51CS
Llostronic Materials
Diloemedical Materials

'XAJ.

Phase ransformatlon in th

Solid
- State

 M.A.Sc.

| SIN

G

[ Sl & | ot

Ph.D.

P;DAF;~and

“R.-A ; o

-
. ‘b”

e o

o
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*VUvNIVERSITY OF TORONTO f'

M. A,Sc.  Ph.D.. --P.D.F. and-

. Extractive (Chemxcal) Metallurgg T | ) R.A, |
. Pyrometallurgy 8 - 2
"Electrometallurgy - e S 4 2 2

- Hydrometallurqy o 4 SRR TS it -

Corrosion _ L T - .- 1
Mineral Process;ng - N -

| ‘Process Metallurgy 1 - -
Physxcal Metallurgy

Phase Transformatlons T - 2 -

- . .Solidification - 2 2 - -

. Mechanical Properties - 2 -

- Alloy Development 1 - 1

" Mechanical Processing 2 - -

Diffusion 1 - -

. Powder Metallurgy 2 1 1

.. Welding . - ~ -

“_quuxd Metals 1 ~- 1

”T3¥~;ﬁéter1als Research

chramics and Glass - - 2

_ Polymers - - -

Composites - 1 -

Electronic Materials - - 2

Biomedical Materials - - -

. TOTALS 23 14 12
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N UNIVERSITY OF WINDSOR

fiee | SSoiolediae oo MuASel -PhiD. - P.DiF. and
) Physxcal Metallurgy : o R , JA. -

pﬁechanxcal Proce331ng (Thermo-»‘f*' B I R
- mechanical Processing of L . S :
-Non-Ferrous - Alloys) - e - %1 o 1
Mechanzcal Properties (Deformatxon B :
‘Processes and Fracture in S . » e
-Solids) - - 1
‘sol;dzfxcatlon (Nucleatlon, Crystal S T
v _Growth and Segregation Méchanlsms) == e
‘-*lefus1on . 1 = -

Matérials Research

- Ceramlcs - -
- Biomedical Materlals (ﬂental Alloys) - -
.. Electronic Mateéerials (Electrical and
. Magnetic Properties of Thin
Films) '

b s

- - 1
CTOTALS 1 1 6

.
i
a
7 i
- 1
—_—
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COMMEYTARY ON pLANS"*
Rk q‘s 31:- ‘1‘\‘ ka’,}" .L—lO’lQ»:."
As prevxously xndlcated,'thg statements as outlined by

the varxous lnstltutlons and summarxzed in thls report are
cssentlallv pr03ectmons oL.present reseazch-programs.ﬁk?hese,ﬁ
proqrams are funded prlnc1pall; by one of two sourccs-‘

qov pqment bodleq (VRC DRS AﬁCL, etc ), and 1ndustry.;‘in thé 

cas; o: goutrnment funded pro3ects, contlnued flnanclal support,_m>

1% dep;ndent on the favourable rocommendatlons of a specxal

cammlttee whlch looks 1nto the szgnlfxcance and revelancc of

tho rescarch and the compctcnce of the grantee in questlon, as

“determlned‘prlmarxly by porformante records. In the case of
1ndustr" funded research, the support is based almost wholly on
- tdL rnlevance of the resaarch to a partlcula 1ndustr1al

;;prablem or goal, as well as the demonstrated ability of the

)

m§r¢ntvu to direct or perform the research. Thus, it is falr to

say that the research progzams now in proqross, along wlth the

-

COLrebpondlnq student enrolments, are not characterlzod Ly

_GVermpua51s or redundancy in any particular area of

" specialization. Overemphasis or redundancy could creep into

-+ certain broadly desiqnated areas of agovernment funded

fﬂ%tdlu“, howe er, cven here thls possxb;lxty is remote
becauso of the screening prOCvSSUS to which all appllcatlons

for rescarch qr;nts arc subjected. 1In the absence of any

detaricd figures on manpovwer and tresource allocations, as



weii‘5§}0£hé£?é¢6555ié fﬁé&dr;; £ﬁé'Héﬁailﬁréiéél Enqiﬁeéfin§; '
 stcxplxne Group 13 not prepared to make any categorlcal |
~btatements regardlng gaps in areas of speclallzatlon, althoughr
:thf_” xndxvxdual members of the Group may have personal views on the—

matterabased‘on-thexr'lxmxted.exper;ences,‘-
. N
Progected Student Enrolment'f-

wlth regard to the pragected student enrolment in the
_doctoral programs, the Metallurgxcal Engzneering Discipllne
_“Group takes the 9031txcn that the de51rable number of Ph D.l:n”.-'i e
;Jstudenta within the Ontarlo System is- predicated on two
plausible factors. One is the number of Canadian students
" who want, i.e., have the intellectual need for, this
 §quation. At presént, and in the fbreseeabie future, it is
: fig;hnlikély that Canadian étudent demand will produce a
 ¥ sfoicient number of Ph.D. students to accommodate the second
..factor: the number of graduating _'P__th- students requiré_d by
e ;g;odr_ébciety. In the past, this need was mainly for university
i3 feachors and for research in the moré éoﬁhiéticatéd technologies
~of some of the government research laboratories. At present and
fér the ne#t five ycars. the main need will be in industry,
'”¥ffwh1¢h is now recognizing the lncr9351ngly rapzd chdnge in S
’~‘technoloqy Ezther foreign students must be brouqht 1nto our
Ph. D proqrams or 1ndustry must hxrc forelgn Ph.D. graduates.
"HIt is rccommcnded that the presont number of Ph D. students

nrolled in thn system (approximately 50 - sce totalk in




Ihs&iﬁﬁtiaﬁél St#tehehtéi héQméiﬁt5ihéd 6§e£1;ﬁ¢:n§¥t»
t’t‘nn ’ ars ; o quppl to mof.t. 1;12.1&:19(11:@(1 demand, and thdt
'thxq fanr; mav ha"o!to be lnéxeasLd xn SUbSLQUGﬂt years
dependan on the jdb sxtuatxon, espe01ally for students thh

a non—uoqtarn backg:ound. AL thls tlﬂg the Greup feels 1t

osantxdl to put on rec ord ltS uOllLCthe experlence' that

Ph D..qraduates wlth a nonnwostern background are con51derab1v 7V’

more. dl tlcult tQ place ln 1ndustr}.  ;

Eﬁﬁcaﬁi@naf'scals_and Stylé;nq

| The educatioﬁél Qdals of eéch’institution are, in
;:géﬁbral. similar and only vary slightly in their wording.
iTH principal goal is to devélop the student's potential for
’ ;dL.1n1nu and HOlJan uunplcx eng;neerxng problems, whxch moye

and more require intcerdisciplinary approaches. The styles

irlin which the stated goals are to be attained vary of necessity

from institution to institution, becausc of the different
~ structures of the respective faculties and varied backaround

“and interosts of the faculty,

SUMMARY
Jhe préyécthd rescarch pl;ns_dnd studont enrolments in
"ﬂkﬁuﬁ“qraladtw projrams for Lhe various institutions, as
5umhériééd in Ehisvréﬁort, should not be taken as irrevocable
committments to research oniy in those areaé and at.thu

-, i

oo bt Deveels Lindlarabe . Tl o Ltoad tratning and” variod

£
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experience.of the faculty members permits considerable .

flexibility in thé choice éf-feééaréh'projécts,'ahduchénées;

“can and will be made shouid.hatibnai“orgprdvinciélnpfidrities.'

so requires - -



HMetals (other than = 17 7 Ty

Biomedical Mater{als 0 0 1

B N A

©OAPPENDIN 2.2

Tqble showing :he steady-state populations af graduate

students and post-doctoral qcientist ‘and engineers _ L ,
- eXpected in Ontario- bctwccn 19?3 and - 1978 -classifted -~ -~

by the materials studied. Data fram Appendix 2.1, ’

T MASe A Phh L Post-Doctoral Fellows

Extractive (Ch“m‘°d1? LTy e e T e
Mot allurhx . - AT

extractive met,)

Ceramics and Glasses " o L .

- Polvmers ' ' 4 0 I Q

Rieétrpnic Materiais_ 3 3.5 . ‘ 3

- Composites 1 2 0.3

TOTALS 48 &3 36
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- A S 'APPENDIX 3
3,__mﬁm"; o Tgbie 2 ehowing numbers af PhDs‘ on AﬁCL qtaff
e © 0 at August 1973 by date of appélntment 7
~ and by dato of PhD degree>"

By Year of = . - . 7. By Year of PhD Degree
: Appointment . Year -+ - Phystcal - - - -
\_‘__N,;" - Tetal- : Total and Life Engineers -
- A 3 __Sciences - o

e ' _ _ *11 . 1973 %7 . &3 x4
S0 e B B2 kT e 2 kB e
3 S 29 -7 20 ) - 14
32 . 1970 25 10 15
17 ‘ 69 21 11 ' 10
oL _ _ 2% ‘ - b8 25 19 T
o s ' 19 . Y 21 17
6 _ 1965 _ 12
12 64 17
10 L3 ' 4.
8 62 1))
4 A1
4 1960
3 59
PR 4 58
FIE S 57
w5, 4
4
5
1
4

pet
AR TS S <)

56

1955

%

53

Before 1953 4

[AVI R SNEs TRRIN ] VIR LI S UV R |
Qe o elrg 23 o D :>C>c>b¥k~u>u1r-o~

tajue =3 R W e = Wi~y >

P

Tatal 271 - 271 181

L0
Q

Note the different patterns and in particular the -
relatively recent growth in number of Engincer PhDs.
Asterics indicate numbers still Increasing significantly.
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APPEXNDIX 4
S UMETALLURGTCAL ENGISERRING S
o IXICTORAL S PLANNTING  ASSESSMENT - :
“ Co | o - {omments on Systems Total
T.o o Fors '3 contains no wurn- I.Sr e tua! f e ult\ far all years at \h ‘hsur
C o and Toronte, since these nnmbvrs we rv only ;,i\un bv qpec‘ialt\r and
) inelude some -double xmmt P 70T e e e SRR
2. Yorm »'\'nnt,linﬁ no n{xmh«rﬂ m. nmi«-nzr:niu.ah- Courses fnr "i'nnmtn in i472-77,
o 3. Form Poqthe financial suppore, deos not .'"3;;"1\5 'with ihc torals & Jall=iioe
‘ students an Forms 3 and 7 for the fnll Swing reasons, '
Windsor: -1968-69 shows 1'.2‘F."l‘.:?stmicn'ts on ’("’-’1'-& ’7 Mi! supports 11
197(‘;“70 " 10 " " H 1) TR ’ te 'Q
.;».,\_r”‘nro: Iqh(;_7(’ R L 33 t.i .. ..-H. - . L1 . 44 N DU S - B & RS . 3(,
= !‘4’?0"?1 1] 31 " . t (1% 1] " " 3!‘
}QTI"*?’ " ;x 43 " ts ” 4 (1] 3 . 33
‘ - : (column is added incorrectlv)
1672-773 shwows 39 Fo.T. students on #3 & 7 hut supports 42
LA, Forms 7,09 and 10 do onot apree as to the number of (hu‘t!rdl degroes
e 0 awarded, emplevment and time to freac h degree tor 1871-72 hecause We s-\tvr‘n 5
e submission is miseing forms 9 and 10 for this vear and OQueen's shows 4
L devrecs awarded, 3 cmploved dand 4 on the time to reach degree sorm,
It vy of these errors or n]xzi,~,.7i<_,\1h van be C‘ul‘_a‘t‘";‘.tud. please do se ha
Totter hefore Mav 16
L Clulls Wesdtery originally showed T Ph wranted in 1971-72. Dr. 4.1, Brown
L corrected it to o deerves awarded, Therefore, the number of T Phbds
' et dedd i YWZI-T0 0 Vepn 7, should read 7 not X,
’ “51 awe ¢ 61972
< : .

e

Aruitoxt provided by Eic
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Form 3 ’ )
=61 SIVERSITY
INCmmE‘S' Hc\‘\as-r&ﬁ Gucc:d S
‘Tbacwro LO(-'STG_("N aad
\k}xN‘b%Oﬁ o ; ' '
METALLURGICAL BIGIRLAALNG . il PLAJ\Ivu ASSESSHENT:
PariLAe I\xq (1)
POPELAG [5% - 1968-69 1960-70 | 1970-71.{ 1971-72.|.. 1972-73

(est.)

CFLT.

‘ivpia

}‘é;“'

- iq

T

P.T.

e
Pasrruss

WS

“foumx,
STUDENTS

SEERREUN.

e g 4 m— b =

R CY) As of

}"'I.‘

48

37

T P.T.

s 2
P.T. { (c‘ C:‘) . éy o |
PT. | E)ﬁ# 49 45 3R 4o

L POST-DACTONAL

NHecember 1.

3

. — ——

)

4

— o ——— —

o

wintant professors and up. If a faculty member spends tine in two
&Lviaiwﬁw ~evuat hin once in (“Cn. Do not use a percentace. A part-time farulty
pesbher i oene detaacd as such by Lthe usiversity at time of appelintment. All faculty
“countsd here appear on Ferm 1 and CV's are Included.

;4 (3) Ineleies

{3)  This doca not include make-up and qualifying year students.
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| seres | asesis | o0 | wemoni | e

No. of B“tholur DU'XLCx. T . R
Graqt(*d it ',.L-\ S | S C T | P - .
' . , QLJ ~ oo . -h_-_‘\\r; - - N
. A AT o N BN ~
Spccxaix;,;.al or n\,ar:msn; R A N S 5 BN S : -

No. of \arc-v“ or Quulzfvzng
Year St:wt B ( ) L _‘“’M;wa RS I A T | M,w “/L

.‘:P.“fO! .1. c;\...»w (d‘af‘” "d in . P

ine(~xzx Scxtq;vo,' o ';; *7' ' ’ . :7 b &jé o gf.}

it

-4
.

QEnginecrin; fhesiecs

Nd. ofTYndcrsraduate A ) . ; ‘

S ? o 'f \?‘?[‘, 14**/3‘ 3 /"_’f‘., : RN
Coursee F’("xt( ) :"( [ . /15 7 /( 4 f

/

o o

LY DP”rtkq pranted during the vear September to August 31 of the vear indigated.

fﬂé): As of Decermber 1.

. .
A

~{3)-- Thin is the product of the nwber of courses taught and the number of students
' enralicd therein.

A Vcourne” in a semester course - 13 to 15 weeks, approxinately 40 to 50 hours.
A Fuld conr o shiould be counted as two courics.)
ERS .
‘ l‘ I I A sl e bR 17
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AAPPENDIX 5 A~?7 e
CANADIAN ASSOglﬁTION DF GRAQ&NIE SCHOOLS

ug-,-;x;fgEss,@gkiAg,;xL;%n;;;Q;LL;,J

xkFo? :§15535:  §6€’befét§
- -4:00 p.m., Thursday, .
. December 14, 1972, - .

: EmPIOYment of New ?h D. Graduatesl" g
.'%':, - :",_m; L _ 1971 ?2 ‘

There have Béeﬁ :ecén; reperts of ;utrenﬁ_laggc sgalé Qng&plﬁfnghtlbf ép:spns H
~~holding~Ph;DQ;degrées,;éé_wéll as fo:ecésté,éuggésting future»gﬁplo&ment.
difficulties. These speculations are not substantiated by the actual experience

© of recent doctoral graduates.:

 In‘I9S9 ,Lhendntario Cqungil_onlﬁraduagg S;qdics collected information about the
;first employnent of all thase who obtained Ph.D.'s in Ontario in the preceding
;wfive'yeJrs. This 1nxorm3tien liizs been obtained cach yoar since fot each new

TUPhD. and list year wad thic seor was extended to cover all of Canada.

© Tables (attached) give the facts for the 1971-72 academic year and compare them

5

with 1. . for 17 P9 which was a pericd im vhich most new Ph.D.'s had a chulice

of several attractive job offern. The following, summarizes the main points

broughit vt in these tables,

In ront universities the infornation was coellected when the student handed in

‘hia theain to the praduate achool. At that time, wdacty-six {20) jercent of thc
i\

k)

Ph;ﬁ.'s had‘jobs. Of the remaining four percent (shown as Q?ncmployed" in the

L » . . \
C.tables), some will since have obtafued ¢nployment, some wuere.not aectively secking

.employtraat, and some are no doubt unemployed. This is essentially no change {rom



fﬁ_hérsf;7 .

last year. In 1970 71 thcre were 1446 Ph D. graduates in Canada of whom 72 did

not have jobs uhen the thesis was turned in, for 1971 72 zhe corresponding figures I

are Iiis“jn&'SSQ
The unexployment rate of néw Ph.D.'s is; tbéréféfé;fiéss'than‘four~§éfcént;7'0f“
coursé;:chis;is_muéh_higherfthaﬁ‘the rafe“fQ:jtha whole stﬁdk of Ph.D.'s in;thé

perulaticon; and the:four perdent figure “should nat be compared with the six.

32

ereent gencral unesmployment rate in Canada, but rathér with the tyelve percent

Cdn the ok Torce, . . L e

Weard in a period of genor 4} em 10y“vnt difficulties. It is evident that in

that framework, the doctoral employment picture is good. - Even if it were not, it

vantd e unuise to reduce new enroloent on the basis of the present business

clirate, since those now entering Ph.D. studies will not emerge for five years.

CSurg Ty we oare pot to plan five years aliead on the assumprtion of continued business

Tl 1.
Ttode drgartert o ssowhat kicT 0 jobs these nev PhoBO’s have tokesals In
s vy, the pattora has shifted only slightly sy the boom years of the late

“atleoo Then, oronew, the vast 1ju"x‘y are doing worthwhile things appropri

Peooeb iraeteent orde da thedir clucation by theveclves and by the community.

Thee st oactiecable shifts are a deercaze in university teaching and in industrial

(Wpln..c - In 1964-09, forty~cigbt‘pé:cent had university tecaching pésts as their

g ovear the fdfure was thirty cinhit percvnt. Industrial

el it of P 's has never been as ;wportant i £a;tor as one might hopu - In

- the gixtios it accounted for thirteen percht of the grhduatéé; last year this

ER\(ZRU”ﬂLr fell to ulne purccnt. Also stable is the fraction obtaining postductoral



e T

PO

reseatch fellowshipq. These postdoctoral reSearch years are a normal part of
_the career pattern for thuse preparing for careers: in university or gevernment

science, 0“0 quarter of the new Ph D" s are still following this route just as R

s S

they did in the 60'5. An interesting chanbe is that whereas two-thirds of these
felloxshxps ware’ held eutside Canada in the 60 s; this yea: two—thirds vere in
Canada. In part, thiq tendency reflects the growing reputation of some dePartmcnts:

in intvrndtisnal Sciencc{ j?.‘"«Q“ﬂﬁ‘ amv-‘]iTvif;:?ﬁ‘ H";? -

fhu d:og in univofsxt) aeaching and’ in industr#al emplo}m;Ft'ié'ﬁadé up m&ﬁiiy
iby 1ncrvaqc: in thc perccnth0° ennaged in a variety of Oacupations shown as
'"Otﬁe: , as well as b) the incr;aso 1n~"Unemwloynent i The "Other catugory”
“:'ihélﬁdés cmployment in business ahd‘fiﬂance;'sélf~empioyment,"consulcing firms,-
f h1gh.schoo1 teaching, school administration, aud, no doubt, a Qariety of other jobs.
7Therb are interesting figures concernirg the geographical location of the new
’PL;D. s and how this varies with immigration status. Da;a is not available under
‘ f’iﬁis heoding jor all uf Canada, but the Ontario figures are thought to bhe typical.
07 the Capadian citizets, BT or loated in Canada, as are 6537 of thoso - “th
lﬁndvd ih;iﬂrant status. In contr.ot, 692 ¢l those ou stadﬂﬂt visas are lo}xtvd
oﬁﬁsfdf Canada.  Countrary to what soae have suggested, {hfﬁ‘sﬁuwﬁ A significant
‘differcnuv Letween those with landed fmmigrant stuatus and thése on student visaﬁ.

Most laonded frnviprants intend to rvenain here, and the data show & thh retention

ate in Canada o{ roten tilliy valuable citizeﬂs.

I: {s also appareat t}xt the training ia Canada of those o student visas is a
contributiou to our 1nternationai rolc, for of the 60~ wha lefe nﬂddl en

graduwtion, 70% roturncd to their home countrics. An equal pumber remained in




’casad;,'ahd»§¢gy few Qénf'e1$é9he:e;:gThus;“ohéibf_%b&ufﬁihgéiis'ﬁaébéﬁing';o
thove Here. s foreign studints. Either Canada is retaining the services of the
pcoplé.tfained'hcfe ofwﬁhé§ta}elTE£Q£ﬁéd‘fc!:héir‘hﬁﬁéiéﬁ&a ‘if ﬁﬁé&-&ié-ff§h #?; 
.dr""laﬂxng coun.rv thig repfescnts ‘an- iaportant contributian to’ warld pragress. f
i th;xwaxc E:om an indus;rially devuloped grea  thef represent a part of :he ‘

Canti J&.““lﬁ in intt qa:‘onal s;hoAarthp Th; tatal numbur of those on studcnt

'v!mws-:x.»eievvn‘percdnt‘pf those‘graduating.» This-is.an ndequate»hut minimal-
Irvvl_Q{";;;~lrwmunt‘fer N cuuntry like Canada~cn thu'international'university
T ge maf hc nctcd :htt in 19?0 ?1 :he total number of Ph D degrees awarded |

‘“jiatﬁpgfzﬁ‘ﬁo bmr onJ ‘of all natienalxtxcs was’ abouc 1400 in the fiscal'year'l&?},

P
¢

in ﬁni£c§ §tat§s uinQréi:iésiaione, SZQICanadiaﬁs feéeivgd Ph.D;‘s_#éd fif@ﬁ-five
Codavef these rutﬁrﬁed immodiatelf io C#ﬁa&a. | o
7w sy be further shifts in doctoral employment areas over the next year or
.)‘fg. to., Th-fu ézy Lo 5 loarper nu&bér of pcopie'wérking in 1055 tra&iaiéﬁal fields.
Ve res el this as desirable, but we also considor that there are unlikely to be
ri.anent shifté ‘no ot loymeat. The sraduate schﬁol enrolments h;ve
e r ot Vel i} deedy dn osome fields there oo Indloations that

i s ctudents are wow entering to provide the needs of society five years

-30-

Ne e



- , S - - . T P "
R J A-Bi : 3 o ’
TABLE IJ
wmmrr x’oxr ca.mu,\zm mmmzn oF mmnx.\x pHID: )
M.t. m_vtsmr:s - .

CANAA QNTSRIO carana’ © ONTARID . %
$971-12: ] _;I_?j_;}‘_._? »\Ef_‘:{(‘-—?l N"B-?l o 196970 T 194L-FoW
"Nos | & jao. 2 WO, W INo. R} he. 2 fNe. . TN

OCCUTATIOS | R S ’

UNIVERSITY TrACHING | S B Y N
InCarsda. .- 1.0 f 351 03 2y 3i3s0 1 g f.20s f 01 183 30 | s8% 132 4
Tlgewhere 162 ¢ 1L ¢8 A1 1 344 17 1- Rs 12 27112 7] 248 N6
Unlnown R0 R I B B AR R N S ‘

'rgmiw 551 -38 { 239 138, 14 -4 § 28R L A2 ¢ 257 J 4D 4 737 je8 )
N . ‘- ‘ . - . . . - ~ ) »‘ . '

con R DR R TH S EERN SR LR
Tn Coatoste L8, 2 i) 2 . ‘_ E o

. f‘.l*ﬁe Wooge »"‘ . ( 2 - + _= > . I :
ot - { N : 3012
Totrd 52§ « AR a2

TRy : = - Coe ] _

Cim Carada % ) L 7 T 6 a7 5 A0 CINE I 5 3 7.1
TFlaget ey 2a 2 13 2 L2 1 2 ey 18 79 S
IR PR 2 , ’
Teral 126 e 2 {9 1 sts |9 ez 31 sg {1 | 1 {13

RESEATCE 7ol esle . :
In Cor s 2% | 18§ 1% 117 k) 1 ¢ 1y? 17 83 15 ag 7
Elreat  ro 13G 9 &9 10 i 11 7 1in R 14 a2 18
Bapere b
Teral Iva 27 ML 3 I 0 8L 271 160 28 373 25

b ¥ A4 Tl R -

IN L

In Gl p1 3 18 2 11 1 % 1 17 3 14 1
Fleettore it 1 b . Lé 3 G 1 11 2 ¥4 }
Crbems f ‘ '
Tat .l 52 & 2 3 ) 2 14 ? 28 b 26 2

ANTLTT ‘ .
in ( : 87 £ N % LT ? 4% 7 % ? 1R T
I.l' v e 2} } 11 i ?: 2 ] 1 2G % N 2
Pate o s :

Tota! 113 E o ™ 4 b R S S P16 9
i " :

ERERTE 1 :

I G e sy bovio £ s | S T 1
Flie. et ! i £ 1 1 > 5
Lt 1 1 -

ool vr o s o4 s 15} 2 6

oo
13 I G431 & e I 63 4 i~ 5 12 N
| 3 e 113 1 é } IS i & 1 & 1
| T IFTT IR 2 1 20 b
Tetol w6 1 7] 5 o = 6 | &7 71 12 1 3 0 {1

10T 2ok 701 134 i q08 406 1917

.{_ e e & A gt s e m§ e — ey —— —_— - & & e ——— e b

l“‘! l’_',! ~ . .

1 < ' i1 1€
| 3 S L 146 6
Pet o 116 ! I to30 ) 1P 28%
T.otal 141 16 9 : 10 j R -1 TRY
# txelodins Tavai.
* Incledes Tothor! diaciplities s well aa the toar e ﬂfrnshd
4 Thin Aty wad Dot e n ST T SIS I KN 7L I S0 B S (\ N
0 1t should he noten trat 10D ot Gw IMG Tt newnt, unbnoun® 8¢ Bt 0on-rclurns
HeCILL'H R Y '
in i . Res W Y ﬂovmbn‘y“ , 072

-



4 N - - B - W
g e A . - 3 -
! K f
B - g . - . Y - PN
~ . N . . s - s
s . .
R B E Ch S e e L e SN . cew . . vy
3, B - s . . : [RE. . " Pl - . [T
: . ’ .0 N P - T i > f B AR V.
S .- . B S CUTABLE 3.2 0 - A=BS : .
. . . L N AN . . e L. Lo . !

TMEDIATE POOT-LDLLTION LMELOYMINT OF CANADIAN -Ph.D. '

MINANITINS (n1Uieloy AY

ET - 1 canany _,’_nx:hﬁ' T ONTARID S
. . . o | e A ) . . N . . i -n, . 0. BT ;F.
N Ldszigy ] ianNe bomch yemeend T vewsan - seei

——

Yo. % RION T DA, no. % e % flos .
- - . B . H S . . P Y . Coe - N . . o . N e e e
R R B BRY T 1T T I -
OCCI AT I : : \ o ' .

1wty poera - 0 o b NEEEE SEEE BN GNP SR B
In o Casoty Cor b e f Te jer P Niee fer | 7s fert oee [72 a3 pe
Ftaeahore 3% fre ) o opm RCAE RLEE BRLEN RN BRI AL a5 4
S B S SN BRI o<l TIEA S SIS IRch o RCICES SRSt DR NN SRS NS I
“Total -« S UYAS TR B U W - FUE B G PN I W IR A OV O O 5 O 2

3 . L
oy v K -} : \
3 Fou Oty ) 9 4. .4 3 Y
N " . . “".’ . M . . oY N ¥ %
Uinnoan .. ) i 3 .
Total b8 4113 N DR ‘ . :
) A . : o .
I }’1",‘ PlerTe
. nee o - . . . . . P . . . S P
tetal o . .. S A . o3 ,,1 .1
e Cpre ety v

Il S
Ul em
Totad

ad P e pa

-
- T
v
-~
SIS
[ 3]
Y
e
-
[
e
[}
—

.2
-
--0
[
*3
=)
=
-
et
2
-
el
-~
Ll

Y. O 0 /

10

¢
. e
-
»
.
-
") o e P
-)
) -
-
*3
F

-~
~)
2
o
o
v
v
x
e |
w
"

T ! 84 2 7} s s « ? 313 1 1
« v 1% 101 In? 2 "~ -0
- i e = @ - & —— - . a H }
‘l 1 4 ]
SR b : H
o 19 5 2 K} b3 ¢
IR n ! 1 5 2 3 vl
- - b e e e n e o e de FURSURTY SUREDIUIUN S DRI SIS S i . I S
- * Inclade, etdh 0 o ot T e el e ot

| N _ . ’ | .rk\.wr_ct--r_'.r 10' 1872



ST e e T KB T T T e
R U S CORABLE L.y Tt U o wiw et
 PMIEDIATE FOST-GIADUATION FMPLOYNINT OF CARADIAN Ph.b.'s "~
G SOCYTAL SCIENCES (DIVISION-R) " oo
CcaNApA | oenTarmy ol CATADA o ONTARID © - -
_3971-72 . .34TNRTY 101970710} 1970-T1 1969-707  1asLERet T
SNSRI S S SN | 2T TR T, T
s SR N D S RN N S R B
CUMIVERSITY TIACEING | - TR TS SR NS AR A DU -
: fn Canuda. - O 19 Fas | a3 Fedf ane pel foos3- P43} ek j4 o DR R
EYevihore Co38 fasp 0 pasg ot AT SR EIS -2 I3 B B U 1L
o Unkpaem ., RSN o o . . ,
L yetal oLl f s 61 80 st i 1% bus b 76 Le2 i o6 63 | 153 0.
covproniTYCLLLr © o
In-Canyia C 16 6 7 5
_ Fluevhere 1
RN U1 SR : o S AP S - . B
. o ‘ . S DU IR R I
Tatsl .7 S IR * | b : o |4
INTLSIRY N DT T i - ‘ :
Tn Can ien RN 0 PO U A T A A S B 101 s
Flaer ot 1 SN S | 1 H R 813
Talnsun “ ) : : o
Total 2 IS v ol 32} 2| 2y 2} 2§ 188
RELCARCH TLLLOIHIT - S
In (amada 6 2 4 i 9 & 7 6F £ & 1§-1
Flocn b tee s{ 2 5 4 s | 2 5 4 3 {1 s 2
tad nramt
Teta) 11§ & g | 7 4 {6 12} 1o 7 ? 8] 4
i FRIVATS T
IR
In Copone g { 3 4 3 31 2 } 1 71 7 21
Flepn b : i 2 1 ¢ ! 1 i
. o Tnteorm
e notal - 1] 4 6 4 5 3 2 2 Tl 7 211
C{‘.'-t : .:.:: . }
In cameba 1n] 6 i % 1t F 14 11 11§ s
S N RSN 2 1 1 1 a | « )
Pg b v 1 i ‘
Tt 19f 7 - 5 e AR B 5 1n 1o NOEBS
IERE b |
In €0 ia M) & 3 3 ot ' y 2 3 k!
Blor. fose ; 3
: Vil o ? 1 H 1 A .
Total ? 3 o A &i : > a 1
o7 !
Tty 33 1 1% Dt 1; 14 - 12 o 2 :
}‘3‘.|'~'-~:\ l 1 . 1 1 K
- tnir oo : 1 ‘ 4 ?
Tetal 31l v} o 18 4 14 11 sl s &f 7
N 262 13r. 107 13 | - e 2
- - o -—— — B VR S U S -
, QR RLLH
. b ST T R i 1
13 I 1 i
Uns o mi 32 R i & 5 23 !
Terat 3 : ol 1o 5 »

& In.tut . offr dtepiplicen nnt Alre olv dedenatfed

- Nowemtver A0, 1972



PAruntext providea by enic [l

\ . N Y, . 4 ‘ f..' - . . #'
e & N . - - . ~ -1 - E TR
: 2 ‘mns 1 o A-aé o ' : B
IMMLQIA"& I'U‘i ~§.d :d) ATI:“' "iilh" T 0! CA'L\!:IAV h, D.
FUYSTCAL AMT: APTLRen vovrbope (9TYISIO )
_f—._“ ™ . : " — .- | ]
T AN RN 1V L OHTAR B oo ;
) 1871-22 T ian-02 ! wh—*z TREOLTN A AN
to‘ 2 - i*"“ ""‘v Ty, .,i‘ : \“0 “" : '\)‘ C :.‘b ) “‘}Tc ‘.”"
Qrisem g
BER G N SURI O 4 :‘; oI R CR DU U I S S S L
In f‘r . Y {14 AL 16 -1 gy bR 1 omg 18 1 1T R TNER AR
n«...m ET N B AP U L T S LT IR LI 0 T S U B S AR R
t(i;:; %t SR - ’ 9 H o . o . B . N o
Tetal oo - 183 b24 P BRI P22 b 10427 F R 427 270 128. 0 30 BT
R P - .. + N
Co '.;.x,»-‘_..: A :‘ . :
o . 18 {3 8 2
§ E [ERX A 2 : L 1 . R 4
e Vi | R ; \ B - 3 I
N - w {3 9 2 s {1
1 ' ‘
- O Al O 3 51 15 cw f o LA SR B A SN L
Fiove'e iy 2 4 1? s IR {7 SR 7 s £ R
| R . N .
’ PRTE NS ine 1¢ €8 iF &7 14 S& 1¢ % 19 b LA T A
HA AP S o
e S Bk AN e e fov b ord >4 %Q {19 AT A
|5 P 67 j1n b 13 £y {1 v A~ e iy LTI
it i ” ‘ .
Tata 240 37 b LTS BT R R AR D & L N I 29 10
N
..2' .‘ 17 3 8 > 4 1 1 2 3 '.
1 i k! 1 1 4 1 10 1 A
r
.~ . JSU 3 $ 2 4 b s 1 17 & £ 1
¢ - -
1. a2 £ Y. 5 - ? 1 ; A 7 et '
- “w 1 - : - 2 ] 1 g 1 23 i g
: - \ : -} ’
- : . : . Pl : : : ;
‘ i
B ‘ i 4 ‘. X . . % SR {
D { “ 1 : : 1 H
. i . 1 - M i
. VR B . DI B S :
O, N
Yo N a0 ‘ Th - - . 1 - 3 1
i Ca < 1 3 1 H N & : | 2 ) P I
v ot
Total N ~ 17 < (& & 17 " £ N 7 i
- . €55 .o o £ R AN rfaivd sy}
NP Y v
| — e e | S S G S | R . -1 b
t. )
hov 9 9
$ f S
. i . ! 1 Pk @ R I
' " i s} . L .
Wl e e pap o HEN
L—-—-—e - - o ———a-i—_.——.-..‘__- A - - P 4 4
L the s RS I SRS BT TT0E CIFIRINN ST SENE K IRPEL I PR it 4
Neverber M, 1977



E

PAruntext provided by enic [ESRENES

.

Hove ter 33U, IV

e ' : o ) ”§: . »“A N -ﬁ,» b o ) ' ,'. ; e _:w
Yol ST A=85 , ) |
- O ABLENLLS T P o v
) DOEDIATE POU1~ S VATION PrYTOINT OF CANN 1AN ThoB s |
) TULiee sepicRS N VISTen By - -
cAmny e ‘ ONTZRIO, )
; 19}_}_'_(.‘ MRS R -1“7{“ Ty e gm‘_n_ﬁo o gga.’.-s&_tq
¥o. o St < SN Y e, CIREEE VTR AR B AR
S 15 MR L R SN SO N ; R S I S
P Con.is T R G D 5 RS T TR B S L R L ~¥ sn g
Blocatere 33 {10 it (00 IR 7 -5 11 11 46 e
L Upbeaam LR VI CEE A TENCIE S SRS RPN by
B PSS B 8242 kRO B IR S T T el B R S B R LSt B2
cornergy :
In Caceds ER
Ploer Sre 1 ! 1 : S »
ity s . 3 . 3! - a0
RIS ARt 4 6|2
Y
NV LAY l ’ .
05 11 3 = ) SRS I LR A .2
i ..t t. R 1 2 H 2 2 341
Ty v I . . .
el 13 4 3 N 1 . “ 4 2 2 a3
prore e T ‘ _
oLl PR LS S N B P S s oy 2 I
Fleenint R I 32 1% R B 11 2F WA B T "3?
TN 1 - » .
Tet s L1 w0 b : LR e &% M X1 IR AL
FRp c
Fu € e et} S SR B B . o A
£1-. 1. 11 3 < : ¢ ? < 3 1 71 7 {2
[ o ) < ’
C 26 ¢ 4 . 2 t g 4 4 15 14
Conv ; .
) S . 27 E 1ot 1 11 b 4 a s 3 i
Prooosmna 16 R S : 7 / 3 J\-~ b K O
L - . -
7.0 wobn o - CR A O S B I AR
s v § i B 1
Lo - s \ ¢ | { :
LR : i ¢ N 0 o [ v } :
1, | i T por o ' 20 B S T
L Py ‘. § '
LI HAl . t Loa 1 EE £ 3 k] 3 3
!
i !
_— o S % o . " T 1
*’ \'A. .! 5 - ‘1 t * b - * " l l
| RS A . 2 3
cear ! . 3§ N } i i ' B t A 4 CI
‘ .
[P N . e k™ b A Tt [ IR ey 7.
rTEAS . ! ' i .
- n 0 e ——— P @ mamrmim 4 e - s - & et — e 8 —— - 4
4
S j
.;1 RS, e 3‘ ; ) 1 i
1 . ! 32 } i i : 3 17
=l A FENRS 3 e 1 A7
ST oo i SN UUURINE SRS SRS S R S
. AN KR IR AR T H N

0
(Y



* . . ' ’ . : .~“, .w RN . A . P “ . _. . ,
e o \ :
1. ; . . . . : L ,w‘w ) -
5 it : 4 . ! i
IR ¢ 'ea6T “pg a9quanoy
R oy .
LT T e (3001 6 e e ~—— {301} €43 Sema i (LuLT) 8% ~ ' :
P AR A T S S - o . - -

[RY
L]
&%
LAl
}
<.
N2
.
[ o
~4
Q.
o3
(]
.
B3
(£33
~F
-t
.
[}
(]
"
b
A
.
[
€3
-4
!
—
vt
.
I
£
£
K2
»
E
D

Lo et 1 e foe e ez et e e : Lo ” :

L3 SN

Pra)

.
~
o~

Q
-~

.
—t
Cx)

.
[

R
~r

.
&4
e .

~8
@
<.
~
ke Cntn e e W e g $os 5 gmndh Bt

L P g ] BRI olosv O A | CIACTS T

a. 4,., oo f . . ; ; . : ; A .. . . _ - . ) ’ . N i

T - G S IS SN N & el o€ [rpe ooz S £ N R A Y ‘.

) s _ " ” . P B A TRV )
: 7 to . A .

.
e
[
-t
«
e
[
Pl
w2
<
e
~
=
o7

D2l 2 BB SENIENN

E 4

)

<.

L1

o

»

as
-y

w0 [+2d o Land Y BN %)

"

=~

-
[
3
%
fs
.
4
-

hY
™~

»

f 3N

o

W

.

~

-~
. ~
D e
Ko 8

&

-

~

L= R«
g

«d

L\ (=31
.

(34

-]

&
ety

P

-

-

™~

¥}

te

i

o

at.

. e

..
T X

. ree r . . - A el .~ Lt " ¢
A m(“A - m «— ﬂ R ._r & & u “ 1 [V ' e B A_
o . - . . * 3
: ;o : ’ . . i ‘L . D i
¥ . | ry t .. [ .- IR | -y LR ) RO AN
V. Py : . . . LI . oL ~ v ooy i [ b ’ . T * - .
SUECH RRANE RS I e s A ARE
N . : R ' Al - 3 . . ' 3
3 B - . v : . . vy - -, * - - LR - ee ot - [ IR .m L SREIE I S
oy . . -, .- ‘ TR 58 B s S — , *e . v <l : . ‘1 K botos ol
©o TN % RN R I A T A N u..w._ it e A w2, . RS _ m
Lo - . R . . . .. . B PR . o —— i do e .
R . ¢ 2 ot , gt y - PRI . T M . L0 Vo ey Ty b4 b i
J . “ ; " =i \. ”“ N - .ﬂua N . Lhiesl e L, _ - o P O - Y * - . |
’ . / . - ..w : . e . . P views . PPN . . e e aete oy + grese, s Ve . . T Y S S
- T l?l.. . é.u.vf.}....“u, | u..i..hﬂU. .«O.mﬂmnc ﬂ«?.ﬂ.\,w X TN o RPN . ' ..K..« R ' | JER IR AP AR | : e ¢ S 3 | . w
A [N o T - SR £1¢.3 hm..‘tﬂ.rh . . : ‘' NN N R ) e aar e i 3
g N - . ; : ER » s PSS S o - , e e ome .
. : N : . ' . . . .
" = - ) ‘ + . -
N .. . 4 .- . :
: T et ‘- .. " e e e o e x mie mne T e T .
. B . e - vies ey - o a e TS . .
o T . . o : R MY STUBER TV % RIS S THNE B LOR SN AR MDD ST
B . : . i tapisor eyt e e 08 mL < e @ e et et e s+ o =
. * . : . RN . - L " P ANy R P R s S e S R N
: "L - . oL m.ax..__,fﬁ C«u.ﬂi&t.c & LA e WY .A...Lttmf
e D . .. - - G : L . oreprryg . .
T . - ) : T ' - .
EGN - B . ‘ .
ks '
« 1 ’ - -
4 - - 's ) s ,
. o 3 i - .
£ . ‘ ‘. ’ : ’
N n R o . - i . .
1 . . .
. ' o B . A
- . . . S B ? ! o o0
: ” : : R _ : e Tl
. B “ N [ g
T . [ * H . H -
) ' . ! H . . K P2 \U £
: : ; . . . oL : H .
, : R a : ni : : - B
N i Y i » i ..H L4 N . LYY . . . N
1 ' ‘ [ . g R S UEE - ; - R N e - . . ,
e i HS 1 -1 ; .




" L6 ‘€ 1eqmasoy o P97y WapMg -
: . o FJUP2FTLN] pepuE - 11
. . “ SeprERY - CUE) 310X
2|9t | e v | e | e _ ’2 sz |t 6z | tzr | oz | swt | o9e VI
: P . e ; pﬂ 1l L b
Bk : ) 11 1 L P4 LOIIN RN
| (3 1 ¢ e | a1 i GEADTSTL
| EARA: T 4 1 6 |t | 22 13 SR )
mw \ t i M e z z z 8 8 HOGES
e g |s {5t o | st | et | o1 £ [ v : g1 {ot | ev 6 CUHEMUTTES
) . e T t g ol ASITIOS ALINIGE S
e Pl e ; : R v 2 z ¢ ot} (2 LEBREALT
. T z | s s v T ¢ ot 1 5g RUISATHL
| “erfor [ v H : s | 6t |8 91 | 6 z | ot |z fr | €1 { ONIHOVEL AZISIAIN:
S 7 0 i 1 T B SN S5 I N Y M SR R - S YR R Y BL R BEE TS B TS B G M T
S I L TERUT I S e I w . _ ) m
} - oL &l Wb C o LN Hi4Lu SXuLaaad qowod | YaRvo b 1574 OLRIND
“ AR ~ TRGISIALG 11V uod 1VI0L SAdlsAS
: E o FTUT GTHVANG 40 INANAUTIAZ NOTLVAGTY9-150d diVIGAWAL
e - € ETeVL

O

Aruitoxt provided by Eic: .

E



v . APPLEDIN B -
- DISCIPLIN GROUP RESPONSE -




CFORT STATEMENT

bl o

AR AL SN S TERIALS ENGINEERGG DISUIPLINE (RoLP™S 0 o0 T E

o "."{4‘. the.‘ .

. REPORT"OF THi, ACAP CONSULTAXTS |

C. é. Alcock
G. R. Plercy
P. Niesscn

W. B. Mackay
1. D. Brown

W. V. Youdelis {Chairman)

i

)



| ﬁﬂﬁ;QfﬁiAiLﬁﬁﬁf‘
" tue
thAliiRhit\L AND MAi?hlAiS ENGI\hERIVF DISLIFLI\L QRQLi
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Fre fuiloWlﬁ& ia a. LOmeﬁfde on che apparent philosophy or criterid
'u»ed hy the consultants in making their recommendatious contained in the
'frepor t, and servés as the Riscipiine Group's exposition of its own- o
philn~uphy or Lriteria on which the comments, cr*ticisms and recommendations
in Lhi% atatement are based. o B ‘ -

(I} Inierpretaticn of ‘&etallutgical Engineering”
In the r;port mctallurgical engineerzng is subdivided into thre;

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

Mscipline Group, to undue emphasis in the report on broadness at -the .
cxpense of depth in PhD programmes. Thus the report recommends that the

student” should have some cxposutc, mostly through formal courses, to all the = -~

.different ficids of materials, as well as obtaining a good background in
applicd physics and applied chemistry. It is the consensus of the Discipline
troup that the opportunities for this type of PhD graduate in Canada are
limited. The present state of industrial development in Canada is still .
larpely directed to materiale producing rather than materials using, and the
need is largely for graduates with a more specialized or career-orientated
edneation, eog. extractive metallurgy, physical metallurgy, ceramics,
polvmers, ete.  The more broadly educated materials engineer or materials
"siolentist, as envisaged Iin the report, may find more need for his services
in the materials using industries; however, even here a considerable degree
af wpevialization will be needed.

1t is the peint—of-view of the Discipiine Group that a good materials
vRgineecing programme must have some materials science, and the reverse is
1lso desireable. Mureover, therc is a wide range of subject matter and
redearch which cannot be clagsed as either science or engineering, and thus
~the differentiation between the two as developed in the report can ouly be
wied in o most general wav, It is impracticable to attempt any strict

S vlassifivation of a specific research project or course according to the
science or engincering content. '

(<) ihe Supplv and bemand for Manpower

_ The report makes a éléér and well cubstantiated refutation of future
Py manpower supply and demand as projected in the Ring of Iron and the }
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idldn bn;un‘~rxn& %thQer suuuotl S“gn:rt.‘ It rugammvﬂdb thdt Cihf PR

Dected wder g tipndds in U above "‘:~'.;j Ths b’tmui\ “he hnist doutt. ‘i.
SO e e st elian, iﬂ&us*fs s strang 3x‘;udLCc‘dgdln -
’fﬁr{gt_r«ﬂxq;@n*ﬂhﬂ'xrzfxfoa of. \sidn vrigin, o vecommends
fwtvn$if¥iu:‘gifdrtb o L ruxt Phiv students from xzn1dxzn undergraduits
GEAFEATRGRT T O daREs Lo end Tthe repart xcxumm«nuw aubrtintidlly y
in. xA<Edb gavient to fiuliib student s Cgased on thc.gollaunive'
g'xxgu\u-"“xgn‘kg'“'?“§7 the Bisciphiiny Group. tully agfees with the 7 77

[

repart’s analvais of rulure manpower requirements in mazdllurgy and -

ﬂza‘rxxls,:ang his alrgau -stated xtb simiiar expericn\e regarding the
pldvement tof IR 2 adu;tg with a ‘non- westgrn ‘background in industry
{:-vb_‘ s ipi Hh (d"oup s :\Llwrt on Doctoral Studies in Met allurglcal dnu"

Sepefialy hngiadering ) Thoe Piscipline Group strongly endorses the = - .

QLxumﬁLnd;tLQn‘thdc.thLUL{lgrts_tQ_fLLruLt Canadian-students bhe - |
intensificd, and that pavment to graduate students be substantially

. h}c' H:?;!.-&u Li .

Fhe rcpoft ] recuwmen&gtxun for, LnCﬁLqung the total PhD s:udent el

-pnﬂuldilcn is metdallurgy and materials is qualified by . .the statement that

“most of. the necessary substantial invrease in the output of PhD's should

Cbe from dcpartmcnta 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

wf;p:npgr:iana:c‘quqtribution to the total output of Phd's. This recommendation
- is made in explicit recognition of the unique and significant rolu of the

smaller. school-in graduste education. and .research -in.Canada,. a. fact..that . ...

 has been largely ignored in the report.

emphasis,  the Canadian PhD programme is more specialized and career-oriented,

{3 1ihe Quality of the Educational Experience

The report compares the American system with the British system for
sraduate education and comes cut clearly in support of the former. In the
American syvstem considerable emphasis is placed on formal courses, while
in the British system the graduate programme is centered around the thesis.
It is argued that a good PuD programme requires a broad range of formal
comrses, which can be adequately provided only in large departments, and.
many of the recommendations in the report clearly retlect this philosophy.
Significantly, however, the report does admit that “no obvious correlation
erists hetween the performances and achievements of PhD graduates and the
avsten in which they were educasgdq.

it is the comnsensus of the Discipline Group that the Canadian system

ot praduate education, which falls somewhere between the American and -

pritish systems, strikes a better balance between course load and thesis



and 50 Fequites fewer fofma. ues whien grﬂparp&“ta the more discipline-

ot fentated witerials prepra== s envisaged in the Tepe~* . These can for -0

the most opart heoadequately provided in smaller departwments, partiﬁula:ly
Crrethere s iw sem integration a:,gollaboratiun with othe:s wipartments in-
the Favalty (‘.g. physicai m&txllurgy with mechuuiual enginhtf8H5 and
u\trd«tlvv.va~lilﬂrgv with vhemical engxneer1n5) e : i

1hL ep«lt dddnesees itbcli to the.queqtien ef the eff;ct of a.PhD
pY x)-} rxmmv dn reeruitment . af staff. to-teach und«rgraduate programmes . and
:dmxt». th:g MOSL: vrofessors with a strong interest in research are ‘
anfikelvoto He content te work in a predominant ly undergraduate’ environment®.
1t-is tie view of the Discipline’ Group that failure-to .recruit and retain.
a0 woad prupnrtlon of faculty members with strong research. interests will
.’uitxmately have a negative effect on the undergraduate programme, for it
s through the.correct combination of ‘teaching, research, and professional
taleut that vigor and progress will be best assured. . Finally, .the
assessment and planning of graduate programmes cannot be entirely. rational
or-realistic if dome in isolation to -existing undergraduate programmes and
Tpriorities. In this regard it is questionable if the proscribed terms of
reterence for the assessment, i.e. limitation to doctoral programmes only, .

‘have not predetermined the conclusions, and that the report's recommendations

mav have been substantially different if the terms of reference had allowed

V“brﬁuhrdddbr and more integrated perspective,.

.-»’(;.‘..Eézli{.\i. i Ht)‘i}li \UATIO;&S

fhe report gives three general recommendations relating to doctoral
wrn%rlmmus in the province of Untario, and two recommendations relating
~ro osupply and dJdemand of Phi's. Taking cognizance of the agreed need for
Cincreasing the Phb output in metallurgy and materials, and that this
inerease in output should be effected by all departments with cstablished
P proprammes in Ontario partxcipatxug, the Discipline Group recommends
tltering or qualifying the repert's general recommendations om page A-1
and A-if{ to read as follows:

tecommemdat ions Helating to Doetoral Programmes in Ontario:

(1) Thi existing programues in extractive {chemical) metallurgy be
strengthened, and at least one be maintained av a level of
intuernational stature.

12y fhe cxisting programmes in materials science be strengthened,
and 4t least one be maintained at a level! of international stature.

{ At Wherevet programmes in metallurgical, ceramic, or polymer engineering
exist they be combined and augmented to develop strong programmes in
“teridle encineering. Tt is wot essential that the integrated
crugraimes be under tie administrative control of one department.
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(3b) I'he propars ‘& of. :m cffux‘t in N:{tg rxals eng m*vrxn,‘ devoted fo
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4 ostpone prdoctieme dnopedteey o aterials integratod wote the
wnoeralom nage Ti. 1% Cemed e e r iy prea e e :
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{2 Pfforts to reoruit a larger proportion of‘the,PhDHstudcnts_frum the

~praduatesof Canadian underpraduate programmes. should be continued

and intensificd.  The stipends.paid to Canadian graduat: students

are inadequate te attract a sutficient number and bhuuld be incrensaed
© substantiallv.

RECOMMENDATIONS Fo INDIVIDUAL USNIVERSITIES

. ihe Biscipline Group ddes not consider it necessary or appropriate
to comment on the report's specific recommendations for each University.

“ihe responses to the recommendations are given In each institution's

report, and insofar as. they are consistent with the philosophy and general
TOCQNPGnddtiunb_of‘thib‘{bpgtp,mlhqy.hJVg the full endorsement of the

l?isl' ipline troup.

c-\-.



e APRENDIXD Conn Sl
 UNTVERSITY COMMENTS

-~ Comments appear-ftom'CarIeton, MbMaster,‘Queéh's, Toronto, Waterloo,
‘”twwéstern Ontario and Windsor. (Carleton has no representative on the

-+ - Discipline Group.)




':‘LARLEToﬁ UNIVFRSITY

 KESPONSE TO FOUR ACA" AhSthMPNTq oN FNGINFERINP -

Introduction '

Car}eton takes lht view that groups of disciplin& shvuld be

eva}uated hefnre a clear p?;ture oi the sitﬂation w&thin a aangle discipline firé

can bL nbthn‘u._ R(pcrtﬁ nn zny oﬂe cnmpcnent censidered In lqolatinn could-
load 10 an v:rnnooua judgomont and unwise and preeipitate action. Threo
conuu}tants fInal assessment roports have now been received for engineering o
‘disciplineq dn which. Carleton is actively involvad* Civil Engincaring,
- Flectrical anine“rinf .and Nochaaical and Aeronautical anineering. A
_:fourth report deals with “etallurgical and Materials Engineering, of less
"direct concern to Carloton, while a fifth report, not yet received will deal
with Chemical Envineoring, a discipline not represented at Carleten.}

This revponse will address itself to the four reports which have
J»b(\n received and cxamined to date. we may wish to add further comments
-;‘wh*r the fifth rcpnrt hae been studied.
| Wp sense a good deal of unanimity on a number of fundamental
ques .t fons among the fiftcen consultants inVleed in the four reports so far
received, a communality of viewpoint which we share and endcrse. We believe
~that FEnpineering has been most fortunate in having the assessments carried
out by a group of consultants whose international stature, valued judgement
and rérsﬁcttiVé givé éﬁthbrify and éredibi]ity to their studirs and
reports. In general then we accept their findings and aubscribe to their
recommendat ions with only a few exceptions to be noted later.

In this rospnwsc we shall deal first with those matters which we
bolieve to be basie and general in nature and leave 'ntil the end our views

n upecific points raised in individual reports.



Matters. of a Fﬂndwmentdlfuriﬂunéral Nhture»

})5’Con{z: 0{ Qtudeﬂf ﬁu~bers*

— m—— o . ——

Thu‘fuux report '-unanimous in thcir npininn Lhdt previqus
rxmxics of the dcmdnd for onvineers with doctoral degrees, notably thase
in the Lapp Roport oF 1970 and the repart for CEﬁC of 1973, haVe erred p'”
«trioualv on the Inw side.‘ ThLy paint cut that there s no evidence of
diffi&ult) in obtzining 1ohv by students close CO graduation, nor do they
»forcs1e dlffigu]tlc“ in ‘the future except for those which normdlly occur in
 }high1v apegialiynd areas. .
. ‘The ccnsultants reject the notion of quotas applied to departments
. tn €ontr01 studcnt numbers,.in part because the domand seems likely |
‘.tu exceed the supply than the reverse, making quotas unnecessary, but in the
main because thny fcel that other means of control-are to be. preferred The .
report on Electrical Engincering puts it this way? "Thc number of doctorates
" franted in electrical enginevring (should) be determined by:
1) availahility of qualified students N
(ii) maintcnance of adequate standards by the universities, and _
(£ii) the cxisting capacity (staff and facilities) of the universities
for giving adequate training.” The Mcchanical 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 undetBFaduate requirements,
the market demands, the quality'cf the pragrémmé and the goo& judgeménﬁ of
the departments to determine the total number within the sysfem."

Carleton subscribes fully to these views. We believe that rather
than-thrnugh centrally imposed quotas or limitations the universities
dndividually r*thuld control numbers by restricting admission to students
showing high promise and by maintaining adquate standards. The latter

Ctovetie rowith the market demand will provide an adequate control. We wvould
Fo propared to support the development and adopticn of an cvaluation scheme,
ETUR PR the seholastic index mmed at Carleton, which can be applicd across
all disciplines and which could be used in the monitoring of admission standards

which we helicve should be a matter between a university and 0CCS. e bhlicvc,




*

_engineerg capable of responding_to these new opportuni:ios.

ho“cver, thﬂt t%v intorpr&t¢tivn of thcav «txnddrds fer individual student

..thﬂbdshau1d&bv }tft lv ‘the infuxmud }uugemtut of the universitv concerned

- 2) ﬂux}rtv of f\isting Prn”r;vmexl qu*vvxtious far (haugy'-?-‘~ i

Frum Lheir cammonta ot thc qudlitv vf the Th. D.: ru?rammes for T
tho syqtem gtnoraiix it :»  ar that the conqultants believe it to he
quite acc:ptxhln, Tho Civi? vnr°u1tant« nu'"°-unt that the «vstem provides a
ﬁﬂwd Qnaiit\ {rifrage of thc ffgid and. spkc1zlaxes withoat undue overiap on a,

.

rvzinnll bd°!k.' Fommcntq on individual uuzvorqities draw attention to

dcpartur‘s frnm the norm in both directionq.

~A common theme running through the rcports is the need for greater

flvaibility in the future. The Mgcallurgical and Haterials ccnsultant qtatg

it thiq way: "As. Canadian industry becomes more Snphisticated and has to
”rol; on more advancod technologics, it will have to learn how to fu!ly
~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

" These consultants

‘also recommend that programmes be so designed as to permit graduates from

. ..other speciaiiies to change specialties as they commence Ph.D. work.

The consultants also show a degrée of consistency regarding the

‘necd to shift the emphasis in Ph.D. programmes to meet the situation of the

seventies. The Tlectrical consultant: state it this way: "The education of
Ph.D. students in areas of national necd is a more efficicat use of resources
than is a random choice of fields followed by a period of retraining.” 1In
relating it to thelr field, the Civil consultants state that thére should be
"less stress on traditional areas, particularly structural engineering, and
more stress on mltidisciplinary education, vnvirnnmenrél engineering, and
transpurtatiog." The Mechanical eonsult#nts recommend a preater emphasis

on production rnginubrinr and dvﬁinn.

Clone contact between universiticos and industry is felt to bLie

simporfant by 11 the consnltantre and individual oniversitios have beea singled

out for coizendation whére this contact is reparded as exemplary while nthers

“have Loeen anted to jl-s}'i‘u\.‘c in ithis !(H;Hli.

Once again Carleton accepts the findings of thL consultant on the

quidity of th exinting proprames and their vicws on the nature of Ph.D

Programmes ruquifpd for the immediate future. We feel that we have alrcady



mgde cons idcrabic'ptﬂgr\sq Louald achieving the deqirdble nhjectives set o
out by the ‘ouuultants and thar we have rccoived adequatp‘recognition for

this 1n Ih\l} rvpnrts.”

S 3)‘ ( rxt i l 'S“:;v‘ ‘:T‘Lfii~ fTL"?:I7”“‘fJ¢E"”"“""

_ Fhv !np{ne<zxay.\onqultants are far 1eqs cangxrnou about the concept
of crxtx.a* size than th« consu}tants who rarried ont ﬁvzt of the. earlier
plinnxn,‘Jy 'eqmontv,‘and xhow as much concern for cho diqndvantagos of

gineorzng consultants place thoir primary

”bfrn‘ . of “qullqoqs.' Tho

omphn {n on the qu;lxtv of the Qtud 1t and of the faculty t1ther than on

“Size,. 8 viow which we hoartily endoySe,

Th¢’Wechanical consultants take the strongest stané agninst tho notion”“'

'. of nriti&:l qize vhxle admitt{nﬁ the advantages enjoyod by a largo grnup,

they 10 on Lo express their view that "a drawback to the large group is
Y . P th ‘- rawbacx e 18IRC R :

the difficulty of adasting to change” and further that “the groups in the.

- smaller departments often displayed an original point of view and a wil]ingnoss

to nd&pt ta change that was not apparont in the iérgér and léhgcr established

dvp;rtm«ntu."uﬁ%éym?bhhamméré'Eroéé'Iihk5ééé'be€wébﬁ'départménts'énd'a""””

"nrvxrn tondonc; to cstablish outside contacts with government and industry

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

~and no rapabfe individual within such a group should be denicd support

because it is small.™ The Civil consultuants echo these views: "Size is

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

progrovae’”’ and also “there is no a priori reason why a small school cannot

provide as satisfactory an environment for the student as a 1argv scheol.™
The Electrical and Metallurgical and Hateridls consultants are not
as definite on the matter of eritical size as the Civil and Mechanical

conuultants, The Flectrical consultants f&lt that a desirable size for a

dpeteet Fell in the range from 10 to 20 faculty with from 10 to 20

sotid ot cwanlled but expressed the view that "high stindards of cucellence

vithoeophacin on gquality vather them quant ity wils pay off in the long run.'

T ot atlureioal o and Materials lHU'U}tdn{d droaw attentlon te the contrast

“hetwoen the Britich approach to PhoD. vdu:atinn centered around the thvsie

and vequiring only one poaod facslty member and the American vicw that a

dojartment needs to be éuffiéiéntiy large to prnvidv a proper range of



|

‘éau:svg begauxu'ut {hv xzput:dnLv'fxven tobcour<g wnrk in the Amorican N
éﬁpfnéchu Thu-‘\aqulﬁant. t&v~ «Ivos touk th( pooition that qludcnts Should B
be taufht bv merhoers: of thv hoetie Qgionro dep}:twnnts as wo?! .bv-” » » |
anxnecrinh fu<u££;-mowhorvland thxt Lhu critlel blfﬂ of thc {uru dggﬁndgéﬂjw-

great doal ﬁn thv‘strenpthq in rc ntvd dxsr*ﬂlinew. “The 3utt“r fuctor
seemb to. have bngn i;nnvcd hy spne vf 1h0'eﬁ"\u%rfu1a who aqqpaspd the
non-fnbineorlng di;- plxneu. _ o " V ;

As indz Jted above (zrlcton {s fnllv‘xn agreement wﬁta the

pa:itxun on L!Lt!gJI aihv’ akcn by Lhc fnging&xxng consultants Jnd doeq nat

supporL tha,vjyxu.ni the. Chomistrv or Economics. onnqul:ants nor ACAP's views .

“on this matter.

4) Proportion of Foreign Students:

A1l Tour of the ropnrtq undvr review make roforcﬂro fo the enro}mopt

| °of {urulgn qtudonth in the graduato prug rammes at Ontario Universities,

The Electrical consultants noted that the percentage of doctor11

students with first deggees from Canadian universities was Lnnsxstont}y in

-thc ringe from &7'tn'ST“uvor‘tho“puﬁL"fxvv'yearsr"They‘bvlieve“an'ideal"“‘"
“mix should Invalve students with a varicty of backgrounds coming from various
“unfversit ies and should include some students from foreign countries. The

Tatter they feel should be in the minority and they suggest 257 as an

appropriiate proportion. The Civil consultants expressed concern also at

“the low percentape of full—time Ph.D. students who had obtained their first

degree in Canada but remarked ﬁlsu that the percentage was much higher for
part -t fme ﬁtudvnfﬁk?nd sugsested that part—-time studies should be encnuragvd‘.
. The Meclumicnl conultante, vhile noting a «imilar proportion of
nen-Canadian firet doprec siudents (o thore ment ioned above concluded that
Weocannat cotnt on Comndian Hﬁdc;ﬂfJJUUtv schoals to provide candidates in
ﬁﬂkfirivnt purbers and that ve mest cont inue to rely on Qtudnnrs from abroad.
?h& latter weuld Tibaly decrease in nirhor du the foture due to recent policy
éfox:r- o owith ;'«.,;;-g L to 1::31\ dtoen and financial sxx;»péfr! tor students without
1;515‘3«"! irvnd oramt ot Thoew sawe it that support for such students should
core frim appropriate federal apencies sauch as €1DAL

The Metallargical and Materids Coanultants find that “Canadian

dndnata e unnhle te £33 it vieandéica with Conadian praduates of Canndion

-~
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ori;:n haa prcivtr‘d to dm; '1: y:dduatcs irum British or Aubtralian origin
athvr thqn emplo" ianxdians of Aqian origxn. Thcy racnmmend an inten%ification
of ci:wr:hbto_rpfr“‘f a,?arx(r prnpnrtion of ?h ﬁ. students from the graduates
of i i ilzii“‘\;xlgi,ipt‘t rrj‘£f§ \7;;15;;-f5 . ""1 l:ﬂ;T;:.J; ;L_J;:-"-’u__‘.v_i__ L ' » - '
Cari(tov ic‘iﬁlu,," :nt with thp canaultants c0ncern1ng the
dvaxzthi1itv of hxxxng a mxx ﬂ? studuntx from dxfferent universiti;s in

Can 1 il I:un ; r,ixn counts xux und in having a rcasnnahle balance betwccn
'Canﬂﬁfxﬁfxnd nnn &:Qz“ an \zxnt dvgrce hnldera. The problem ef £oreign
stdsnes i usuagl v u\pzeqqud‘dq one of controlling their number. We bellcVP

_that *hg rn(xnt xz"rratlon.‘nd finqncial reqzrictions impaqed an this yrnup.J‘ ¢,f 
is 3;1:1* tn overshoot the m;xk and thv problem in tbe futuro may well be one e
_ot tnr fow rather than tnn many tnreipn students. A morc qerious prob1om is

“that ot teo few graduutvs of Lanadian schools emharking on Ph.D. work.

Coprmonta on Some Speciflic Matters

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

Jdividualoascessrent ri'pnrts. - ‘ e

1) Civil Fnﬁinvering”nuvturn3 Plaming Assessment:

-

The referenresn to Carleteon University throughout qhiq report are
generally favourable and on the whole we 1ike their conclusions and
receisendotions, There are, however, one or two points we wish to question.

In Foecorne mht inn 3 thv (nn*»lﬂf.dnts quggoqt “there is a case for

mrmaa A L

mere consistent reguirement of acceptance for PheD. students between universities.”
Ve are uneertain s to the meaning of this since it is not discussed in the

bushy of the repert. e have exprossed the view earlier that there should be

a svoteny nnchoan Carleton's scholastice index, for evaluating students across

A1l Qi oiplines, ond that 008 might monitor standards of admission generally.

- e

oodo net sec the need Toroan :~ternal ptrson on 1rrvptdnco comnmittees but
Ceont irae e capport the pesition that there should be external vxamxntr- on

!'E:l“ Ve tl:",",;l“i{"!"‘. . é o

-
o . ' R r. ’,r"-
oot et the o epesal ok Ru(nmmpndJ:xnn 5 concerning the

'

collanaing of the PLDL BLT. C 's into the undvryrldulto B 7. H *s although we

can saaeort the oljective. h«]i(vo that a nd]nr ro—o%amindtion of the

-



]

fnrmula fur providing opurlting funds ta the uniVersities is &dlled fnr,

not juqt minor adiuqtment to B. I. 1. wc:ghtings.‘

WL dQ nnt seo thv npcegsitv-for the further—proliferativn Df de?rv .

dcsign&;ionx whx(h would_result frnm_thc intraductiqn of.Lhe ﬂo:th of : -
anineering chrce included in Recommcndxtxon 12. He suppert fully the'b

consultants cﬁnoopt of a ran?e of pnqqibllities for a doctoral th?SfS.-fl:ﬁz'*
from the mdthCﬂithd} or, thenretxca} at one end to. the dcsign or appliCation-:
lorinntatnd at rho othvr end but we bvliove the requlrements for the Ph D ;

shuuid be flv\ible enouqh {0 permit this as is tho case at Carieton

' 2) Rhﬁnrt“nn hncfnral Prngrnmmésxjn EIéctribal‘Rngineoring in Ontario =

Universities.

For the purposes of assessment and reporting, the consultants have
cotbined Carlcton's departments of Flectronics and Materials Engineering and
Systems Hngineé%ing'under the discipline title of 'Electrical Engineering.’

MThcir comments, conclusions and recommendations apply uniicrmly to our two

" departments. We regard this report as a highly competent and thorcugh niece
~of work. The“nnalysiS”in'the“uarlier svctions“prtoritO'the'evaluatiunmnf~
Cdepartments gives te the whole a depree of credfhility that is probably unigque
~in such reports.

Carleton University has received a uniformly favourable assessment
in Flectrical Engivcerxng.A The Ph.D. programmeq in both departmentq are
considered to be “etrong." The interaction of Carleton with laboratories .
and firms in the Ottawna aren is described as a “model" while our programmes
arc préispd as having "unusually high contemporary -elevance."”

Ve intend to pursue our prupésod {ive-yvear plaﬁ for the graduatce
propramee in Dlectrical Enpivceringy we belleve that our present orgamization
into the twr departments of Electronies and Materials FErpineering and
.S::J‘.!(-!?:: Ingineeoring is the rost appropriate and effectiv: for our ;riirpc‘:::os and

Aintend to maintain this arpamizat ion,

We have noted the goenerad recommendat ion that only students showing

high premice for praduate worl <hould be accepted fnto the PHDL prograriee,

Ve endorse this recommendat i,
. %
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ko plan to aim for the qmall growth in graduatc student vumbfrc
p;ﬂpn‘aJ in tho five~vvlr plan,but nntP chat in the consultantq vicw tnia'
gr . th 15  modoqa. § shﬁl} aflow ourqelvvq Lo be responSJVe to the
3np11<drinnu uhigh W rOsoive from wellvqua}ified qtudantq...We expx;t that
oL “rusth uill bv ixmxtod ta e naturaX and non-excessive rate hy th~ limited
anH b I zx\* of ycmd 'qmiicantq. RSN __.;. o - ;';;:" i
Vn bLTievo that, it is fnssxblo to. increase the Rcale and pffectiveneqq

u{_unr KR n&;ntinnq thh»iahnrxtnrxes and ‘irms in the Ottawa area and shall

. QnIUd\nul Lo £YF301£ further such inter actions.

Thv-rtﬁnmmﬁndxtiﬂn that greater use. be made of graduate vonrch givc

,at t he- inl“tfsltV‘Uf ﬁttdwa 1s ac<epred - The eqtablishment of a. c}ose WOrking
',rflxtx A-Hxn over thv 1ast tuo-yo 34 perxod haq made the bharing uf course

-fgfivflnyh amd facilitics a uxLuLdl outcome which it 1s intended to oxplnit.

B accept the report of the ACAP concultants without rescrvation.

Ve consider the assescpont to hﬂVC hppn fairly and thornuyhly done and

b tievie that the report as a whole will be of considcrab!e benefit to the

Cllectrical Poapineering p}HfPSbion 1n ﬁnt1rio dﬂd Cdnada.

3) FPeport of the Mechanical Engincering Consultants:

W accept the ACAP consultants' report om Mechanical (and Aeronautical)
LAyinQurin; without reservation. Ve consider it to be a valuable, authoritative,
vell reasencd document.  The report is thoroughly eredihle because of thé
conpetence and Internat ional staturﬁ of the consultant team and the excellent
avirtviow they pf‘uvidc. | |

We aecept the consultants' argutent that, becanse "the developing
cerver cootd casily aboorb double the rate of output (presently about
300 PLLDL S /vear in Ontorio) doring the next five years" and because of the

b awddorsepply of owalif ied candidates, assipned guotas for the Ontarie
NYSRSNTACE NI Y tean it leas, |
Lo oapte e that wlequate capacity and guality exists within the
Jf;:;t'uut ﬁud tht d~ciJiun¢.ubunt specific rescarch arcas ahould be made
ot et g 7“.1'-{i-";. e accent the oriticinm that ;;'7-5.'(.-.'%.%1'\"-
efvart s beon :h'&'n.tf';l' to "traditional and classical arcas of rescarch”
ant that our oftorta ﬁhﬂﬂld‘bﬂﬂtfﬁnﬁ to be ve-directed Luwafdﬁ fe&bdfch more

po PLtoent to the practice of Mechanical and Acronautical Engincering. We
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agree that the relevance of the fegesfes‘aéfkwgsggd'se-&asaheea‘;f’gaggorg“
'werg made more dependent on contracts from high technology industry and
: appropr&a{o fedcrl} gevernmvnz dcpartment ‘
| WC 1ntend to pursue’ our proposed fivo—voar plan and strengthcn our
oqtactq with 1ndustrial and government laboratorics. We will»explorc the"
‘pnsqihillcy of OQtablithﬂF an industr131 researvh instltute (or an offiao
»of indUbtrial reqearch) inco theqe 1nqt1tuteq aro noted as having a highly R
bennfiriuA‘\fftgl on che rPQeaxch af tbe faculty and graduate students. |
we ap&%aud the rccnmmendatien that a gnod Ph D progragme qhuu1d
pruvid‘ breadth by means of well balancvd eeurse work and depth by means of
a. thesiq invo]vinp substantial rescarch on a qpecific and topical engineoring

p;oblvm.. Dmctoral graduatrs from such a balanced educational programme will

. be able to move into industry and tackle problem so}ving on a broad fronL.

“Conclusion

We hnﬁc that {t wi}l‘bo.clgafwfrom theﬁforegoing'that we find
reports penerally quite acceptable and can endorse all their major conclusions
and recomméndations. ~We regafd the specific points on which we' disagrec with
" the consultants to be minor In comparison te the aggregate of the issues on

which we apree.

. R. Liwe :
NWoverhoy 12, 1971
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fe et O DRCTORAL siuuats iu'mgTALLuRn;CAL-AND MATERIALS ENGINEERING

Tnis rep:r? duais mgﬁf effecf;veig xndeed wxfh fnelds of :tudces fhaf

have trong multidisciplinary, overfcnes, and. that snvoive botty Science and
Enqtnear;nq Farulties and: Depar?menf I+ does. this by grovadsng an rn?eTn R
'““bfz* >n »f "V°faiiurq:uai tngineer;ng" that is well. founded in both: .
',;)‘iL and recént developments, and gives a convxnc:ng ‘overview. that
bonds “ﬁv:'?ton to the trends’ foreseen and to the needs envisioned.: By
ﬂjﬁf"” +5 this a thorough quality assessment and a careful approach to the

stimation of manpowar requiremants, the consultants have produced a most
Vmea»d~>.o docemant, - 1t is sysfem—orcan?ed ‘stating direct challenges
..Jéﬂit_;x\reazfr; voopara?zve etforts. . Overall, therefore, we find the
comitart @nd tne recommendations most usefut for piann{ng and. deveiopmenf
pLmasoas, ang we are appreciative of the fairness of approach and the
affar+s devoted to it bv the consultants.

o ‘u}eu—af.””n?a iurg;uat Engineering” has bean carefufly de?tnea?ed
extractive metallurqgy, materials science, and materials en-

3ios 5 ctassification, 1ike any classification of research and

- “qraguate jn-trusrion, into apparentiv separable elemants, can create some

= s~ iemstanzing and confusion. it can be academically dangerous if it

Lo eeeio 3 sinta rather than giving.erohasls to the comron elemants and

Feia*tomonics.  inoQur vies, it can t2 claimed that the classes adupfed in

s {artractive motaliurgy, moterials science and materials engi- ~

“hericnd are well defined, buf must aporopriately so for highly-developed \\%v

L Smtrias sooh a3 tha ULS.AL Tn which most Ph.D. graduates are employed -

acondary industries that use materials. In Canada there are as

+

.
A

ivuir few secondary fndupfr:as with a sufficiently compiex tech-
re targe numbers of Ph.D.'s. There is no question abouf the
tha .zlassification of extractive metallurgy, though we prefer
;e thamity’ L OrF Grocess, muf”lurgy as it more clearly can include
cee il rafie laq nrocesses and corroston, as well os the extracting of
st L Te Tho otner classes {(materials science and materials enqgi-
T i s'E . aranented with a convincing rationate, shoutd not in our
’ meizens, ~ope o imrmediately displace the more traditional classes of

STl mem el oy, cRramics and polymars, These are relevant, for
s a, e zasey E g sreal manL sl tarar who hires a PhoD. oaracuate
cm i % cmymiagl retallura,, Linco ho neads a person with krow-
L enmmmt L aenerivnca in T s orodominantly and 1o 8 mulh
ot ss s Lad maramies, I fact, in this case, additiona!
Do gt LT onemter iy va para do L iratia in the medhanicel engineering
SRV P LR IS AN F R B KL N 1S Wuar than in polvm=rs. Th.o,
L R N P A R e xfaw’ﬂ far 3 matarials uaer,
T s S PR E L Jogartr o vL, oo o,
T U mreagmam ot Loy witnout 3 heooad egper oot o
fm s = e e gt ey wt e A, e naeded by neometal rrodue drs -
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rnprg,PPf "q a m;ior JQC?OF of Laqadtan 4ndusfry Howevar, the need of the
mater gt =Lor indastried far PO graduates wii b he ircreasing faster than
that of the producer industries, and. these needs too must be met by our
univergrf‘e§.  ‘We theretore do support. sfranqiy the sfreng?henan of pro-.
grams in matarials science, and rhe establishment of af least one materials
enginearing program. - AT the same time, we woutd .emphasize that.in aur -view
1y qaud maferfsis enqznparxng program Myt 1nciude some. materials science;.-

and the reverse, of ‘courss, s deslrable.” Thus,wan emphasis in-one of: fhese~~ =

classes must. nof exctude some work also besng done &n The ofher.

f?A¢°h D prog*am, fo the gfuden?,'ts prtmar*iy er personai Qduca?lon

and for: +r3;n:nq and experience in solving complex-probiems: definition,

analysis, and examination, . The’ con$ui?anfs, A their statemeat on QXTFBC*
tive me%diiurgy, emphasize {page A-7) that the "need for scgenf;f:c .
sophistization expected of a Ph.D.- graduafe {in extractive metaliurgy)

- appears to be smali". 1§ +his is.transiated as “sophisticated applied
”cher?srrv and app!ied physics"”, then any -timiting to this concept by our

exisTing schools in metallurgy and materials will fail, at least to some
degree, to meet the needs of industries with problems to be solved by

Cother taghnijues, and/or at a less SOph;s?;cafed lavel. This may well.
rave resyited a2 tao-restricted market for Ph.D. graduates. An example

¢ this cculd t& in the area of extractive metalturgy, where sorting out

. the ’OW;]@X‘fﬁﬂuzreﬂeﬂfS for raw product characfertzafton -and mineral
beneficiation, within the constraints of energy requiremants and Pconomics,

arosents @ fa~midable challenge, beyond that of Yscientific sophistication”.

. 'n9 therefore supnort the proposal which encourages additional breadth of
. ®h.D. srograms in extractive metallurgy and physical metallurgy to include

srenfem sotving techniquas usad by other areas of engineering;. chemical-

.- waginansring and mineral engineering for extractive metallurgists, and

m2chanical engineering for the physical metallurgist. In many cases these
g 9 3 Y

‘ﬁd;rahs atready exist but are not taken by metallurgists. To us, this is

an additional reason for supporting further strengthening of the effort in

. exfracf.ve metallurgv.

- de can now speax specifically to the general recommendations given
in tha ~nnort hased on the general classification of metallurgy and materials.

Facommaedytlan #1 catting for further strengthening of the effort in
sxfractive [~homical) metalturgy is one we support fully. For the reasons
atuee ahoen, a2 alst aupport Recommendation #2 for maintenance in Ontario
cf Top-level ztrength in materials science. Recommendation #3(3) recommends

s lotoa w3 sugmenting of metallurgicatl, ceramic and polymer engineering

ety Leesmay orroqran of materials engineering.  This we can support as a

ittt Meacrion fo o, but ower hald To our claim . abnva that these2 oldaer
- 13 [ |

et L iEE Lyt s b mpe St e nddap in tne Sanadian gontext.  Hecom-
' L for e Tacr2ase 1n the work on ceramics and glasses

CLitnte marafingtd anginaaring, a0d here aqain we of firm our support. |1 s

NEESLGE 4w a enat Loosunaort, a3 20 important develocoment to be fosterad,
st e e e e pmadelgls mesaram intaqeatent with g ogoters! materials

" e are L e AP -;3?: Y r .
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ey uuopprj,fu{iy.}he:fenb::ahd‘}ﬁeféonciu3¥dq$_qf the report's de-
Sy o5 id T o the wuandy and damand for highly-gualified mangoser.
irara 1: g convinging Criticiam of the approach taker in the "Ringof
Ayt AL more %mgarfanf!¢, pecausa of its recent nature,, ot the short- -
~gmimoe, ~E the OLMG report.  We consider that tae case made for. ipnar2asing
Aamard Zﬁ;m;*nr?@}ﬁ1%c?enc¢’andﬂmaféria$$-engineeringo%s'é»#a¥§é.cne, as. . ...

s

cie fuae 4He area of extrastive mefaliurgy when-it Ts coualed wity the
Contrary tovan:cpinion - -
in the repart, we expect to see a drop in-the number of metaliucgists =
Fire . trom the UK., where we _understand ‘there has been a recent sharp’

~autic . predictor of @ 3omewhat Slower Tnureases.

irsh inenrolment in both Ph. L. and undergraduate metallurgy programs... -
fnic oniy reinfordes the concern that:Cntario must produce more of its

Lur, *hroggh bath the attracting of .more ‘students into the .undergraduate . =
Jreaaaﬁd;:hraugh,tneabroadening;qf the base from which Canadian first-

dngres nLU, candidafeslarevdfawn,"ln}addition,“Tbe_ShOr*—ferm financlal
pan2fit of enrolment in a Ph.D. program .is not great, and we hoid th2 ‘

Canintael fRat many Canadian graduates are thus easi!y:a#ffacfad-ImmediaTeru‘
ke e s teial comployment... The "importing” of foreign.graduate students

.

P errainty i ogrt a compensation for. this. . The latter, in our exqeriente,
L3’ s mave 2v-2)lent academic. qualifications, and manv adapt adequately

Tt fra anadisn scane with a success ful emp loyment record. Nonetheless,

{é,?ﬁfnr’c ~i7has Tanadian graduates to direct the -complex technologies
n it may well have to pay enouzh fo attract them.info a Ph.D.

2F el futare,
poeaeym, Tris may mean that students in particular areas wiil be paid
iea tmay atrzes, but +his precedent has already bean sov in the madical

in +<usRiaes otronqly support both recommendaticns of the report

Wil masmect c3oen increase in the output of Ph.D.'s, and an intensifica-
: “f resruiting efforts from Canadian undergraduate programs including

. 7 agdracssing The recommendations specificaliy dealing with McMaster,
e ares niensesd to note that the efforts we have put into our materials science
program nave resulted din facilities and programs that have been so enthusias~
sichl s sralsed. Wa are already trying to put more effort and imagination
~a.rii*ing chemists and physicists into our materials program. We
cn =t ee g ark of experience in the field of physical properties of

-+ (0

, . .es, umi 3ra looking for a postdoctoral fellow to hetp fifl this gap.
., _ - ~wai*i:zn in this field is a departmental priority. We also
Peelgn s = .2 havo a relatively small number of faculty in extrazstive

el =3 am< ga aro presently planaing to augment this flield of activity
coes o ses anilrion of aszsociate members trom industry. Ve are als»?
Came e oeeseregd*h of our courses in this area. We anticipare mur?

o : ¢ -rear gnglaeering departments, carticularly chenical
s mnering, and with the apartment of tatturgs o The

s o Selasal . uneatl, the suggestions and rocommendeliont To-
S - e o eaqene, are bhath parooptive and pertinent. lrressacotive of
o coo T s it tma repart, we ars appreaiative of Ehose

! R D I .- 2
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3ur :cvwordafson o‘ Tpe m-:-par‘r ‘and our: Suppcr? for A?s recommendatzonS'“
Laia n e fFem our appreciation of the analysisiby .the consultants. of -~
tna gata suoplied to them, The statistical compilations of populations,

ndargratuate activities, qraduste student dafa, sources of support, employ-

,";
v

’wenr CoetL, were execufed to lend strong vxsrbzix?y to the time dimension

[Eour tn fiyna year history) ang to important factors for qual:?y assassment,
4o aion T2 add only two-minor points of comment. Firstly, more absarvations
miqht watl -have.been drawn from. the interesting.data.on the fotal elapsed.
time for Pn.D: work. Its compilation for the. sysfem Ts nonetheléss a most
usefu! contribution. Sacondfy, we feel that the apparenf confusion on ?ha
number.af  graduatestudents’ I'n particular’ pragrams arose from different -
ieternratations ‘of the term "materials enginsering”.- The graduate sfudan?s
Piated it materials enginearing .in our submission are taking.a Ph.D. in

: ma?aifu”qv”"uur delineation was not clear-cut, but was meant to. und1cafe

which students ars more oriented toward me?ai{urgncal processing.
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Dr. .. A. Preston .

: xecutlve Vlce-Chalrman a
Advisory Committee on Academlc Plannlng
Ontario Council on Craduate Studies

102 Bloor Street West

Toronto 181, Ontario

2,
Dear Dr—Pwe

The Unlversxty wishes to render no ccmment, at this stage,
‘on’ the fihal Consultants’ report on the Metallurgical Engineering
Planning Assessment.

Yours sincerely,

ot

R. McIntosh
Dean

RM/mie

cc~-Dean Robert J. Uffen, Avplied Ecience
Dr., W.B.F. MacKay, Meuillurgy
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"UNIVERSITY QF TORONTO
School of Graduate Studies

OFFICE OF THE DEAN S SRR ' - Toromo181,Capada

0, 1973.

=
Dr. M. A. Preston, . . T
Executive Vice-Chairman, . o '
Advisory Committee on Academic Planning,
Council of Ontario Universities, :

102 Bloor Street, West, 3rd Floor,
‘Toronto, Ontario.. ‘ :

. bear Dr. Preston,

-The-Univcrsity«of'Tbronto agrees with the broad thrust of the

| feport submitted to ACAP by the consultants in Metallurgical Engineering,

 but finds inconsistencies of logic in some of its recommendations.

We should like fifst to respond to the general recommendations

. on mﬁage A-l1 . and then td .consider recommendations and comments

'_qoncerning 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.

3. and 3 a, b, ¢. We agree, therefore, on the need for expansion in
materials science and materials engineering with the qualifications
which we shall add below.

Forolment
1. Once again the Canadian Engineering Manpower Counci 1 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.



2. ¥e agree with the intent of this recommendation, we would suggest..
ffhat;”beéides\prdViding“iﬁcréascdistipendsatOWattractjCanadian ,
. 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 Torento -

o ' .We can sce no reason to change the name of the Uepartment of = .
vetallurgy and Materials Scieace. .The -undergraduate and masters' programs
adequately’ justify the present name.  Inevitably both materials science '@
and materials engineering must exist and-there is need for strength in

. <+ .. The University of Toronto would lope to maintain and, where
 feasible, strengthen its materials science program. As the consultants
themselves say of _materials science (p. 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
constitutes an important part of the materials science strength of the

 department as well as contributing to the interdcpartmental 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 sciemce. This entry will be .
~ framed by the chairman and will indicate where necessary relevant coursc
... 0fferings of other departments, The consultants recommend staff additions
" iu materials engincering (p.A-29 ), but in the opinion of the department
any additions should be in materials science, particularly in physical
ceramics and/or glass science and in polymeric materials. The faculty
Jean has asked that consideration be gpiven to appointments in one or more
of these areas, but the university can give no commitment to such appoint-
- ments at present.

R ... Groups now exist within the Faculty which could contribute to a
materials enginecring 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 bentistry and Medicine. The Materials
Research Centre would form the organizational umbrella for such a program.

(iven its excellent standing in cxtractive metallurgy, the

{niversity of Toronto recognizes its capacity to develop the field of
mincral engineering. The bepartment of 'letallurgy has just introduced
an undergraduate program in mineral engineering with the intention of
eventually building a viable graduate program in this area. After the

" # closinp of the faculty's Mining Department in 1967, two staff appointments
were transferrcd to other departments and a third lost through retirement.
The first two appointments will retirc within the next two years and the
faculty will give sympathetic consideration to maincaining these positions .
for appointees 1n mineral cngineering,




The Universxty of Toronto is aware  of the space problems of the .

Department of Metallurgy and Materials Science and the Materials Research
.Centre. The housing situation of both will be reviewed as part of a
: genera! reconsxderation of the prOgram needs d1scussed above.

'Tf We accept the prxnciple of co-operatxon expressed on’ page A=3
which we believe merits separate provincial funding. The University of

Toronto ‘would be willing toTsartxcipate in a pilot study’ with McMaster

Unxversxty in the use of a talk-back network

" Yours sincerely,

m%m%

:éfb”" F "A. E. Safarian,
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‘ﬁo the Report of the tetaliurgscal Engxneerzng cOnsuItants
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to the Advxsory Comm1ttee -on Academxc Plann1nu ~3f~1v e

subm}tted 1o AfAP Navember 15th, 1973,;,

“&Je;jh“ Thn:; regor» £o b; jenerailn‘gl h;gn qual ty and wg wish
to coumend the consultants for the excellent Job whtch thev have done. 'He
will begrn this: submvsern with a few general comments on the repert. -N-L.,;;f-

Wil make specrfsc comments on the section devoted to the Untversity of
Lsterloo and f1na11y wwll summar1ze our pos:twon en the recommendatwon

banena1 CommentS'

4‘ _ | The repart begxns with a very good descrzption of the nature and

" his;orzcal deve?oament of the f:e}d being. assessed.. Work in metallurgacal

quneer&ng, materials engzneer:ng and materials science has never been as

" clearly identified as a discipline within the university context as work in

tno other magor engineering fields and in particular has never had a Iarge

"’rieavlv identified undergraduate base to draw upon for graduate students.
 araduate ctudents. in the materials field ‘generally come to it with a dtverszuy_
e f b'c-}rounds from other engineering . departnents or from departments of

pﬁy37C$ and Lhem!stry In our view, this situation is likely to continue as

_1on} as work in this field remains as diversified as it is currently. We
wyree with the consultants that graduate work in the materials field should be
- strengihened and we support their first two recormendations which are stated

ot tie conclusion of thws.,ect1on of the report. lle also 5upport the goal
shich the consultants wish to achieve by Recormendation 3 but we question the
cechanizn. It is not obvious to us that combining these diverse activities
,rder 4 single administrative structure will necessar11y lead to the kind of

coordination and sirengthening of the programmes that the consultants desire.
S h an arrancesent might be successful in some cases but not in others.

e sucport fully the consultants’ analys:s of the supnly and derand

-

VnLuwer n tnis field. In part}auiar, Le Suypﬁrt the recommendations
et gie ool in this section of tha report. The pwrtxrular prohlem of Vou
N adx n content in the graduato prograrmes which the consultants comment on

V.oprasent In o ney enq1neer1nd progrnﬂﬁes te can only repnat here what w2
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CeEeme e qn oty for Swebanical epninteacsn, o The tartus ian ot i st iyt
Crn i Vecaan e sloRnaiecrind Dapostoat sag Do MRt 0 0Ty
_f'.&”,w:a; Dy v bentl of Dnginesring., Joo oo ov-Lulty Uen chxci;{ Lo
roboand :11 Erepineering [oore L

: .- ., . ool T . : \ ..
L ’:,' cue oy A NS PERRUNY F At S O 1 (;:“;‘r \f’OMJ.J 18 Lfl.x

ces cprmetoap Af tha pataricle graidp P e provede atron g quobart for wusoe in

[ . P, . ;. . 4 N ,-.s'.., . - - T ~ , - - - -
) choemios, dout ard wrvoduction eniroaring. It bas alen played an tmnestong
* z : . . H 4 R -~
Tole bt Dope ot ol L under s :,uutL progerite i o han ot i e ing,
. . < . L ey e S S T s s | “ i
R et R . A‘rflj.’t EEE RN TELY ) IR DL UV S LUNP AP TN IS P DT RSP0 I SRR SO s
¥ ~ c A . - "*‘1'\ P [ SR ~ PR . 1 -y W
W R PR ST A S STUR A0 S B S PO P ot o Lo ey e e iy aed s LS
CFreetiee oo hination of posoursos, cotenrd teen op tnis ancroach, and recoirend
St ey e T i et ° e . P E] © s SN
s CurtcmuarnalTL Tt s prebebiy frue thet bne visily oty of Lne arfun o
L . N £ s [ 8 c Aoy -~ : . - e Yoo
e b, v eranoaEnt and stels are bhoingotalen oo oroctity Ul U L
ST S AU AL T A S I L S N AN SRR AN B RIS S
o TR L L e S
;
i ‘g « . - [ *
T L R VNS IR BRSPS QDR SURTINOUNE S OPCIPEST SO S AL CNUINLPURS EPUCINA VLS L PC DA 202 SRR SR
1 4 [] - . - - . e " e
! T *u ‘ r R A PRI S M A T
Do L e e RIS EEEEE E A S AN 3 AL A
. . L . . .
T : T PSO1S NiTe VYoo ) ol e ] W (AN NS LS SR R -

&) ) ‘ '
s

ERIC . | o ]

Aruitoxt provided by Eic:



. > > - f : vy
S e CC=20- o L T
i s istort nt;n-th;»ghiﬁoicpuy‘nt-3nthrnLLng.¢;strnng,mqteriais activity
. .. ‘“ B r:":;‘_.‘j.‘ .‘:'_"’.‘..; iﬂ‘.*r{" 1"‘} (: ‘)l}' :.'.Z', . \ftif‘:,,'.' -~; - _" . oL N . L '. JE O . R A_'_ [N

me coasult el alst carent or the fact that there are cournes dn.
Coriadn ot Toot be L ooy departuants itk Faculty of fagin ecinn.
I “tg‘,.:?* . }4 ;f?,fL RS S A

-

- o rnl’-LW{Nn Faierials yiov -1l branche: v of enq?naertng “The- consultants
>uJ;vst tha* the unvars1Lv sh041d draw this act1v1ty together 1n an adm1n1stra-
.. ‘t;va un.t «c L iy cat radua*e proﬂréame 1n mater:als eng1neer1ng At the
srosent tlf“ tne unvversrtx has plans for such 8. deve1@pment Ne w11}
Ccentinue to enrcurage cooperation: auonqst the various groups and wxl] work to .
_()uru:vaﬁo the w;oqraswpq in the different de\frtments.' He will also contznue
U encourage *ne"nve3spmpnh of zntnrd13c1p11nary activities across Faculty
uOdﬂ“]FIQ’ \hﬂnﬂver thdse show promise of evolv3ng e are nat convxnced that
"tn\ astablisn: ert of an -ac m1n;strat1ve unit to encomnass all of this actxviny

. —

’,qud be a wise course of action for the untver>1py to take at this tine.

Coonentn on Cocnendations: : -
SELE LN S RSl S il )

: . )

CeY A s e Ee mgy o nsLicion on dhevnoyarad roga-Tandacingg

i o1 Aethomondations 1 wnd 2 and Rec mmendatipn 3 with the

. . Lo .
W reohoennaide, it necessary to provide an adq:n1stratrve

povemman in ordne o achieve a viable Jevel of dooperation_and
Ptetitel. T pisirsiig of Waterloo intends to maintain the strength of
L et oviale ap !t cuntinue to develop cooprrative arrangerents

v oveton oennug owark e dn e field,

- T e ouiio 4otne recuverddtion with regard to the anticipated demand
| e PaLLL s afels . thet it Lo st least doubls the figures given in Table 58

Lot wer et sty adian Lo ineering Handdwer touncil.

R G e roon e UTen taoe crtorty to recruit a lerder propor-

L §oe T e e g bty v yad b cantinued and intensifiod.

L e et thal gradiaete chgrarrh> in mater tals

. ek ar e v L0 DRUEINY HT PRIDMAL M
T O S AT A S 1Ly i ﬂancfloa‘a Trogrente has L

R T I DT I b et s atter bt o othor (ﬂuivnar:nq d. g.rt““ﬂt
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AT thes University of %af“r}co re-ecamine the proposition that sowe administrs tl;e -
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 recowmendat1oﬂ have been set ou»‘xn sore detat? abeve

Fxnally* he support the recommendatxon that more attent1cn be glven
’to 1nter~un1vers:t* cooperatlon in the metal}urgy mater;a]s field. Ne wcu?d
”add that zms cooperatxon and ceﬂaboratwn should ex;st not on'lv between
: uQ1verSttxes but between untver51ties and 1ndustry The Untvers1ty of waterloo s
- group in neta}lurgy and naterza?s has developed very fruitful ‘relationships uxth
- industry and will continue to do so.
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R&‘«pons{* of the Hm‘.e*’xxtv at &\estf::‘n Gntar*c fD tbe TR .

“”'Report of the. Consultants on hoctoral Progrars- in Metaflurgicil .nd S A

Materials Inginee ring of the Advasory Committee on Academic ?Kannxng

| Név’énﬁbei%ff) m"" |

. This report was. pt;paxcd b‘ 4 uommxttcc oi benate ;hargod klth
g;nc:atzng a rgﬁponsc to .the AADL Consultants' report o- doctoral studies in
Met alluxkxxal and vaterials: Lngs ﬂtkilnb.f S

(1} The Ccﬂmlttee Conpll&tntb the‘duthers on a care!ul analyrlq cf
thv metallurgical apd materials sclence arey and on a. clear statement. of.

position with- respect to the MRing ot Iron" and the “(ananxan Engincering

Mappower Council Report”. Re are inclindd 1o accept the-»ensulrantm cpxnxon

in ptcfcr(nxe 10 thOxc expxe<5£x ,n the repurtb ﬁoted ahove. e

- ( Y The prxnc1p1e re”ermcnddtxon with rcspcct ta. the Unxxerb}t} of
Western Ontarle on page A-37 1is AgcePtab13 to this Uu;»crsxt} in the following

’7¢0utcxt. It 1s toe intent.of ige facuity’ofr tnixneorlnk at the dns\crs;tv.

of Westewn Ontario, as 1t has been since tho progran was initiated in 1967

to offer -a -doctoral degree in ingincering S¢ience.. The ‘basic concept of

this program 1s thut a relatively broad spectrum of cngxneﬂrlrg subjects are
open for study and that particular cmph sis is_ placed upon interdisciplinary
subjects which tend to bridge the traditional disciplines of _
Engincering but which have 1ncrea>xng relevance in modern socxct) - In this
respect we would note thut the suthors of the report defined two aiternative
pesitiens in the discussion of ertl;dl size {see page A-22 ). Without
commiting themselves to either alternative, they, in fact, opted for the _
American positicn when they cure to Jdiscuss the University of Western dutario
since. the prxnuxpa’ rescrvation about the program is that it io of "sub—”
critical size" (page A=37;. It would be our opinion that when viewed in

tie content of an bngincering Science program with course work and rescarch
sur sort derived from cther groups in the taculty outside the immediate subject
of review that the program readily meets the criterion of critical qz::/,

{3) In the report of Civil Enginevring we commcntcd upen the
possibility (paragraph 3(c) ) that engincers who have professional quaxxfxcatxon

“who might undertake graduate study could be supported at levels higher than

those generally. prevalent in graduate schools. If it is the belief of
funding agencics that commitment on the part of Lanadian students to
enginecring graduate studies should be increascd, it is open to them to foster
this by nahking graduate study in enginecring comewhat more attractive
financially than at present,

(1) ke would like to corment on a development in the University ot
Kestern Ontario “aterials science program vhich received scant attention by
the revieaers but wiidh we brlivve to bu a uscful adjunct 1n the tra2ining |
of research students.five sut of the ten students currently enrolled in wat;ridls
scicnce group hoive establizhed centacts with indastry in such o way thuat they

spend part of their time in industry and part of thuiy time in the Uniyersity.

This practice, whivhy s hecome popular with the industries anve Ived, serves
two functions - it provides the student with much needed practical



Cely

experience in the “rcal" uorld o€ 'nlus*xy atid - also Suppleenth thc lngome
which the student may earn while ot University. This practice appears to
us to be a valuable technique in the traxnlng of graduzte studints which
‘might be n.um widely c‘\pim*cd :

we. hopc thesc commen:s arc of some. help to you., There wxli

“f0110k a LOmpTQthbl\Q sratement dealing with the. five discipline ansessment@,
-when.we have had an-opportuniiy tz adequately examine the individual reports.
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: - The., LbﬁnglﬂHs under uwhich this Jpprﬂxs¢1 was undgr alen are of .
'paxgxgul&r interest by cduse the form which this assesspent has taken fails to L
take cognizance of worl of an 1nterdxs;1p11n1r) ‘natnre which may Le deermed to be

cutside the tralition:l gevigltios of ¢ivil, etectricat, nuchapical, chemical and
ﬂ;tuiAnr&L-ai said F'Loalgls 41n€ﬁ\9 vnhlneexAnz : L\amtnitlon of the -five yeports
waich have been received reveals rather remavhable diffcrences between reports .in
spite of the. fact iyt the ¢onsultants seen to -have been given suhstantially
equivalert instructions (with. the pessible eaceptions of ncchan1ca1 and chemical .
-groups who. do.not speeifically report their terns of yeference). ‘Remarksble perhaps
are the plﬂldzvrt\iﬂfﬂuﬁts ﬂhout Yeritical sz--‘ when thc pxxutgd teras of rgference
-- contain no’ neﬂglup of crLt;cax bxge._
N y thc pzascnt assessme ntﬁhJSgbé¢n7canqctgd it sceks to deterﬂlne
wnk\b;r t%~ engineering «chools of the pyovince‘contuinttlv. individually ccrtxflnblc
traditionatl. Hrccxa’tl&s of enginecring.. I{ this was the objective eof tho assessment.
it 'was not so scated (in advance.  Not surprisingly, the large schoals with substential
groups in each of the specialties surviveg assessments of. this sort., The smiller %Lhomls‘
repﬁrdl 35 ot the quality of their eperations when judged in this particular {ran
- f retference arve found wanting in onL or more of the traditional put*al;xes.ﬂ That
_is 110t to say that the discipline is not represented in the school since it must be
to n:c*'ﬁwu:ryrdduage instructional needs but the group p*actxslnw the specialty- is
Coamall and Jous pot moect some arbitrarily defined critical size.

.07 4 wmat can a school that is faced with this diff 1(u1~> do?  Aside fronm the
_obvious dnd in general unacceptable possibility of retircing from competition the
rescarcher in the small “sub-critical® groups seehs to meet the need for interaction
~with other professioncls and to develep his own intellectual pursuits by developing
Cliwsons vithl other dmlividazls in IOIQLLJ fields. . The comnsequence is that individuals
rpth diflcront buck Luunls, information and shills address themscelves to problems
Cwliich they hove inocermaens At dts best this hiad of development can be the most
;'C&Ci'ing ) SUNEINY JO¥ (Uﬂﬁ?x?&b}-.‘_ﬁL its worst the products of the wctivity may be
nxnl'll'O: zero,  Hecever, weowould contend that eperations of this sort which stem
from o senll intecdisciplinary groups are poteiticlly of great irportonce and further-
"nzxz, ti.t the present assessoonts carried out along stereotyped lines nay not detect
Cthee s activitios aad ore likely rot suited teo the evaluation of them.

o ft will bu evident that interacticns with individuals in other disciplinary
Cospraralties, houvover dntegral to the? voseurch in hand, will npot perait the specialist
ogreun sparsely vepiesoniod on staff te neet ibhe cviterion of critical size when the
Lasnesament by carrmaed out in the framewark of tesditional dinciplines,

Tre situctions shich prx"'zi} @t ontoman vinel these difficulties of
Todsse.trenl Cre st n‘;\ily pdertifiaide Tee witn the Rloctrical and Materaals Scionoa
Cogrodo. oltiongh the provniling anterdinciplicary attitnds of faculty morhers in other
0L ST YA RN VR r;ﬁ:;;;nn Lir the vortics)l antegrity of the traditions?! rpecianlties
and o to o snoeshovenent e borpeontal intornetion: botueon apecialtics. Fneourageiont
of ti: horioontal interosticn Las been a dciocicas policy within the Yacuaty of
Eeplrocein, Stionce cnd inoa rojor deterrining factor an thedecision of the Faculty.
C1o Lres ey besinme Lo Science progromorathoy abeer progran in the treditional

BRI pritic.

c—
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'Tro {n xngcrtnv sctence (oncept

e b.,c.uc ut &‘H,.r:wf::.ﬂ St ruc ure ,:H ih.at it guntmbuua to _
xp\bsﬂltg lllbdil‘ﬂ, the lintted dimensions.of the Faculty {dngru\znqtel} 43 ¥F.FLELY,
and the ex:ntcuce ot congepial relations bas led to development of extensive inter-
action andgollc Ho.atloﬂ between groups witirn U rkﬂcultx.‘ for_91n1tar reasons it
has alio been. Puaelblﬂ to. duvclop interfoculty cesearch activiti¢s in the bxcwemxcal
area, - ollzborative activitics in both biomsdical engincering and dpnllbd physzoiony),
in Y&inxvlhitﬁ»(ds pacticipating pembers in the Centre for. Radioscignce) and in-
conputer siience (Where the . systems enginvering. Croup: hdf dc»elopcd & coliaboration). ..
The wbiding’ interest of the Faculty in envine J:?lﬂl cattors has pronotvd interaction
s:ith other parrs of-the Uniyersity which may b i\“?gtcd to béarfruit in the-future.

[t :hould be nated that inall five of thu-a'n ssent rspnTtﬁ uh; coriaents. on tic 1
caatory of the wurk in hanJ were favorablv. .

In cffcc;,. 1;cunstanccs L&\adlgta‘cd,guat a P xtxuular course of
d¢V¢30n it be follawed. (It would be our coptintion that this course has led to nuch
that is valusble and xuzthy of dovelopment., aile the route we purau“‘ha) be in- .
”ﬁ;gruarxafe to other Engincering Schools we would roquest that we be judged in this
fronewert and not o the traditional format which cuts across rather than displays
Oar 1out v;fuskav. activities,

. These z<zszJ Ly h‘ concluded iv 4 statement that as reutntl) as
Conaverter ba, 1973 and with the full hnowledge-of the vagcious consultants reporis,
Cthdtioomlty of Eagincering Scicnce veaffivmed its intent to continue to offer under-
graduate, nasters and doctoral training in Engineering Science and not in any of the

YR S R .-:.u-d-r:,mlplﬂ‘... .




FORMAL STATEMENT
_ 0f the
UNIV*R ITY OF WINDS GR
S o tke the o
RLPURT OF . ACAR - CGVSULTANTb
e . .-’FOR DOCTORAL .STUDIES.. » .
Iy MPTALLURFICAL AND MATERIALS' LNGINLFRING
’ - IN THE PROVINCE QF ONTARIOQ

fht Léépunb; of the UnlverSLty of wlndgor to the flnal
_roport of the ACAP conaultants for Metallurglcal and Materxals
ﬂnglneLrlﬂg awd thg rucomm&ndatlona contalned thereln, is
"hereln prebented in the Earm oE a general commentary on the
  phLlosoph§ and cr;terld used by the consuitants in formulatlng

thelr rcgommendatlons, follow;d b} commenta on the general

'*frecommendations and the specific recommendatlon for the

Depar tment. of Lngineering Materials at the University of

" ‘Windsor.

REPOKT'S APPARENT CRITERTA

In developing the argﬁmunts which lead ﬁo the general
-&Q dpees it rucoﬁméndatioﬁs,}thu reporst oéhsidyrn threce
Cetkeeron, ot o Lhe consultants! 10¢L.«J‘«“1L’ constitutoe Lo
yhilosgghy 4§ criteoria for the 1CLO.‘ endatinus.  These
fuactors urﬁ:

{1 Interpretation of "Metallurgical ﬂnqinugring"

.

Melallur jical onjinecering bas been subkdivided into three
princioal poarts:  oxtractive {chasical) metallurgy, matecials
scionc, and raterials engineering. Thioere i little difficulty

iy iffor o ontiatiny oxtractive peeballurgy 1rom th: afner Luo

=5 — - - .- e - - . - e e —m e e




branches which form the discipline hcru qonurjlly Kriown au

"materials®. o The former is guncf“nad prlPJri vowilth thao
vxtract ié_m af metals Lrom minerals and ores, and tl’m:\uff;:’r{;.,
vi‘x\"*;x'»:'il' - dep ndcnt o1 ciremistry and: chwmical uni;ix-h:e.itin-' })I.’OC& WG e

fouhdltoqétheruinwthcasamc:dcpartm it thh.pgf igal- &Utdllﬂi%luta
{glqsstd 4 mdturlals sgxuntl talar unqxnrvru,; tﬁe;t‘divergcnt

intcrﬁsts'hgvs”not been'an~meuutiv¢'-uhLa “forge. Wa cwicur

with £he rctprt that "it is feasible, and 3Qme£ihés by force of

lxcumstanccs 1Lcevqarlj to haﬂe Jound phlﬁlcdi metdllnrg

"matérials’enqln erlng o* materials science without any xnteructxan

with extractive mctallurqgf.

Matorials science is differentiated from materials

"unqxnunrlng on the general Gd"hﬁﬂfl”ﬂ that thn central theme of

materials science 1is thc lplauiqx sl bLtWPQ “tructu*c dnd
cresarticos, and in therefore concerned principally with solid- .

state physics and solid-statce chemistry, while materials

Cenginesring deals with solving specific problems and utilizoes the

Lo . - . . e o : s LR - e . D S ey ea ..

USSR SN G & SR JER TG S T R AN S SIS S Aiirar Wil taetelhiedaan ey ADat
- L

. S S g R T B PP e : . a e Do 1, Cenl

Coy doy L oy b ioomMde pdaslior Lovedar, 1L LWL LTDNragollalie and

unsound to sitempt any strict ciassification of materials cesearch

octs aceording to the science or engincering content. 1t 1s

c )

L
irpoosible in many researci projects to dutermine whare scionoe
loaves and enginecring enters or vice versa.  Thus, as a general

role, there ia no ji4ctification to proclude a naterialg SCionce or

P

abtori tla ongineering departront rron o Lodoertoiing o pavrtesalar

Thc'repnrt drgueg_that althou n;uﬁtr&ctivn mrfdllJYQths are oftunfff'

AR




sgeaneral 1 ﬂws sf mat;r;al scxgngc and matcr1414 cngxn;;xlnq,

or enu npnrlﬂg content.

AR

'mdt Ldlﬁ zugwarch project on the basis of the supposed content .-

n‘a

: .;‘ FORV L4 GFeiyg Ineering.

| pv’anahur with‘the rupért“s difﬁ ntlatlcn betw;;n Lbe

howvevoer, we dﬂld it to be lﬂOrJLtlLJle, 1m90581b1 and

H_dgtr*npnﬁzl to attcmgg ank strlut clasaxflcatlcn OE Qp é fié

rﬂkaxf*h;&;oblpna OF qrd&qug LO“IS;& accordlﬁg to tﬁelr sc;encc

- - .

“12} The buppl} and Demand Ecr Mangcwcx

The report has performﬂd an inva luable service to the

pfoféssien and country in its clear and well substantiated

‘refutation of future PhD manpower supply and demand as projected

':;n the Ring of Iron and the Canadian Eugineering Manpower

Council repoft.. We concur with the rgport S recommendatxon that

~"the fiqures for anticipated gemand in 1974-75 for PhP's in

ontaric in "mining, metallurgy and materials®™ bo at lca“” double

those given in Table 58 of the report of the Canadian Engineering

HManpower Coupcil, July 1973, and the tqfqnts for the total PhD

Attt popalation in these discipoines be adjusted accordingls"”
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‘w‘al 30 consur w;tn thc rutht Lngt uYfOrtS.tQ.ﬁCCrﬁit¢

) lJ[ﬂ;&“g‘{JDthltH1gff e ol thi‘nw.J {:vm Lir* qzaduatgd ‘oF

Cunadian uelerriradiate 3 10 r4“; “qn?d bL Monflnucd and

in_-'tg_n,__;_;f__;.;-',};i*._‘_;' e .,tlu_n..i.,,pah.-tu f‘dnddiun x;raduat qtudenta |

LER anuouyato to dttfd £ a s ficiont numh;r and should b@

iﬂCTQdﬁxm‘ x’batdztxall"‘" oo J“’”f.fi T e R e
V3 Tho.mualitywoi the LdULJLLundl thulinnuu.

:Tﬁﬁ f?port>i; cicarl” bx4v>d Ln tavor of thg Amerlcaﬁ
-wﬁ?ﬁfu# JJ‘QQmpﬁtwd té.théhnritish'syStQm for graduate studleb
‘gh; rc5§4kch, [ cdhsidezdﬁié vnphasL is ﬁlaced on formal
héduva Qorh. In thé Britiéh sgstem; the graduate program i$
coentored aroand the tﬁusis; anu formal courses play a relatively
t;” t£Jll role.  In tavoring the American system over the British
;éarctilizw: the inuvitqblu ¢grallqry.§h3t only lérgé departments
oo pravide o oaent range of formal courses from which the student
courses whion it his particular needs. However,

tho report cdues not attempt to define the term "critical size®

e

coymasmat b et disensaing thie number of faculty moembors
1l Ty T,
st e tewert clearl tavors tiwe Anerican syston
t “ B §
Cril . ot Lureitant tarse doepartnwents, it npoevertholess admits

Chat Mmoo Lt oas corralation wt.ists becwesn the performances and
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L1 witeh they were
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Clucates™.  Tils adinission cannot be pansei ever teo lightly,

L .rwe Lhe anuwer Yo the quostion of




el

eauto: tho arqument that thg \me:iqén y"tem‘is superiorf

Calld o bc’prgicrrcd e gruundlcss.' Havan fallud to provxde

any ducumuntod ‘VlanCL in uuppcrt of thg superlorlty of th;

Amorican ystem, th; rvport thun mahea thc dogmat;c asaertxon

_tﬁﬁﬁ'“d‘qraduatu program sheuld “Le 3udqud by thu quallty and

rxngu ot opportunxtics 1t cffer—”tofthe”student@“not*by theﬁ““'f”

11uvumgnts cﬁ OLCdbhOﬂ&l cntbtandxng 1nuxv1duals who may have

anL through the procbgs in ‘the pa t", and SO very detly

_cxruumvents the onus of expla;nxng how some’ "occasional out-

standlng 1nd1v1duals" obtalned the;r graduatc tralnlng at
shgllur institutioné.

The emphasis of the report on the virtues of bigness
#hould not come as a surprise since two members on the committee

of consuitants, of which one is the chairman, are faculty

.members of one of the largest postgraduate institutions in the

Laited States, whose metallurgy faculty alone almost equals the
total enginecring faculty at the University of windcor. The
wilgus accomplishnents ob the smaller graduate schools in

pdr i are opatter o publis rocord, and thoro 1o no intention

LLoCCCsLly Lo prosent a derence on thelr beaalt in this

Ve roegect the general bics of the rorors towards tho

APV TEIAT OTIEST W UG Eonesditunt proferonse for PhD proqgrams

Lo larger institutions, insofar ac this Lias anhd praforanar

Titla bo recrognize the unigue wvactases and accomplichnencs
R r— B it e IE R
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T e taiter o ad materialg scicnce and engineering.  However,

L PRTRE I I S PR SIS VTR TS TR 8 xLl(ul Lis: L "most of the neeessary

mrrtm i o s 4 e ke me T v ee— ——

foerctantiall increace in the output of Phd's should be {rom

S T o B DR S 3 C) R T O e ive: pororams in wmaterials engineering

;&"

can vyl et o r bty SRR 1t docs not explicitly direct

_ h_,\ i_"‘:L:_:_-;.«_;x‘_’__.';w-:zz:. CoInTre e b the gupply trom
i RN _______’._":_' ':“_ §it_~ fllt ll)sl 3.
, .
;~ U RS DR A S O o ST § S
,,,,,,,,, o T s et Laloorolbty ol wlndaes, the report
. Dot mlo Ll damncallon ol tho gradaate
y teoo e Tl L tmrimoe ring dInto Chre. divisionss:
. G il e il e LUASLDG i, and i P riesws
' oo tioral, partrealaris oan taat at
: ' . - s P Lz. ! L $ L 1;" choYiymy eyt He lti’.i-}Lc
- - . - <, - s PO R , |\£ *‘(“‘ S Pt 1‘1#‘\\_
o .
ERIC"



d;v*xglanry Lnt;ractxon xn thg £dculty*: Thé~ﬁh§ineerihq;
Fagult} undertook thg rcorganx ation to rat;cndllze the nany
and. varigd grdduatc CO&fbeb offcr;d ln thn Faculty of
nngxncgrrnggz he departments now! effcr thulr respectlvé

graduatg courses undtr the admxnlst'atl 'control of a.

pa*txcular d;Vlsxon, to whlch the de artm nts have 1mput thrcugh

thexr faculty m;mbers.‘ The prxncxp.l functxon of the dxvxsmonal

btructure is to mxn1m12g duplxcatlon coordlnating and
’combxn;ng similar courses offcreu by wo or more departments,"”
Whlch then become the core cou#ées or the lelSlon, A student
mlS requxred to take a minimum ngmber of core courses ﬁlus a
number of more spécialiééd courses téquiféd for his ééftiéﬁlér
*néeds. The student is still under the jurisdiction of a
ﬂ pafticulaf~dcpdrtmént,‘and-the dégree~is‘granted~through-the
>départméht. Thus the departments have ﬁot lost their identities
as ﬂignt be inferred from the ﬁfatcmant in the report that “the
PhD pregram in engineering materxals has been abSOrbed by the
new divisional structure”

T r;gu:t ACHNOWiedyey th;ixood researc: productivity ol
the faculty mombers ih the departmépt based on the current :aﬁe
of output 0f papers in refereed jougnals, and preoedicts they will
naxke an exéellent contribution to tﬁe research program in the
ﬁgw di?iéional structure. The tupott then spoecitically
fééémmends and uncoufa Ges prca;nt vlforts to lnLLBrJth the

gradudte program within the divisional structurce.  Woe lnterpret
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tht above‘comments sgd}fecé%wéﬁdstxéné téibéinn ackno#lédg;nant
of the hlqh quallty and pIOduuthltv of the DhD program ln the N
dpparément, and an LYPllClt ulrQLthD tor 1t° ccntxnuatlon
w;thln the faculty-lntegrated lelSlonal structure.”3 ; -

The Department of Enqineerlnq Matcrxals of the dnlverstty 

- of wlndsor currantlv offers. and shall contlnue to offer, 1ts ’

Php proqram in enqlneerlng materxals throuqh the facul§y~

1nteqrated~dlv191onal-structure1 \The 1nteqratlon of.the

,graduate Erogram into the a1v1510na1 structure provxdes the

graduate student in englneerlng materlals a comprehen51ve range

of applled science and englneerzgggcourses. The Department is

well equlpped in laboratorx;fac1lxt1es and supporting technical

'per sonnel for research in the physlgal-mechanlcal and

‘proceSSLng fields of materials at the PhD level, which it has

v>ry succbsqfullv done in the past as cvilenced by the

Department's publication record and past output of PhD's.

<&
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Procadure for Hetallursical Enginaering Doetoral Planning Assessmenr

| “.j conducted by ACAP in co~operation with CODE

Tasks Requested fr@ﬁ Discipline Group (with help available fromlACAP at all
stapges)

A.i._ Heet with represencatives of ACA? and CODE anﬂ discuss the specialty f1elds L
£ assigned to this assessment.  An initial meeting of the five engineering .
L © .. diseipline groups may prove desirable. The field allocations. may be altered

by -ACAP as-a result of these discussions and CODE comment.
R A.i.*fSuggest a panel of suitable cansultan:s from which ACAP may cboose. ACA?‘_. o
S S will refer :he lis: to CODE fur comment before acting. . '

?ﬁ”i“ A;3;~ Examine and comment on pro formae to be used for :he sacheting of 1nfcrmation

Sen current, past snd fu:ure programmes.as described in paragraph B. 1.1.,‘_”‘ L

.pé;é.'lsxamine and comment to ACAP on the adeqnacy of the data collected on

* ¢urrent and past strength. CODE will also be asked}te comment,on the data . )

vreliability‘

e RS Both {n cons&ltation with ACAP/CODE representatives and seﬁarately, consider- -
“-" . . the situation revealed by the tabulation of proposed future programmes and

+ consider whether future plans should be modifted or deveiopedAin more

. detail. As a result of this step, individual universities may wish to
- revise the material described in B.1l.d below. . .. -

i AiBe . Possibly develop a teatative plan for development of established or new
I - doctoral vork in Ontarie paying attention to adequate coverage of fields
- and specialties. Any such plans will be reported to ACAP wvhich will
. transmit them to the consultants and to CODE.
. Av7s For this assessment, the diseipline group shall consist of a member of
e each of the bepartments of Metallurgical Engineerirg. that member being the

chairman unless the chairman delegates this responsibility to a colleague

- -on B permanent basis..

7

Information from Univerqities

;:L;B.i. _Each university is acked to supply to ACAP, in the form indicated by
. ACAP after comment by CODE and by the discipline group (paragraph.A 3.).

i
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(i)

(i11)

PR

1

N 0%

(vi)

Tl e)

o (ig)

o

(11)

(iv)

informatien as follaws.

e) for each specialty field dete:mined in A 1,

current list of faculty members shewing fraction of research
and graduate instruction time devoted to the field (for part--
time professors show the time spént on university duties),-

numhers of. full-time and part—time faeulty members for each

;ef the past five years,l_

for the current year and preceding five years, number of

‘(1) master‘s and (2) Ph.D. candidates and (3) post-doetoral

- ﬂ_fellows doing reseatch in the field full and part-time
“,;_shown separately. 1.;f: : _ ,

o Under these three headings one individual may appear under mo:e than one
- - categor?‘wﬂgmﬁ_lwe_-‘

EP S P

b) for each “department" which offers doctoral work in the fields of B
, this assessment ST AR RN . :
Curricula Vitarum of each faculty mEmher (Assistant Professotsf

and higher) ‘showifg inter alia complete publication lists,

research funding in the past five years, and gradyate students - |

“and. posé*doctoral fellows supervised during his careet,-and‘
specialization.- - - L

resources of space - a statement indicating the department s

- view of the adequacy of its space, and, in connéction with.

the future plans in (d) below, discussing future space
provision;

nunber of Baehelers gre&uatee in ﬁetallutgical engineefing ana
number of qualifying or make-up students each year for the
last five years; CTea

other general items relevant to research and gtaduate study,
“a} major laboratories and equipment, over $5,000
b), eomputing facilities;

support from related departments including shared teaehing and

resedrch;

description of any inter-university arrangemeats for graduate
work. : -

table of cﬁeteEterieties of greduete etudents in the department in
previous five years, separately for Master's and Ph.D., breaking

down numbets by.‘

(1)

N (1)
T (i)
(iv)

Full-time and Part-time;
iﬁﬁigraticn Status-(3 years) and country of first degree;

sources of finmancial support;

‘time to reach degree;
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. B.3.

.,

| cvmsibiuciel Lwpaied by dtem B.1.d.

b ~ £t
gy :
| (V)-“drqp-qu; nymber; -
| (vi? degrees grdntg&;‘ . L (
~ (vii) post graduate employment of Ph.D.'s B
@) dmmediate and . o - e
- b) after two years., = o EP T
d) propdscd}pléﬁé-fori;hg.fucureféf.doétoral work, in as much detail as '  {

the department can provide, including the proposed scheme for support. -

of thesc plans, and accompanied by supporting arguments, including

.. cousideration of the sources of doctoral students and an analysis of - =
- demand for graudates from the programmes as indicated by .previcus - - - .
placement. experience. The variocus headings in a) and b) above o )
" 'should be dcalt with quantitatively where possible; as ‘a minimum, S
‘planned nunbers -of faculty and doctoral students should be given, ' - B
- If part—time doctoral work is contemplated, please discuss in detasl, :

P : . S . E ) : : o e 3
- . o Lol [N [ - R . [ = o Lo . [ o~ - . - - - er .. %

N

. The material‘sosupplicd will be collated by’ ACAP and transmitted to the
 discipline group for action indicated in paragraphs A.4,, A.5 and A6y -

-Apart from the material deseribed in B.1l.d. and ‘to some. extent generated at' = . °

- the department level,“each interested university will be requested to make

. 8w individual statement on its plans for-the development of :doctoral R
_work in these ficlds of enpineering, in particular the items of future

«Tefﬁhjdf Reference of Coasultants

““Conslder the two special documents related to the coordination of the assess~ ' :
7J_mgn;s in Engineering, viz. Engineering Ph.D. Platining and Asgessﬁent;Procedures,f’ ’
~Statement on Ph.D. Studies-in Fngincering 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 COU statement .thereon, and the. CODE, OCGS and

o APEO responses. They may obtain data and views from any relevant sosrce, such

.as, for example, employers of holders of graduate degrees, professional and
learned socicties, federal agencies. The, campus of each interested university

- shall be visited by at least &wo .consultants. Comsultants shall arrange. their . ;;

; c.é,

~schedule of visits to the universities in consultation with ACAP to emsure

uniformity.  Reports of appraisal consultants are privileged documents and are
not to be made availalile to ACAP consultants. Consultants shall meet with the

- discipline group ncar the beginning of the work, during the work as. they consider -

" necessary, and. immediately before preparing their final report. 3
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: : : =
j_a. coverage of {lelds and speeinlties, and extent of activity in each .
D. fécuity quality and quantity ;i

¢. nature of progrinmes of fered

;j:d.} éniulméut size and distribution amongst un}vg:si}lcs-and‘divisioqs
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be c194r; this is cspe cxally in nurtant for items c. and d.

p-4

e. quality of student body; 7admxssion requiremcnts

£, rclationshxp to relatcd disciplines and to the profession

g,-gph) deal faexlitxes

~ h. othor matters considercvd by the consultants to be significant.

AT fﬂ.w;vcnd4ﬁxux¢ far the developrent of ductoral vork in ficlds of

- this asscessoent in tatario hér\gen 1973 and 1978, tuking into consideration

Cosnch p L g wer be developed by the Disciptine Groap,. and,; without- limxting
the Quﬂvfdiil\ of thd fuzc:axwr, dvalin* vith the {olluwxng yn!uts

a.' B‘serble d{c{«r!! prn*rxrﬂte to hg nffered in the provfnro cons idcrzng

‘both possible Timitations or reductions of existing propranmes and
ereation of wow proprasmies and new kinds of progrummés including.

the appronriaston =5 of rart-time programmes. In particular, consider
if there should or s=hould net be pore activity iun fields now rroducinge
few graduates in Onsorio and also the desirability of developing furtior

applmcatxoa orionted and in: ter-disciplinary work: - . industrial involvement.

‘b, De%irablu provincial enroln ments, year by year, in t!e doctoral study
in metallurgical engineering and in the major subject . ivisions where
appropriate.  Oae shoild consider the need for highly tralned manpower
and also the yeneral cultural and socictal factor: .hich nay lead students
to pursue doctoeral work in engineering,  In considering manpower needs,
onc should talie account of the "market™ available to. graduates (at
least all of Carada) and oi other sources of sunply for tAdt market.
Requltv of forccasts of high level manpower emplovment should be treated
Wil aue eaution ana only in a cleariy valanced rﬂlationship vith
cultural and societal nceds.

c. Blbtrxbutzon amcngst the universities of rcsponsibility for programmv
and for qﬂuClaltlcs where appropriate, including consideration-eof the
need for any Ircrease or decrease in the number of departments nfferzn"
doctoral worlk and including consideration of arcas of ecollaboration

and sharing of {acilitics at regional level and across the province.
Conaider technicues for involvemait in doctoral supervision of -
professors in departments which do not take docteral students in

their. fields, ard the extent to which such activity is desirahla.

?. Pistribution of carolment amongst the unxversit1eq, showing desxrable-
ranges of enrolment.

In all cancz, it is important that the ra'ionale for the recouncndatlons

~

It is permissible for consultdnt& to rcconnend ~appraisals of individual
prograzmes.  This would arise if consultants were to suspect that a
prograrsie would be found to be wholly or in part below minimum accrptable.
standards; and -appraisal by the Appraisals Committee is the mecans of
settline the question. Tt is recoepnired that this action would be
infiyogueat.s In carrying out p AaNing as isvessment s

in some disciplines, consultants find there to be an oxcess or deficioney

of pregram~cs in a given arcea of study, where all of the cxisting programaes
could puss an appraisal, they may, subject to their own judpgments of relative
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quality and of other fa;tors (a task outside the terms of reference of the
Appraisals Committee), recommend where enrolment should he changed in
accordande with the possibilities indicated in section €3 (c).

Anpoin t wt of Cons ultants‘
ik

The COHQUltGRLQ shall {rnclude one person ef wide academic experience 4n Canada -
but in a different discipline. The other twe consultants shall be -engincers of
fnternational standing, oith suitable administrative and/or teaching experience,

and with expertise in some of the ficlds assigned to the metallurgical engineering
asscesgooent.

Rl“iil_‘!'t of Conrultants

The consultants subzit a joint report to ACAP (tentative date of September 1973),
Minority rvperts are, of course, possible. The reasoning leading to their
recormendations should be viven fully, in view of the subsequent treatment of

the repert, The repert s subnitted for cemment to CODE, to the discipline groun .
and to cach interested university. ‘There may be informal or interim exchanges )
of vicus amongst the discipline group, the universities, CODE and ACAP. Any
university vhich wishes to make a formal statement to COU on the consultants’

report shall submit it to ACAP. Any such report shall be transmitted to CODE

" and to tko diccipline groun. The discipline group shall submit its formal comments

and/er recormendations to ACAP and CODE. CODE submits to ACAP its recérmendations

to COU. ACADP considers the CODE, discipline group and university statements along.
with the consultants' rerort and transmits them to COU with its recommendations of the
position COU chould adent. Cories of the material trancnitted to COU will bhe

supplicd to CODI, to CCGS, to the members of the discipline group and to the inter-
ested universities, CODE, OCCS and the universities are thus enabled to prepare

for dircect conent to a CCU meeting. The consultants' report may be published
together with the comments of CODE, the discinline group and those of any univer-

sity o requesting, and with the positxon adopted by COU.




Amended November 29, 1972,
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Engineering Ph.D. Planning and
Assessment Procedures
Conrdinating Task Force, Séptember 25, 1972
Tﬁe doctoral‘aSSuqqments in Engineering are beihg 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 to in section Cl1 of

the Terms of Reference for the Consultants.
All "departments" of each Fngineering Faculty shall prapare a statement
presenting their current and proposed Ph.D. activities including:

(a) areas of research and study

(b) educational goals and style

(¢} 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 engincering 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 submissfon in January and
the discipline groups should be active in thefr planning function
throughout this peried.

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
cnrolments.  Reports will be distributed as above, by the end of
February 1973.

Each University may modify the above statements in the light of the

above and in consultation with the Discipline Groups and other Universitics
as appropusiate.  Subsequently the Discipline Groups will finalize their
reports, which are due to ACAP by April 15, I973.

b

These statements and reports, along with the repular ACAP assessment data
(to be prepared during the above process, perhaps with CODE "data bank"
collaboration) shall form the data base for the assessment teams. Failure
to meet deadlines will not be allowed to delay proceedings.
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5. The Conrdinatixé;;hsk Force will review the detailed terms of reference
to be given to the consultant teams, particularly in the educational
profussional areas. This is scheduled for completion by September 30,

6. 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, : ‘

7. CODE, with assistance from COU and utilizing cutside expertise as needed,
shall fmplement a special study of the ineering manpower situation at
the Ph.D. level., This study should be i ilable for consideration by
ACAP, the Discipline Groups and the comcultants prior to the drafting of
final reports and responses. Reports on the progress of this study shall
be reviewed by the Cuordinating Task Force: the first report shall be due
by the end of 1972, - - : :

8. The formal assgssment and consultatiVe 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 Engincering which the Task Force considers distinctive enougth to
merit particular consideration py tne consultants. raucational, prores-~
sional and rescarch concerns will be emphasized. Briefings and dis=-
cussions with ACAP and the appropriate Discipline Croup 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. )

2. 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 repeort by September 1, 1973.

10. The draft reports will be made avallable to the Engisecering Deans and to
the Discipline Groups to provide for initial fcedback to tke consultants.
There will be oral response from the Discipline Groups te. the consultants.
Following rhis the consultants will draft their final reports ahich will
be followed by official responses from the above groups and finally by
consideration by COU. (The ahove is intended to make clear that while
feedhack to the consultants from the Discipline Groups is desired and
expected, the draft reports are not to be distributed for open discussions
within departments,)
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APPENDIX E

DISCIPLINE GROUP MEMBERSHIP

- McMASTER =~ G.R. Piercy
QUEEN'S - W.B. Mackay
TORONTO - C.B. Alcock
WATERLOO - } P. Niessen
WESTERN - % ~J.D. Brown

*WINDSOR - ; W.V. Youdelis

—

*Chairman
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Ontario Comcil on Graduate Studies

b . by

8y~Law No. 3 \

A By«Law to establtsh a Commictee on the Academic Planniqfkof Graduate Scudies.

L]

o 1 The Un:ario Council on Craduate Studies, rerognizing the importance of providing

'; for the conttnued and orderly development of. g:aduate studies in the Outario
universities. es:ahlishes a Standing Committee to be known as the Advisory

(ommittee on Academic Planning (abbreviation - ACAP),

.Intgrpretatiou

‘In this By-law,
(a) YCommittee'" without furthet specifica:ion. means the Advisory Committee on

Academic Planning}

(b) "Council” or OCGS means the Ontﬁrio Council on Craduate Studies:
(c)""Ccmmittee of Presidents" or CPUD means the COmmitteeAéf Presidents of
Universities of Ontario;
u;(d) university means a provincially assisted university in 6ntario,

{e) "discipline" means any branch or combination of branches of learning so

designated; R

. N

(f)ﬂ “discipline group" means a bdﬂy designaced as such by the Committee of
Presidents of the Univercities of Ontario, and normally consisting, for

any one discipline, of one representative ‘rom each of the interested

universities;
- -
(g) "planning assessmen;" means a formal review of current and projected

graduate programmes within a discipline or a group of disciplines;
.(ﬁ). "programme" signifies all aspects of a particular graduate undertaking:;

(i) ("fationalizacion“ means the arranging of graduate programmes in order to
N . o
avéid undesirable duplication, eliminate waste, and enhance and sustain
/” .

quality.




"f ﬁ§ﬁbérsﬁip
}. l(a) The Committee shall consist of at least seven members of tie professoriate
in untario universitieé, some of whom shall be members of the Coun?il
(bi The members of the Committee shall serve for such periads of time as the
Council may determine, and they .shall be selected in such Qanner as may
>pr0vidu for reasonable balance both of academic disciplineq and of
aniversities. i |
(¢} The members of the Committee shall be appoin;ed as individuals,
ﬁhﬁirmaﬁ
4. The chairman of the Committee ;gall be 6amed.£y the Council, and he shall have
drie vote.
Quorum
S. A majority of all members of the Cqmmittée shall constitute a quorum.
Funciions
é; The functions of the committee shall be
(a) To advise OCGS on steps to be taken to implement effective provincial
planning of gréﬁuate developmeﬁtg
(b) To promote thelrntionalization uf’gradu#:e scudiés within the universities,
in cooperation with the discipline groups;: |
(¢} To recommend, through OCGS, to CPUO the carrying ngt of planning assessments
of disciplines or groups of disciplines and to recommeﬁd suitable arrangements
and procedures for each assessment:- .
(d) To supervise the conduct of each planning assessment approved by CPUO;
.{¢) To respond to requests by CPU0 to have a discipline assessment conducted
by propos’ing suitable-érrangements;

(f)  To submit to CPUO 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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‘F: Jurisdiction

Sy,

e

7. In order that the Committée may discharge the functions described in Section 6

- above, it shall be authorized ' \

tal)

(D)

{)

(d)

(h)
(i)
(1)

Procedures

the Committee to discharge its functions; e

i
\ . Y
to request a university to provide such information pertaining to graduate

studies aé may enable the Committee ta'discharge its functidns;
to-request a discipline group to provide such infofmation as may enable’

;
to receive reports from the uﬁiversities and from the §iscipliﬁé groups,
and to comment and communicate with the univefsities and the discipline
gréups concerning such reports;
to conveﬁe a meeting of any qiscipline group for the purpose of discussing
the devélopmént to date, and proposals for the fﬁture developmenf of-
gfaduaté studies in the é!sﬁipline concérned;

to send one or more fepresencatives to a meeting of a discipline group

~at the invitation of the discipline group;

to make such suggestions to a.discipline group-as'may be deemed appropriate
to the functicns of the Committee:

to supervise the codduét of ﬁlanning assessments, and to report.thereon
to the Committee of P%esidents of Universities of Ontario;

generally to report and to make recommendations to the Council;

té seek and receive advice from appropriéte experts;

to employ consultants in connection with planning assessments;

8.  The procedure to be failowed by the Committce shall be as approved by the-

Committee of Presidents of the Universities of Ontario.

9; The Committee's function is solely advisory.

‘Efféctive Dat e

10. This By-Law shall take effect January 1971.
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‘;jn.' JWhen it is considered desirable to activate planning of graduate work in some
: discipline(s) or interdisciplinary area, COU, on the advice of 0CGs, will
L authorize the establishment of an ACAP discipline group, if it was. not already
" “approved and included in the May, 1968 1ist. If it is already authorized,
- ACAF may decide to szt it upkas described in paragraph b.

b, The Executive Vice-Chairman of ACAP will then invite the executive head of each
- university (including Waterloo Lutheran University) either to nominate a member
of the discipline group or to indicate that his university has no plans for
graduate study in this discipline in the next five years or so. If a university
---Qan state ne plans for future graduate work in the subject, but feels that a
watching hrief is desirable, it may appoint an observer to the group.

- ¢. Changes of a university's representative are to be notified by the executive head.
d.  The group shall select its own chairman.

~ 2, Meetings

2. A discipline group may meéet at the call of its chairman or in accord with its own
arrangements, ' '

YA disciplinc‘group may bhe called to meet by the Executive Vice-Chairman acting
for ACAP. : -

+ 3. Responsihilities

as The group is to heep under review the plans for gradvate work in its discipline ~
in ontario, including new developments and trends in the discipline, and to make
reports to ACAP om a regular basis. '

b, The group may make recommendations to ACAP in cofnection with graduate work in
' its discipline when it considers it appropriate.

Co ACAP will assist the group in obtaining information and data, as mutually agreed.

d. “hen COU has [nstructed ACAP to conduct a planning assessment, the discipl}ne
group will assist and advise ACAP in determining procedures and terms of reference,
~will report as requested and will generally facilitate the ansessment.

{

Appioved by 0OCGS March 22, 1973
Candg by COU april 6, 1973,

ey
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JOHN J. JONAS

}~Sorn Montreal, Quebec, December 8, 1932

 B.Eng., McGill, 1954
Ph.D., Cambridge, 1960

Stéél Caﬁ‘hny of Wales, 195&-55

: %&Gill University, Assistant Professeor, 1960-65
"  Associate Professor, 1965-73 .
Associate Dean, Faculty of Graduate Studies 19?1-
Professor, 1973-

- Member, American Society for Metals
- Mewber, American Institute of Metallurgical Engineers
Member, Institute of Metals (U.K.)

Vigiting Lecturer, University of Sheffield 1968
Visiting Professor, Chalk River Nuclear Laboracories. 1871
National Research Council Exchange Scientist, U.S.S. R., 1973 (Summer)

Mechanical metallurgy; elevated temperature deforma:ion of metals and
crystalline materials; dynamic recovery during hot compression and extrusion:
substructure formation and stress-strain ra:e—temperature relationships during
hot working

Address: Department of MeCallurgical Engineering
McGill University
P.0. Box 6070
Montreal 101,
uebec,

-

~%
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THOMAS B, KING - \

Born Scotland, April 27, 1923

B.Sc., Glasgow, 14945
Ph.D., Glasgow, 1950 -

- Clyde Alloy Steel Company, Rusecarch Metallurgist, 1945-47
University of Stgachclyde, Lecturer, 1949-53
Massachusetts Institute of Technolegy, Assistant Professor, 1953-57
Assoclate Professor, 1957-61
Professor, 1961~
Head of Department, 1962-1972

'&

Member, American Society for Metals
Fellow, American Academy of Arts and Sciences
Member, American Institute of Mining, Metallurgical aad Petroleum
' Engineers (Director, 1964) '

. Metallurgical thermodynamichd and kinetics

~ -

Address: Department of Metallurgy and Materials Scienc
Room 8-106 d i
Massachusetts -Institute of Technology,
Cambridge, Massachusetts
02139. :

L =)
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W. BENNETT LEWIS

Born Cumherland England June 24, 1908

“ffB A,, Cambridge, 1930
' M.A., Cambridge, 193
"Ph.D;, Cambridge, 1934

TR ﬁonorary Degrees: '
".DSc.. Queen's, 1960, University of'Saskatchewan, 196&, Mcﬂaster, 1965

Dartmouth 1967, McGill, 1969

hY

s

L. L D.. Dalhousie, 1960, Carleton, 1962, Trent, 1968, University of Torento, 19?2

Universigy of Cambridde, Demonstrator, 1935-37 \

¢

Lecturer, 1937-39 \

British Ministry of Afrcraft Production, Telecommunicatiqgs Research

Establishment, 1939-46, Chief Superintendant -1945-46

National Research Council of Canada, Director, Atomic Energy Division, 1946~52;
Atomic Energy of Canada Ltd., Vice-President, Research and Development, 1946-63
Sepnior Vice~President, Science, 1963-73 :
Retired, 1973

Order of the British Empire,’ 1956
American Medal of Freedom with Silver Palms, 19&5 ‘ ‘ '_

‘Public Service of Canada, Outstanding Achievement Award, 1966

Companion of Order of Canada, 1967

Atoms for Peace Award, 1967 .
Special Gold Medal} Canadian Association of Physicist, 1970
Fellow of the Royal Society

. Fellow of the Royal Society of Canada

Member, American Physical Society :
Fellow, American NuclearySociety, Vice-President, 1960
. President, 1961-62

Radio activicy, radio; el ptrpnics, radar; radiations; nuclear reactor physics; -

- fluctuations; reactor ecgnomiés and materials;'fission gas behaviour; economics

of nuclear power; high power accelerators
-~
Address: Box 189 \
_ Deep River \
Ontario
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WALTER S, OWEN

~ Born Liverpoel, England, Hatéh 13, 1920

B. Eng., Liverpool, 1940
‘M. Eng., Liverpdol, 1942
Ph.D., Liverpool, 1950

University of Liverpool, Assistant Leecturer, 1946-48
. Lecturer, 1948-~1854 ‘
Henry Bell Wortley Professor, 1957-66

: Dean of the Faculty of Engineering, 1962-65
. Massachusetts Institute of Technology, Research Staff, 1954-57

Cornell University, Thomas R. Briggs Professor, 1966-70

Sorthwestern University, Dean, Technological Institute, 1970-71:
‘ Vice President, Science and Research, 1971-73

Massachusetts Institute of Technolegy, Professor and Head of Department

of Metallurgy and Materials Science,1973~

Trustee, Amcrican Society for Metals
Member, American Institute Mining, Metallurgical and Petroleum Engineers
“Member, British Institute of Metallurgy
Member, Iron and Steel Instftute of Japan
Member, American Society for Engineering Education

Physical metallurgy of steel; deformation and fracture of solids;
martensitic transformations.

‘Address: Department of Metallurgy and Materials Science
Room 8-309
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139
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COMMITTEE OF ONTARLO DEANS OF ENGINEERING

RESPONSE TO ENGINEERING PhD ASSESSMENTS

 Preamble

B Individual :eports of PhD Assessments.have already been . received by
discipline groups and by individual universities. Both bodies will
‘undoubtedly make detailed commentary on the specific reports which are
of direct concern or interest. In'view of this, CODE has decided to-.

- forego comment on such specifics, and has determined to refer only to those
matters of a more general nature vwhich affect the universities collectively.
In choosing to frame its respomse in unitary fashion, CODE wishes, at the

. putset, 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 disciplipnes within a faculty, and
indeed between faculties, will recur later in the report in subsequent
discussions. :

Of the ten topics on which CODE sets out its 'responses', three are
considered to be of primary importance - msnpower, quality, and critical
size. Consequently, they have been covered in somewhat greater detail
than have other topics of interest, im order to provide 1den:ification 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 guality are undoubtedly staff, students, programmes and facilities. It
s 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 excellemce, 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 o
with respect to the PhD manpower situation. It appedars clear that the
supply of PhD candidates will be limited by the availability of ‘high quality
entrants. The relativcly small numbers of Canadian giaduates entering
PhD programmes is a cause for concern.  If Canada i{s to advance 1ndustrially, e
- it would be expected that there would be an increasing demand foxr high=-
technology support. An under-supply of PhD graduates in engfipeering would
not be in the best interest of society. There is clearly no evidence of any



~employment of engineering PhD's towards industry.
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over-supply becausc of the way englneering graduates at all levels are:
seen to diffuse widely through industry, commerce and -government ; there

-dppedrs no prospect of this becoming a problem in the future.

- CODE reallzes the importance of maintaining up-to~date knuﬂledge :
of positions taken by the PhD graduates of, the oOntario Engineering schools
and intends to ensure that such information is updated annually. A copy

 of a recent survey is included as part of this response; It will be

noted from this survey that there has been a shift in the area aof

In the light nf.the_conéulcantsﬁ énalyses, and of the appended data,

there 18 no need for quotas or ceilings on doctoral students. CODE will
- continue to report on the number and origins of doctoral students in the

various engineering schools, on an annual basis.

Quality Emphasis

(a) Admission

CODE is pleased to note that the consuICants have agreed that high
admission standards to engineering doctoral programmes generglly '
prevail,

Cobk, therefore, suppurts the contention that existing minimum
entrance standards to PhD programmes should be maintained across the
Province. CODE believes that a post facto analysis of admission
practices, widely publicized, will be adequate to ensure this
objective.

In application of these standards, it must also be acknowledged that
certain defensible exceptions will occur with respect to those with
known special abilities or those who have demonstrated superior
ability in research, design and innovation in their post-baccalaureate
experience.

CODE fully supports the view of the electrical consultants that it is
“in Capada'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 oversce negotiated development grants and the formation of
centres of excellence. These are matters better left outside the
Jurisdiction of such a body as CODE,

() Undcggraduate/craduatc Programme Relationship

CUDL supports the contention that the contlinued 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 practice by
members of the faculty., The research activity, in the prevalling
‘tradicion, is most easily met through the pruvision of Master's
and PhD postgraduate programmes.

'(d) Quality Indicators

In addition to the observénce of university regulécions; énd the use
of high calibre external examiners, the observed career performance
of doctoral graduates can be used as a ‘quality indicator’.

'Criéieal-Sizé for Doctoral Programmes : : I,

-“iIn order to be viable, a PhD programme must provide a sufficient
range of interaction for the student. He must be exposed to enough facul:y
“members and enocugh 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.

Size is not .a suffi;ient criterion for judging whether a school &an
offer a PhD programme; there is no a priori reason why a small schoel
cannot provide as satisfactory an environment for the student as can a
large school. - f

Engineering in the Wider Context | L " . ﬂf:n : //

CODE would draw ac:antion 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 progréss 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 incregsingly advanced work in various areas will need to proceed in
a more integrated fashion and it wil! be essential to have available high
level manpower in the physical, life and social sciences, economics, and
management, for instance, together with similar capabilities in engineering.

|

Research Emphasis and Relevance

As a result of the ACAP Engineering Assessments, there is now readily -
available information about research projects underway in all the, Ontario




H-4

1 .

Engineering Schools. The system would have ptofited more had the
consultants commented in detall on this information and of fered
substantiated specific advice on the topics of emphasis and relevance.

CODE  feels thét‘Phn programmes in engineerihg‘éﬁéuld be fFlexible

‘  chough tu cover a broad range of topies. Research activities could and
.should range from mission-oriented research of an, immediate and perceived

sveial or industrial relevancé through to very fundamental or basic
- vesearch.  The overall thrust of PhD research programmes should be towards
advancing fundamental engineering knowledge required for the solution of
Present and future engineering problems. : -

CUODE also feels that a plurality of sources of research support {is

~ a relatively effective means of ensuring that 2 broad spectrum of research
activity 1s undertaken within the engineering schools. . The existence of

a variety of granting bodies, with a spectrum of interests represented,
including a significant academic component, appears to be an effective
method of control. ' '

Level of Support for Doctoral Students

CODE stfongly supports the contention that lavels of support for doctoral
students must be increased substantially if more Canadian students are to be
attracted to entering dortoral programmes in engineering.

It should be noted that foreign graduate students -have been willing to
undertake Phb studies at. ¢the levels of support available and have subsequently
filled positions within Canada. Positions have been -available for PhD's -
‘these have been filled largely by landed immigrants who have either completed
P study In Canada or who have come to Canada with a PhD.

. S _ . _
The recent increases in both the cost of - Iiving and salaries offered
by industry to engineering graduates makes it even more urgent that immediate
action be taken to increase the support for doctoral students. This is _ _
particularly true 1if post-baccalaureate experience students arc to be attracted.
Therefore, it is important that more opportunities be available for this
particular type of doctoral student in engineering.

“Part-1 lme/Non-Res tdent Work

CUDE would eéncourage continued experimentation in this regard. It is
felt that maintenance of some institutional contact is essential, however.
It is felt further that any part-time or non-resident work should normally y
be by individual arrangement. This would not, of course, preclude special
arrangement s between a rescascih institution or industry/government laboratories
and a particular university ur universities. ’

Inter-liniversity Activities and Facilitating Mechanisms

4. CUDL would support any action designed to {rcrease the effectiveness
of the provinclal resources In facultius of engineering. The holding of
discipline meetings, the sharing of cquipment, interchange of credits for
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graduate courses, collaboration between groups within various institutions
- and s0 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.,

lt is noted that inter-university activity is proceeding especially at -
“the 'grass-roots' level and this can be aided and abected by CODE. It is
- . also noted that varlous university industrial research institutes and
... similar agencies have facilitated some inter-university cooperation largely
“through use of individual expertise existing at varjous institutions.,

I'he Hole of the. PhD in Entrqgfénenrshig

' CubDE 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 {nterest in or leaning towards innovation, independent practice,
or entrepreneurship. The second depends on progressive government support

S programmes of various kinds, directed to reaching a ‘climate' competitive

with that found in other industrial economies of comparable size.

Cost-Benefit ‘of the ACAP Btudies

CODE has noted that no major measures are proposed that would greatly
enhance the quality of the PhD effort im Ontario. Indeed, CODE records its
pleasure at the broad and independent affirmation of the consultants as
to the strengths and qualities which have developed in Ontario PhD programmes.

The full programme of ACAP studies is as yet incomplete. CODE has yet
to be convinced that the extensive funds and efforts devoted to the studies
would not have been better spent in direct support of existing PhD programmes
in engineering.

ANS/dd
December 27, 1973




APPENDIX A

REPURY ON THE CODE ENGINEERING DOUTORATE EMPLOYMENT SITUATIUN, OCTOBER 1973

-

-

In November 1973, mewbers of the Committee of Deans of Edginvering
of the rovincee of Untario again sypplied data on the status of their
enpineering Phd graduates during the period November 1972 until uctober
1973,  The results are compared in table 1 with those for 1972,

Again this year, the majority of the graduates were in Chemical,
Civil, llggtrxgal and Mechanical hx*inacr1n&. The total is up substantially
to 177 frow 124 Ln 1872, :

nemplovment is up from one in 1972 to three in 1973 (appréximately
1.7 of the total).

Approximately 170 have left Cunada, which is the same as for previous
vears and is probably due to riie return of farvign students to their home
countries.

, A notable increase in eémployment in ‘industry has occurred, up to 337
from 21% in 1972. The number employeu In Canadian universiries is up to
26% from 217 in 1972, This has been .;Lompdni «d by a decrease in post-
doctoral fuilowships from 237 to 117, : - ‘

The overall conclusion is that there is still no sertous unemploym.nt
among recent Untariec Phb grdduates in Engineering despite predictions to
the contrary. In fact, a healthy trend toward:their increased utilization
in Cunadian Industry may have bLeen established!

~
N

)

-

December 13, 1973,
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APPENDIX B

Commenits on CEMC Report e

. "sypply and Demand for Enginecring Doctorates in Camada" (July 1973)

Submitted by the Committee of Untario Deans of Engineering

, Commendation of this report can be mddL in a general sense on two main
scores. Firstly, the consultants have on assignment, tackled in a
straightforward manner, what is generally acknowledged to be a most difficult

_task indeed; where qualitatively it is not possible to. assert all possible -

pﬂf&Mtthﬂ, and quantitatively, {t is not possible to obtain reliable data
on all accepted parameters. A .

Secomdly, the consultants have in their report introduced with some
care statements relating to the qualifications and limitations of the many
viements entering into their predictions, and have emphasized that this is

. only a beginning - ergc, a very preliminary report.

Wwithin this general -ontext, however, there are a number of criticisms
to be advanced.
r‘n\
‘\

1. Sugglz o=

The methodologv has been glgarly enunciut»’, and the assumptions

stated. Nonetheless, projections hawve been made on a three-level
approach (high, medium and low), establishing bounds which may well

be broken as and when certain assumptions become less or more operative.
Some indicators are alrgady 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 lst year enrolment to a
proclaimed shortage in engineers will continue to be operative.
Iliirdly, there is further indication that advanced admissions (through
the stop~outs returning, through technology araduates admissions, etc.)
are increasingly important in enrolment projections.  None of these
has been clearly taken into account in this report. A further aspect
could well be added, which is also ignored in the report, but is less
casy to define though it will contribute to the instability in prediction
of 1ist year enrolment. This relates to measuring the full impact of
ma jor educational changes cn the Canadian scene. The effect of the
CLGEP's in Quebec in parcicular, as well as of the CAAT's in Untario,
fs yet to be clearly perceived, let alone settled into a measurable |
or stable influence.
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The two data bases selected foy examination were the number of

- master's degrees and the nupller 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 thic ratic. 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 inm 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.

Ihe changing pattern in the numwber 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
immigravion was noted in the resport as one for which no data was

available ~ which ignores one fully-documented part of the system, the

Athloue Fellows.

The yrilization of the baccalaureate/doctoral ratio as a.data 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 Canadlan engineering schools vis-a-vis

their proceeding to doctoral work. GCraduates 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 ad7anced
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 overcczs degrees, particularly from
Asia. Many of these students from overseas have been or have become

‘landed immigrants, have stayed in Canada and have taken jobs as 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'so readily
absorbed into the economy at that level, and (b) the fact that the
level of financial support available for graduate study has been too
low tu make them feel that the sacrifice is worth it. For the near
future, unless the proportion of Canadian bachelor degree graduates

~ cho. sing to undertake PhD studies changes drastically, ihie numbers of
. qualified applicants coming forward will certainly decline. At the

same time as trhe graduate schools in engineering become increasingly.

well established and recognized, and as high technology factors including
fts encouragement through government policies increasingly become operatrive,
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 perhapb
overlook the possible impact of events occurrimg in other jurisdictxons.
The report suggests that the annual number of bachelor degree graduates
will fall from about 4,500 to 3,000 over the next three years, with
most of this decrease due to a falling«off in freshmen enrolments in
provinces other thau 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 engineering have fallen

_ very sharply over the last few years and this will lead to a very

substantial decrease in the number of bachelor engineering degree
graduates over the next few years. The combined CanadafU.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 studics.

1.5 A further wajor 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 mteps. Without examination of each
and every set of data used, it can nonetheless be indicated that the .
rather complex combinations of undergraduate enrolment and graduation
data from Statistics Canada, from EIC enumerations, from the "Ring
of Iron" for Ontario leave some inconsistencies. The number of bachelor's
graduations and of doctorates were obtained only to 1970-71, while the
number of master's degrees were recorded for 1971-72. In view of the
rapid build-~up in Canada of doctorate degrees (from 78 in 1965-66 to
216 in 1970-71) 1t would have seemed to be quite important to“éstablish
the 1971-72 figures before flmal 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 Untario 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 . g}ema nd

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 eriticism from the ACAP consultants
in the five enginecering fields assessed. OQur 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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Educat ional Sector

The consultants' use of a model for the estimation of future demand

in the educational sector is deceptively attractive. Esseatially,
their mndel was based on a staff-student ratioc as a base, adjusted for
retirement, mortality and migration. They concludcd that to 1977-78
(at least) the demand for engineering doctorares 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 ogr extremely minute in size,
it is difficult to read into *his other than- essentially no demand.
Even though rather elegantly derived, we find it hard to accept such

a conclusion, particularly when the Ontario system itself projects '
now a demand for about 20 fer 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 aud 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.

Government and Industry Sectors

In these sectors the coansultants 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‘narrowlv cast. In the
government area this is certainly true regarding the narrowness of
definition used. In the induscry area it includes not only that
limiting facter, but became subject to both incomplete data through
using wrong sources, and through important omissions. %o 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 i{> 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.

General
ttetal

Edurational Planning and Manpower

Whai 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

. : Lubour market for graduates of a particular speciality
’ should Influeace policy and planning In post-secondary
education {n that area."

Titis view may not be as generally accepted as one might be led to
belicve. The particular phliosuphy outiined can, taken to extremes,
result in a shortsighted and constrained view of a university. It
could well be argued that too marked a distinction has been drawn
botween what is educaticnal and what i{s vocational. Recently this
has been convincingly stated to be one of the ma jor misconceptions
iv lilgher edacation planning®. "The danger in assuming that all but
proeparation of people for specific jobs is wrung or wasteful is not
just in the shuri-sighted effort to establish a one~to-one
reiarionship between education and jobs. Rather it omits the important
fact that vocatlonally oriented education is not wasted if it is not
used in the speciffc vocation toward which it was directed. As Bowen#
stateg,. lt is. no mark of failure, rather a mark of success, that
education - cven strictly vocational education - has wide applicability
and produces flexible and versatile people”. The PhD graduate even
if be takes a vocational route initiallv 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 intellectusl

. development or problem-solving ability. It is not difficult to give
examples ‘of this “"diffusion” of PhD's through a "vocational" period
to positiuns of quite different responsibilities in industry,
governments and the unlversities. The consultants gave careful

attention at one stage in their report to this “dif fusion®” or

dispersion, referring properly to the recent University of Toronto
studv.  However, they did not then "factor" it in to either their
supply or their demand projections. In our view, significant allowance
should be made for it. on the supply side, both into the baccalaureate
stream ds well as into the doctoral stream in engineering the
vocat ional/educagional issue Is not clear-cut nor should f{t be. Un
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 managemoent
as experience acerues. The difticulty of quantifving this is well
appreciiated.  The need for including it in some definitive way demand:
eiqual appreciation.

3.2 The Supply and besand Balance

The report in its final resalts and conclusicons comes down strongly on
the prediction of an oversupply of engineering PhD's in the decade
dhead.  Thev acknowledype range of factors which will influence both
thelr supply band projection and thelr demand band profection, including
the pussible offect of their “own report.  We acknowledge this danger

and can ontv hope that it cah be minimized by vigorous emphasis beth
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H. #. Howen, "The manpower vs. the {rec—choice principle', University
AMtairs, 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 the gemand 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-
term skill requirements of the economy. The evidence is quite clear
that our society hae an enormous amount of work to be done with a
lack of sufficientyskilied manpower to do it. We would claim that.
the adaptability o% doctoral graduates in general combiped with the
adaptability of our economy results in a surprisingly good balance.
The Untario erperience, well documented now for four years, indicates
essentlally 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
. acceptance’ 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 progections.- The graphical summary given on
page 18 would then present an entirely different picture.

We should rise ‘above our national tendency to be cautious and
pessimistic, recngnize thiat even a PhD may be 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 CEMC preliminary report. We have so little to gain and so much
to lose by taking such an approach. We need tc display more optimism
and confidence in ourselves and in the ability of highly educated
manpower to -seek out and create opportunities and to raise the level -
of some existing positions both in government and industry. It is to

' 'be hoped that our students alsoc 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 Iindustry wheie
increasing sophistication and high technology become more and more
necessary.



H-14

Cntrance to englneering was sssumed constoant eon a demographic hase,
i.e. 0.5% of male population age 15 to 19: and assumed unchanged |
entragce requirements,

1.2 and 1.3

Re

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 B/D ratio could usefully be
established when the D number arises almost entirely from the B
stream. Such data have not been collected.
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