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F O R E W O R D

The Aiwisory Committee .)-,, Academic Planning (ACAP), as present f_ .

. constfluted, Was established by the Ontario Council on Graduate Ludies
at the request of,..the Council Of Ontario Universities in January, 1971.
The Advisory COmmittee's terms oY reference were directed broadly toward
the effective plinning and rationalization of long -term .graduate

clvelopment in Ontario's universities both at the level of individual
.disciplines and at a more general level. The Advisory Committee's
activities are based on the premise that graduatelwork is the 'one area
of uniersity activity n which specialization among universities,
cooperative- arrangements and comprehentive planning are-most necessary.

1 ,

In March; 1971, concern over the rising costs for support of graduate
work prompted the pntarro government to institute a general embargo on
funding for any new graduate programme brat is, ine which had po students
eprolred on May1, 1971.. This embarg was subsequently modified to
include only those dis..A.plines in whi ever - expansion was felt to be %

potentially moat serious:.. ACAP was t tgin immediately planning-studies
in'thosc disciplines which remaine0 0 bargopd.

The disciplinary planning pr,ocAss begins with the formation of a ,

discipline group composed of cre representative,from each university with
an interest in ,graduat work in the planning area. The discipline group
assists in defini ' . precise academic 'boundaries of each study,
scrutinizes the data collection forms, prepares'a list of potential
Consultants, maintains contact with the iionsultant§ during the study, and
prepares a commentary on the consultants%wreport.

The final decision on consultants for the planning study is made by ACAP.
V ! The consultantsiare requested to make recommendations-on programmes to

be offered in Ontario, desirable and/or likely enrolments, the division
of respon'sibiiity for programmes among Universities,and the desirable
extent of collaboration with related disciplines.

r.

While the con'sultants'report is the single largest element in the,
final report on Vile planning study, ACAP considers the statement of each
university's forward plans to be most significant. These forward plans '

are usually outlined prior to'the planning study, and are-used as a basis
for comments from the universities concerned on the consultants' report.

On receipt of the consultants' report, and comments on it from the
discipline group,and the universities, ACAP begins work on its own.,recom-
mendations for sub:Mission di'rect,ly to the Council of:pntario Universities.
COU considers the input frsm all sources, and prepares the position of the

,4-Ontario university community.

!-.

'1

,

4
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. 'Coumcilrof Ontario Universities
Con5eL1 des Uni,VersitA de l'Ontario

Report and Recommendations
.concerning graduate studies

in Mathematical Sciences

On the instructions Apf- the Council of Ontar'i Univerities:;.7the Advisory.
Committee-onAcademic Planning has condUcte.d, a planning assessment .for -

-th'e-mathematical sciences. The resultant report from-ACAP is attached
together with the consultants' report and thecomments on it by the dis-
cipline group and the'individual universities, Comments on the ACAP
report by the Ontario Council on Graduate Studies, the discipline group,
Queen's Urtiversity, the University of Toronto,.and the University of Windsor
are also published and follow the ACA report. The procedure and techniques
used for the assessment are described in the ACAP report.and are-not repeated
here. .1t is important for-the reader to read the ACAP report, the comments
on i.t and its attachments in order to understand the recommendations in'this
report from COU.,

The ACAP report and supporting documentatiothkere distributed, to COU,F OCGS,
the Council ofDeans of Arts and Science and the discipline "group on November
19, 1976. Tfreauniversities, OCGS, CDAS- and the discipline group were asked. 0

to submit to nit.) by December 23, 1976, any comments they wt4hed to make on
the ACAP report. COU discused the report and theAmments'receiVed at its
meeting on January 28, 1977. Follow_ino the discussion :et that meet4ng, this

Report and Recommendations was _prepared and approved by'the Council.on March.
11, 1977. The document-is addkesed to the Ontario Council on University
Affairs and the universities of. 6ntario.

The following principles have been adopted and will apply to this and all other
COU Reports arising out ,of assessments. It is noted, however, that in view of
the recent change an the funding mechanism for graduate ,studies, the "currently .
embargoed programmes" referred toin-prInciple, should, for Ole purposes of
this Report, be interpreted to-mean programmes in mathematital sciences:dealt
with in thk planning assessment. 1

,

I. Discipline assessments,byACAP should form the basis for planning by
the universities of their'deve"lorment of.g.raduate studies, particularly.

.

PhD programmes. -,On 'the basis of these assesIsments, COU should make its``'
...

. own recommehdationsOn-currently embargoed programmes. .Each university

. .

must retain the f-reedom and responsibilifyto plan and implement its
own academit development. However, the untversties i'r embarking on a

cooperative planning process have signalled their' intentions' of cooper-.
ating4 with the COU recommendations.

. / . .

2. Universitiesigenerally plan their emphasesill gradtiate study on the -

bases ofre,Jate.d departments, n9t of single/departments. Initially

, the sequential .nature of the distiplIne planning assessments made this',,
difficblt. However, by the summer of 1974', assessments pf most of the
sociat,IWences, all of the physical sclOces., ehgineering doctoral
work, and a number of professional areas/were completed. On theinfor-
mation and recommendations available, e ch unive'rsIty should be able t
make decisions concerning its support' f graduate programmes 'in these

.

. areas. Amerrdrnentis to university resp ses to the it-Indi'vtdual discipline
f N=

I

\ %

Cs.



f

plan ing,assessments may then be made in *the wider context of .1 'group .
- of el'ate4 disciplines and amendments, to COU' s original Reports on an

ividual discipline may be required.

he first concern i n,p 1 ann ng is to review the '14.ual ty Off7sradua'te
_ppportuni ties- and of students in Ontario universities and to make.

judgments about how to procee.d or nottproceed baSed on' quality cOns i
erat ions The procedures have made use of- highly quit f eciindepen'clentt
consul tants4Kho have no di rect inter6stin the universities in Ontario.
Acccrdingly , COU feels bound to acceipt their judgments about,;qua
where th'ey aie stated clearly unlss' Unconvinced tIlat their cong)usfonIS
about quality are eons s tint th -their evidence. COU ' s recommendations
in the case of prow-amp-es which are of unsatisfactory or tluestionai§le
quality will cal l for. discontinuation or ,the carrying out of an 'appraisal
if the continuation of the programme is no' crucial to the province's
offerings. In. some cases, howe'ver, there may be a particular need for
the programme and the appropriate recommendation will be to strengthen
it, with 'an -appraisal following that action. I t 1,s also possible that
i f there were .founi to be too large. a number of broadly'based programmes
there 'could -be a recommendation to discontinue the weakest ; in this case, 1

an appraisal for a more, 1 imi ted progr.prne mi'ght,be relevant'

4, A seconAl consideration is the -Scope of opportunities for griduate workrin the di sc i pl ine. -Do' the Qntario programmes together of ferk asat.i:s factory_
coverage of the main divisions of the .di scipl nes?

.
5. Numbers of students to be p,l anrie'd fonwi 1-1 depe; on the I i kely number

of applicants of high quality and in some cases may relate to an estimate"'
of soci-ety1,s needs. Such estimates may be reasonably rel.i ab le in sock ,

cases and slot' i n others. - I f the plans of the unive-rsities appear to be
cons istent with the likely number olf'well qualified appl i cants and" there. '-

is either no satisfactory basis for estimating nee or there 'is no
inconsistency- between a reasonable estimate of ne d and the universities'
plans, then CPU wi take note of the facts 'without making recommendations

, on the subject of numbers.
4

I f the :numbers being planned for by the universities are grossly ,out bf
1 ine *wi th the anticipated total of well qual Hiedstudents, or a rel
estimate of needs, COU asii 1 I make appropriate corrective recommendaions.' s'
Depending on the circumstances , these may cal fort a change in the total
numbers to be planned for apd 'indications of which institutions should
increase, decrease ; .or clisiont?nue. The Arecomrgendat ions in serious cases
may. need to specify cleprtmemtal figures, for each uni ver'§i ty.- for a time
jf the number's being pla ned for are insufficient, the recommendations
may .caLl for expansion', r new programmes, and may hfave i mp 1 i cations for
both oprating and Capl t 1 costs.

4

Unless there are exceptional circumstances, the recommendations con,-
cern i ng enrolment wi1.1 ncrt cal l for a university tol refuse admission
to any we l . qualified student who wishes to work in a field i hi ch
that univers ty offers a progi-amme an rrwh ch ty to
accommodate the student;_.



-6. The quality of graOu'aie programmes- i f,, pa rt 1Y- dependen t,on s i ze , and
for each programme,'dTpendi 6 g on how iIt, T des i grieds-and I t$ scope,
ther,e is ain'i rfimuiri s4te 6f eTri:1,Ifnent i5crildlti, wh i ch quality play slitter.

. Tha t - ntimber cannot b e exptfsAed,for,;(trie..41sc ipl i n e as, a Whole` but, ..

only for. (nd i vi dual programmes- deperialn,, eon .. their' pt posh`, their r.
resources I nci'' the i r deltOri ' .. I 'r.r.":7,i: k-

.,i 7 ,..t...
' ' `!..-7 \.

7 . U n
. vers1 ti es . wi`1 I be expe fled t o,,,*

,
i i fy COU if `'they intend to dpert '.

.

.
f rol ttie COUJeport i n any mwtay

,

ivh thty bel i eve might ilave a ss i,gn i f i cant ...,
bear i ng. on the p rovi nc ta 1 4-151ahl=r5--'

.

4 .,,,,it,., 0- ,
,

,, ''': 4,. t,.' ',A - '
-81 (Appraisalssal s a'ri siTig 4'as the ,riAtY1 t of assesSments are- to be based.';ori the./

.;,...,

y, ...,
''t ''"accep t ab 1 e,p_reg raMme s' '.'standards but'not necessail ly-the 4,q -,in the,'provi nee. . .::.

. ' T, .i,
General ob se r va t i on s con ce rii ogeinatheMiti cal SF rehtes . i

A AID y... ''''
.

. . . '":;,,,. . t, ,,51.,,,, '''.. S. ..''' ,

_Graduate work in the mathemat i c.a I - strendes:,,t),n the ura yeTS-1,t,iies-of Ontario
. .

Is of Nod quality with at 1 eaii- orie Oritaf io _uni verstiy...fated in the topi
two or 'three i n Can-a-da -i n marry"" o fi-the ft e l dsr,iind pactil`Of the En'ur ',a rgas ...

.

,...,, , 4.---
of the ,,.,.diss.:_ii4iaehe computer:, ttligroce 14,,Fog rpm* a t -Ole Un i vers t ty ' Of

.-.Toronto is exceptional .by North- American, sta*d3tds. t 4,.-.- ,N.. .

%of, .C.'V v -1- j v

2.: Mos t f i e I ds of the mathematr
4ca

I: scierceS age- reasonably 114mplekaly 'covered
in one or other of the *univers i ti'les. The - ..consultants. di40. however, identify.

" r certain areas wh i ch shOol d bet.% r *ex.- de,10,1pped,.4.1or Ixempl e , applied' '`:-
p robab i .1 i ty : .,, * i

- --4 4.----,,... :'-k U., e,
..... r .. . \ .1,1 :2,.. ,,,IMIr. n fa., I

The Univers i ties' enrolment proectionS arezoons1de,Yi by the cp,ns u 1 tants;, to ---
be ger4ral lY in 'balance With th'e ,number of graduates and job' OppOrtun it ies.
Enrolment i*n. pure mathematics if.,-rap exceibein4;Iiind. the recent' trend towards . ,_

*lower enrolment_ is to be encouraged.
-.. ,

.4. Enolment to gr athat i on rat ios for doCtoral stk.n t4 give cause f ors4 concern;
fOrther studies "-should be undertaken .to ascertain th'e,problems Snd their r ,

solutions . b ' ....
JA

he'comme n'd a t i on r

.
.

The und ve,rs i ties give ca ry ful'.':tcihs iderati9n to .the comments of the
,consul tr ts and plan the i r dedtorel: 4dmil.i'$ ions to ensure foe each o
:the -areas a renonab le balance between the,s1:nufliber 'of vaduafes ,an&
the employment opPo-rtuni ties

,

Thetuntve rsj ties plan, for roughly stable tut,' -time enroiliterits at 4 f
;`t.hetrri;asthr..'s level but be prepared to ad,juSt therr! s ights in responseN .,
t o 4.rvy tvotab I e change I n -the eriap ioymen t Franke t . -

.
'.

Th unive-rsi ties -exami ne-stfle i,r enrolmentigraduat 1011 'data to ale rmi ne
s,- - the Oder 1iii,ng ,cause for- the hi gh ratio of enrolments to gradunions

''''. and.Work 'WI tiv, the -41'sc.i p 11 ne group to establish what ..,act i on ; i f. any,

..-
. is tided -Alee a1 -so. recommerldat i on 3)-

... X
1

'' ; ' , ...)::::, 1.7r- ; . :if ';-,0 .

t 4i:4'
.r

D
L
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c,

. . ' .

.

Part-time study at the master's level be made avajlable when appropriate.,.
and prack i cib Le . , .

.
i

.. ),.

o t, .
y .

, f

3. a), The Mathematicat Siiences.Disciprine 676,u¢ review the ertrol'ment-

employment situatir, annually And make appropriate recommendations
to ACAP to adjust the target objec tive§,Of this is warranted.

. r

b The discLpine grdub report to ACAP by flay 31, 1977,'sin the seeming,ly
high enrolment/graduation ratios,'makihg specific recommendations

e i'f-,this seems lappropriate'.--
,.

. A
.

- _

c) The discipline group, in addi ti'on tg its normal undertke a
.

study of the many recoMmebdations of the consultants' 1K-Chapter
' qlh .that dealwith matters of collective concern, The group should.

report to ACAP before May 31, 1977, on the desirabilily, feasibility
and,kwhere appropriate the Amplementltion,of,the actions propbsed in.

. recommendations 38, 39, 41(1," 44 aild 45 of the consultants' report.

4. The University ,of fo.rxito'and York Universiur, report to ACAP by .December

31, 1977, on progress in copnection with:

.

ai

.

thd involvement of faculty in the supervision of esearth ..

v ,
students at the University of Toronto,

4r

b) the development of a regular statistical semi-nar fnvolvin4)the

col laboracio,r,i of both groups, and

c) the prORosed.programme in computer'science at York,.sif Ct is to

,involve collaboration with the University of Toronto.
.

5. Carleton University and 'the University of Ottawa report to ACAP through

the Joint Ottawa-Carleton Committee for Graduate StOdies by December 31,

. J977, on progress towards: .'

a) 'a cooperative programme in the 'fie ld df information and Systems

science, P.

b) increased collaboration among.the stafisticians of the two universities,
.

,

v

c) the development of a co mprehensive joint programme of academic work'

jr1 coputer science for'the Ottawa area. ('

6. Guelph, McMaster and Waterloo universities and the University of Western,

Ontarjo discuss the possibility of collaboration in the varjety,of ways

inaic,ated by' the.consultan.Is and report to ACAP _b.y. December 31, 1977.

7.

. ". .

The UpiNiersitx of Toronto continue iqs graduate prbgramMes in all four

Areas of the mathemAfiCal sciences.
. v .

. .

8. the University of Waterloo continue i-ts graduate programmes in all four

' areas of ehe mathematical .science.'

I .

sr
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#

9. Carleton Univer,isi ty
.. //'

i

.a Continue y t s doctoral programmes in pure and applied mathematics
and stet', tics with more precise definition of the f-ields offered
in the a 151 ied area, and

I

t its_ Niter-departmental 'programme in information and
science, after consultation with the University of

as cal led for in recommendation 5, and giving full con'

at Lon to the consultants' view on, the role .of statistics
-r

ti

b) imple
syste
Otte
sid
and Probability in this field.

10. The Lin i ve rs i tjf of Ottawa

.cont inue i ts master's programme in pure mathematics, develop-
and submi prai sal i t% proposdd MA(T) pr=6,grammq. ,arvd sub-
mit its octora 1 progrtamme in pure mathematics for appraisal,
ceasing to enrol new students after December 31, 1977,, t
a favourble appraisal. has been pbtaintd

b) continue its mister' programme in applied mathematics, develop
an i nterdepartmenla 1 .prog'rWe in mathematical economics and
submit i is doctoral Rrogradfne i,n. appl mathematiN for appraisal ,
ceasing to enrol new ,students after December 31, 1977, until, a
favou'rable appraisal, has`- been obtained,

c) submit fs interdisciplin.af-y4mastqr'S programme in gene ral
Systems and information sciences for appraisal,, ceasing to

. enrol students after December 31, 1977, -urit i 1 a favourable
app,rai sal

I
has beer, obtained,

d) submit its mas ter' s,and doctoral programmes i,n statistics for
appraisal, ,ceasing to -enrol hew students after ,Qecember 31 ,'1977,
until a favourable appraisal has beer; obtained, and

*et

*
0 N

e) defer furthefr development of Its faropased master's, uogramme in
compu" ter'sci'ence pending the results of the discussion cal led Je

for in recommendation 5. 1

. . - -. . . .

2
r, 11.-' Queen's University continue ifs dottoral programmes in pure and applied

mathematics and statistics and continue to Strengthen its master's programrlie
in computer sci6ece. ACM'. (ndor.sei thekonsul tants'. view that tli proposal

Y for a PhD proramr?; in coNirufe r scilence. be deferred.
.

12 'McMaster Unliters i ty ')

. r _ ....

a) continue i is graduate Protrammes, in pure mathematics . t.

b) complete the reorganization of its graduate work in statistics and
* submit the" revised_ programme fer appraisal, ceasing to enrol new

students after, December 31, 1977, until ,,a favourable -appraisal has
.r

. been obtained, and ,

0
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-.

A
4

. s

, , ' .
. .

c) strengthen its factsh.ty with f4Aspect 'to co're-sub4e.cts in computerAl -, : A:science and continu4e its master % 'Programme. ', ---. ,

e

13. The University of We/tern On tai,1 d .., - q ,

sf,

a) Miki nue i t§, master's 'progrartitie in- pure" mathema0 cs`and Submi t
i t % doc.torai programme for apptaisal , .ceasliit3 'tek.eilrc;`t ryt:'w students
after';December 3.1 ,. 1977; 'Lin t i 1' a fent., rab 1 e applre ital 'Has been_

_ 1. .

15) continue, its graduate programmes in. appl iedomethemat ics , r .,
1 .

c) submit for appraisal its graduate programmes in statistics,..ceasing
to enrol new st ents after December 31, 1977 anti 1 a favourabl-d"

P.apprai sal ("Has been obtained, acrd
. ,

i nd) ' continue 'its master' s p'rogramme computer science but defer
- implementation of i ts proposed PhD programme as suggested by

. the consul tants.

14. The University of .Windsor

a)* continue its masters programme' in, pure mather'naticS and submit
its doctoral for appraisal, ceasing to enrol new students after
December 31: until a favourable appraisal has been obtained

\ . .

b) continue its graduate programmes in appl mathematics , and

.

'c) strengthen-14 staff in probability and statistics By the
,

addi ti on of two strong, research-oriented mikmbers or sub t .

its doctoral programme -in statistics for apf\rai sa 1 , ceasing tp-
enrol new students after DeCember 31, 1977, until a favourable
eppra i sal has been obtained. \It7

15. The University Of .Guelph continue its master's Oriog ramme i rrs tat isti cs.-.

and consider the consul tants' Comments and suggestion's concerning i ts
'work in pure and applied mathematics, reporting to ACAP on, the results
of its de 1 iberat ions not later than May 3 1, 107. I f the 'decision of
the university is AO retain separate` master's programmes in pure and
appl led mathematics, they should be submitted by September 30, 1 977, . .
for review by the Appraisals Conf6ii t tee . I

it

16. Lakehead University
. / . 4..

a) continue its mater's programme in pure mathematics' and appl ied

analysis and,' c'Ons i de r , the-consul tants' suggestion td.subroi t fore
appraisal a master I's programme in pureimathemat ics , unrestric,ted .,

in scope :an offering the: degre by course 'work or thesis, and \ .
.

4

,

4

'
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a

).

4..

b)' defer until 1979-80 its proposal for a programme in' appl ied
computer science in the 1 ight of the conskil tants' comments
co-mcerning the need fcli- additional 'staff and ,he development

* of n adequate level of research activity.

4,

1

17. 'York Un i ve rst.y

%I

a) contLnue onspec i al i zed master's programme' n. ma thema ti c's
, , ,

b) consider the consultants' 'recomrnendations ,concern.ing part-me
studies an' dt[or a ispeci a 1 ized,-MSc programme in applied proba-
bi 1 i ty, and.

,c) give serious attention' to the cecommendat ions .of the consul tants
concerning proposal ror a master's programme in computer

..science.
,

18. In view of the recent changes 'in the -funding mechafii sm for graduate
studiest Ontario 'uni ver'sit ies , the Ontario Counci I on, Uni-versi ty.
Affairs take note of the completion of this planning assessment and the
COY recommendations will serve as a basis for university ftrci s ions

the field-of mathematical sciences.

Notes caii-Ee rn nq the recommendations

Re: Recommendation k

-. A letter. f rot", the
pub] i shed.I

February 2.8., 1977

- :

Uni-versi ty .of Windsor On recent action has been

r'

J

S.
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"The potential usefulness of a mathematical concept
or technique in the advance of scientific undefAtanding
has very little, to do with what one can foresee before
the concept or technique has appeared."

"Indeed, who'at the t4.me of the writing of Appolonius's
book on conic sections in the third, century B.C7, would
have dreamed.that almost 2,000 years later, Kepler would
hive employed his results to describe the motion of the
planets?"

-

Br

F.E. BroWder, "Does Pure Mathematics Have a Relation to? the Sciences
American Scientist, geptember-Octobet, 1976.

Sciences ?"

.1
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PROCEDURE

dtt

On the a4 ice of theOntario Council on Grilduaie Studies, the Council of
Oritario Universities, on May 3, 197A,,appfovea`ACAP's schedule for:plan-.
ning assessments-in l974 -751. which included the. conduct' of a *forms' plan -
Aink assessment of mathematfcal.scien 4PI

This assessment covers the follrreas of math Vsticaiscienees, namely,
pure, applied, statistics and computiersciell . Only,°the latter area is

under embargo but COU agreed that no newgradUate programffes,would be
started in the mathematical sciences until after thee planning assessment

. had been completed (COU meeting April 3, 1975).

The procedure and terms of reference for the asSessment;kattached as Appen-
D, were formally-approved-by COU-on JanuarYa0, 1975,' following approval

/ by °CGS,. The new procedure adopted called for s'kWo-tiered panel of cog-

/, sultants camposed of two specialist advisors for each of the four areas .

and three general consultants, one of whom must beqa senioir-Canadian acai-
demic from another discipline.

1 -

The Mathematical Sciences Discipline Group was constituted with two members
named by each of the eleven interested universities andone,observer named
by two of the other universities. The membership of the discipline -group
is given in Appendix E.

The ACAP portfolio for mathematical sciences is held by Professor 11'. C.

Anderson who attends meetings of the discipline group when ACAP represen-.
tation is necessary.

The group held its first meeting in January, 9,75, to discuss the proCedures

. and consider possible consultants. Ad harcamtittees were struck to draw up
lists of specialist advisors for each area.

The advisors and consultants finally selected were

PurVathematics A. 'J. Luxemburg

A A - N. S. Mendelsohn'

Applied Mathematics I. N. Sneddon
M. Wyman

St.tistics
.

D. R. Briklinger
- W. H. Kruskal

I



Computer SCience

I

- J. E. Hoperoft
- J. M. Kennedy

Consultants G. Birkhoff
- D..R. Cox
- A. H. Morrish

Piofestor Morrish served as 'the senior tanadian academic from another dis
,

cipline. rief curricula vitae appear in Appendix G.,

The,00nsultants and advisors met fOr two days An May to disCuss the assess-

ment with%ttle executilille vice-chairman and with the discipline group. The

university visits were begun in May, and continued through SeOtember- The

.adisorsthen.wrote area repdas on the individual universities. Each

-report was submitted to the institution conkeri)ed for_comment. The con-

sultants 'then prepared their report Om the basis of the advisors'. reports,

th-k.runiversities',:comments and their own observations.
-

The cbn'sultants' report was. received by ACAP i April, 1976, and serveld as

-,the basi. s for the preparation of this draft AAP report 'Which was approved

at the June meeting. Both .reports wd4:diseributed to the universities

and the discipline group for comment. 4the final ACAP report was writtlen

following receipt of the comments and was sent, together with the various

appendices, to OCGS, CDAS and,the discipline group for comment and COU

for -action.

4
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PLANNING TECHNIQUES

For some years now, the universities of Ontarid have been committed to the
belief that the quality and effectiveness of graduate..study in the province
can be ensured only by collective and cooperative action. This implies a
mechanism for continuing consultation and agreement so that the,plans of
each upivbersity for each of4 its disciplines arerconcerted with those' of
the other`universities. At any given time there will exist a'plan for the
development of each discipline, with agreed and understood roles for each
department; since graduate education is the most advanced formal intellect
tual activity and is, therefore,' under4ing chang', it necessary that
such plans be kept undej regulat review and be subject to ready amendment.

The Council of Onta4o Universities has assigned to the Ontario Council on
graduate'Studies the task of advising it'on the development of such plans
and on the steps to be taken to carry them' into'effect. The standing com-

mittee which carries out these tasks for OCGR is the Advisory Committee on
,Academic.Planning. A significant'roleis arso played hythe discipline
groups, one of which is established for each sut)ject, with%tne or more repre-
sentatives from each interested.university. Each discipline gradp has the
flinction of assisting and advisingACAP in connection,with its owp subject.

4
the,above may give the imBressionthat the planning f.tivityis fragmented
-on'a'dM S1hishis wouldof CoUrse,' not to acceptable. Since

the development'of one department in a university sh uld not be considered
independently of its contribution to the rest of etts niversity apd of the

influence of the university as a whole on the dep'artmalt., it is most impor-
ir

tant that universities as institutions play a central ole in the planning fir

process. 'One, of the most effective ways.of doing this:is by indicating to.
ACAP, the nature of institutional commitments to -a depptment and institu-_

,

tional aspirations for the' department.

I

The, most significant single inptit to a planning assessment is the set of
statements from each univetsth of its plans for its department. When

these are subject t collec'tive scrutiny may be found hat their totality
constitutes a reasonable plan for the disdipline in IcApri , but din any case

this set of4plans'is the first approximation to the provin ial plan, tihiph

the planning assessment may have to refine if there are dup cated teatures,

lacunae in feringS, too large'a total enrolitent, or other easonslio.recom-

mend altering some of-Ehe university plans. 'the univesities\are also
involved in that the bo ies that .act on ACAP reports, i.e. both COU and

,

OCGS, ar composed of t e universities.
.

The formal ocuments stating the responsibilities of ACAP and the discipline
groups are ppendix T. Briefly.:sumMafized, it is ACAT's.function to advise
on steps to be takep to implement effective provincial,planning at the
gradqate level, to promote the arranging of the graduate programmes of

1

.



the province in order to enhance and s stain quality, and to avoid undesir-
able,duplication, and; when necessary, to carry out formal planning reviews '

for disciplines. A discipline group h s the responsibility of keeping
under review the plans for graduate wo k in the discipline and making
regular progress.reports to ACAP in co nectton with graduate work in tHat

subject. To make allthis possible,_ 't has been agreed that ACAP mpy

communicate directly with universitie and discipline groups, terequest
necessary ihformation,,to discuss rep.rts, to convene meetings, and to ....

maw and rive proposals for the fumure.
\T

/The above information has been given n some-detail.biecause it-constitute

the mechanism currently approved by C U for cooperative graduale, work.' It

is fair to say that in 1971 there was no mutually agreed plan fcir graduaxe,

study in avadiscipline. Otir task is not only- generate the first such

plAn for each subject but also to ens re that itlis kept under contnu41.

review.

there are,fourtfuridaMental components in-the plan. The first ig andevsis.

of the fields of.study, the formats 0.f- study wh=ich should be availaAle- to

prospective students in the'province. The second is- an estimate orouerall

provincial enrolment at mpster's and rdoCtoral leveIS,based*Ryincipally on

the likely numbers,of highly qualified applicants. In regard to considerar

lions of manpbwer needs for the Trovince of Ontario, ACK is conscious of

the unreliability of forecasts and, except in special cases, subscribes to
the approach proposed in the Macddnald Report (1969):

The country as a whole and the provinces must be concerned
about manpower requirements.' This concern can be,epressed in the
fist instance thxoUgh'iareful survey and ibrecagtings of manpower
needs-on a continuing basis. Such forecasts "should be given wide

circulation. It is'reasonable to expect that universities will
respond by creating additional opportunities for study in she
areas of shortage l In addition, the univarsities through their
counselling se?Vides have a duty to adJise students about the
opportunities in various, fields from the standpoint not only of
intellectual challenge but also of-vocational prospects gnd social

utility. The reaction of prospective students to such forecasts ,

is likely to provide an effective control. We ',neve the market- '
,

place, if its trends are made explicit*, Offers an adequate gover-
nor to pzevent serious surfeit and ko encourage moveeentof 7'
students toward fields-of opportunity,

The third component of the gall is an indication of the role,k6"be played

by each department in ter Ts of Se programme it will offer and its,academic

emphasis, Coopefative arrangement'S between departments are stressed. The

fourth component consists of an examination of the,enrolment plans,of the

universities and consideration as to whether the universities' plans and

the predicted enrolment for this discipline are consistent. If not, some

appropriate action should be recommended to COU, at will be sern that

although there may also be other aspects, these are four necessary com-

ponents'in such a plan.

1
0.
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, In the.mathematical sciences, an imbalance hak appeared between the likely
_job opportunities as seen by-the ctssultants and the-number of,doctoreoes-
uaduating. This prfob:lem is discussed in detail in t;ise next Section.

..,

One must- -'11-as_ten to atd-that thelfuture is uncertain and that to forecast---- -_-._

intellectuaiften-,StiAdeht-4,11-sts,' aft;d-,emplayment marketstive years
hence-ii'4.:--te( undertak.e-to t'xa lue_ja1-4Tv-azariables: 61---tourse this is net a

. , #

new exerciSe--Sflm6e077SIt'llnaysitteCOmf find=i-O-10(#7dec.it-iiins about huild-
.

ing , staff Miring, libra--4-.-w.tilsttit1,-----*Al.ii kkEli tsve;5t- -;rat, alla0-40-1"th,
and have done ko on a basis-Th e. affet- 49X:el' gt:e..,7;"- flaiittii: i3rfle:t4Tfr:rt-- -'.,-

forecasts have beenstoiT iixtul4ivetlf Go k::::zJ

. ""16.--,;v------__-*-
_'- , . #...-

....- -. 4. ."-:-I
MS,i5111 ..tpl,,. rttl4f. -,-,r.'--' %,-_

have certainly been there. At that ds_new 4it
'tically for the prdvince. -.7:

==.s.
.--P4f,i.

k ,
- -. --=--...":--- --` --,:-.:- --"--74.--f3,-.--

.--,-...it!,
f't It will be iealized that, at a minimum, the Plann ng procedures we have --- . ,....-,t,r,v,,,:....

inli-caie-d-retittr-e-aftfkual -rep-di-Xing of enrolments add annual examiftatiOn

of admission standards. When there, are indications from these. or Other
sources that some aspects of the plan for, the discipline are not being 1

realized, it will be necessary for ACAP to initiate a review. Such-4 2 I

review would usnally not involve outside consultants. ,Whether the impetus.
-clime from a discipline group, a university or.ACAP itself; comments would-'

randbe sought-from all concerned and the review would'gulminite in a report
to COU recommending. an amendment to the plan. l'

....
4

If a university notifies ACAP of its' intention to depart from its accepted
.role :(or example to enrol students in a field not included in its Under-
stood pran), ACAP -trill rikqew the situation in the light of an/I:other such
notification's it may Save 'received and any other pertinent factors. The

'-'w
''Als

extent of any further Study would depend on the situation, buegf ACAP felt
that the university's new plan could IIT 1%Ceuse Apr concern, j..ts, f4X05,'-kterl.

would be to seek full discussion with.the onitty.. Nbrmally eh-et g% emu-
already have been discussion in the disoi inA group;and-between univerities%

i4and the university would, have reached its eention at a careful examine- .

tion of the general situation of -graduate study in the4`isipline. Thus ,

the ACAP decision Could be straightforwAd qnd aYChange.-in plan,woull be .

recommended to COU through OCGS. If,"ho4.&kr, ACAP'still felt that qiere
was a probability diet the university's aclion'migh't be found, or furt4es .

study, to be potentially harmf-ul to the system; ,it wsul*probahly--next%eek
comment from other univerSitied concerned and iom the-discipline group,--.
In any case, ACAP-would eventually make some recommendltion to COU (throug
OCGS) concerning the variation.

c i/ '
,:o iii '

It is difficult without a concrete case,tio speculate on likely recommenda-
tions, but perhaps two hypothetical situations will illustrate the extreme
If a university indicated that, withoutany marked change in, the academic
emphasis of its department, it proposed to arrange to enrol' somewhere around
70 graduate students instead of about50, and if there were no changes at

it
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. ,

other universities-and no potential developments whitti could be substanti- ,

ally affected, ACA, would preumablT simply.notiiy COU of the university's
. ,

'intention and,recommend th,at.it be recogwized as an alteration in planAor . -

the,discipline. At theoother extreme if.a university proposed to begiWfa *

'new Trogramie designed to enrol rairly soonsome 30 PhD students in a field
c,,f the discipline already well Covered in-other universities,git. would
clearly be necessary to obtain reaction from the discipline, group and from
other universities. and perhaps even some expert advice, in order for AeAP

.

to generate amaavisory position concerning the impact of the pro4wal on'
title system and suggestionS to the universityt s4§Eesned and to COlio As his"'

been ni,ted, if there bad been advance interdnilffs4ey discuiSionsiand agree-
4th.ip, tills x,fould.be a lOsitive factor in'ACiv's asseqAment, but there is of

-.,

.e possibility hat the recommendation would call for modification
-.yrsity's intention} is that.to be:the obvious consequence

. / 7-

nrci.ag. Of edurse, he university could decide to_act in a
-/".COU recommendatiA, accepting whatever consequences

-.-

'tat to be the basic right of university 'autonomy.
rsity will not at in._ this y,ay witriout ,the

ed preceding-7eragraph'

a.

4

"r

ft_

t
14.
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GENERAL RECOMMENDATIONS

This section contains recommendations of a geperal Mature applicable to all
four areas of the mathematical' sciences.

Reference's following a recommendation refer to the consultants' report. It

'_- = +S-tmp tanz re note that the'ACAF.report should be read in conjunction. with

the consultants' report which provides backgroundfor the recommendations
made here. Also, following the custom used for other disciplines, ACAP,
recommendations are prefixed with the symbol 'C! to,avoid confusion wi,eh the

9numbering in the COU treport.

r.

Mathematics is a central discipline which haslong been essential to the
development'of-nfgh quality graduate programmesin the physical sciences and
has become increasingly important.Co graduate studies in the social and life

sciences as well. For suein disciplines, graduate study at.the master's level
by general agreement, a matter of institutional planning. Master's pro-

grammes are offered at eleven of the fifteen provincial universiitte-s, but

involvement of the remaining four, ejther through cooperative ventures with
-other universities or on their own, might be anticipated-at some'time in the

future.

Quality and Scope

.

The consultants( have many encouraging things to say about mathematics in

the universities of Ontario. TOty note that the activity'in mathematical

sciences in the rovince is superior Ln terms of breadth and quality to that
in dhy other.pr vince in Canada. 'They go on to state "that in many of the

1.fields and each of the areas -atleast one Ontario university is to be rated
in the tops two or: three in Canada." Although the level of mathematical
research in any Ontario university does not rank in the same class as that

University of Toronto is exceptional and rates in h.first half-dozen
ih the 9111 nupber of West centres science at the

ec

offerings in North AMtrica. Also, the report notes "the presence of a num-

ber of individuals with international reputations, 'some%of wham are among
the world.leaders in at least some speci41-,field."

ACAP ig..pleased to record the favourable-monnion of the conslibilats bn-t the

qual4t)g'of graduate studies and research in mathematics in Ontario and

encdatages the universities to pursue the goal of continued.improvement.,
Toronto and Waterloo particularly, are'urged. to consider the comments.and
recommendations of the consultants concerning. their potentials as major.
centres for graduate studies and research in mathematics. It is noted that,

although most of the' fields of mathematics are said to be reasonably corn-%
pletely covered in one or other of the universities, there are.some fields
in which further development should be ejicouraged (see pages A-13 and A779).

11, )
e
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Enrolment , t P.
,.

144 21 104 10 42 t8 68

Degrees GranCed 1 25 4 11 4 '

1971-72
.4,. .

Enrolment : 1416,,x 22 . 61 11 38 75 10

Degrees Granted ?Ilk,. , 9 /3' 7' 4 4

1972 -73

En'yolmeilt 142 20 ' 44 . , 12 38 10 73 16

Degreee Granted '32 8 ' 14 3 5 1 6 4

1973 -74 ,

Enrolment 132 15 36 11 32 6- 92 15

Degrees Granted 19 7' 2 6 3 5 9

,

1974 -75 '

,

/
.

----

En nt , 103 siiti. 17 32 9 35 19 80 15

Degree ranted 11 8 8 23

.

1975 -76 , .

Enrolment .
21' 36 7 39 , 17 85 - 21

DegreOCGranted
...

15 .5 8

,

20

. ,

Includes arleton, Mclaster, Ottawa, Queen's, Toronto, Waterloo; Western and
4

Windsor un ve'rsities.
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klpo,),.the enioltent and graduation statistics..inelable rtleargi indicate ,

either the times required to obtain degreeltlie'delltably -longer than

nded by the tonsultants odpageg A-14 add A-115 4. there are large
numbers

,

s of drop-outs in mathematics. Of course the numSers may reflect.
Vom16ation of both factors bu tk. in any event there would appear to be a

p, b.eth associated with excessive demands on the candidatesor ihadeguate
adMissi. standards.or poor control, of the admissions process. this aspect

4of doctoral opj4igs should be examined by the?disciplee group as suggested

- 9 '-

.-Li'
(1,1

in'recothmOdatiop qr. -.0.......-ow
-,

'''

ACAP suppOrtg the views expressed/by the consultants on pages A-19 and A-74
conternin the relationship between the quality 41E-graduate study in mathe-

,matics an programme size. In summary it As noted "that most research stu-
dents should work in centres where there are an appreCiable number, Kive
or more research students in their area, but that other,departments ;ith
the facilities to provide programmes of the necessary -quality Should not
be barred from doing. so" and that "it is not economically viable to mount
a thorough programme of'covrse work within an area withouta good number
of students." This important facet of graduate:study in mathematics is
mentoned ii page A-19 and discussed fully on pages A-74 and,A-75 (see 'also
recommendation C3 below). .

Employment Opportunities and Enrolments

FollOwing a detailed consideration -employment oPportunities, beginning on-
page A-19 of their report, the consultants'conclude

a production rate of 50 P,JaDs per year for Ontario would lead
to unemployment'problems: a figure of 40 PhDs per year would be
'more realistic for 1975-80 (page A-23),

and r % 0. .

limitations should be placed on the number of master's candi- .

dates other than the supply and interest of suitably qualified
students ( age A-25).

/WA? accepts and supports these conclusions for the areas of pure mathematics,
applied mathematics pui statistics and the suggestion that for these three
areas the 30 PhD. graduates per year should be toughly equally divided among
the three areas,.. ACAP recognizes that the job opportunities trCcomputer sci-

ence justify a solewhat'highsr output and proposes that the situation be
reviewed, regularly by the discipline group.. The universities are asked to
reexamine their admission plans in the light of the situation revealed by the
consultants.

In applied mathematics and statistics, the suggested numbers are reasonably
compatiFle with recent enrolment and graduation figures but, it is rioted 'Oat
recent enrolments are smaller than the sum.,of the individual university ehrol-
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ment projections for.tbe next.ft*e years. In the,case of pure mathematics,
a similar comparison shows quite, significant discrepancies but it is noted
thaf the more recent enrolment figures do.showa trend towards a better.bal-
ance. The field of, computer4rience is sufficiently new and its applicability
of such potential breadth that ACAP" hesitates to support any major. cut-back
in the present level of. activity in 'this area% At the same time,'the uni-
versities concerned are advised,to monitor the employment situation very
closely and to modify their plans for development in this field in an appxo-
priate-way.'

It is also suggested that the proposed target numbers might be adjusted
slightly'upward on,the bastsof foreign students supported by CIDA or other
similar agencies and committed to return to their homes on graduation.'
Another factor affecting target numbeza would be the extent to which a Change

m--in the emphasis of the programmes might improve the possibilities for non -
atademic employment. ACAP supports the consultantswhen they urge' on page
A-29 "that the emphasis of graduate instruction and rel-search'be on increasing
quality and relevance; the quantity should remain constant or be allowed to
decrease."'

Recommendation C1

. ..i

jt. t is recommended -that the universities give careful consideration
u the commerms of the consultants and plan, their doctoral admis-
sions to ensure for each'of the areas a 'reasonable balance between
the number of graduates and the employment opportunities.

I

It is also recommended that the universities plan for roughly
stable full,.-time earblments at the master's level but be pre-
pared to adjust heir sights in respons,e' to any notable change
in the employment market.

It is strongly recommended that the universibtes examine their
enrolment /graduation data to determine -the'underlying cause for
the high ratio of enrollments to graduations and'work with the
discipline group to establish what action, if any, -is needed (see
also recommendation C3, page 11)'.

Part-time Study

- The consultants indicate on pages A776.and A-77, their general support fo'r

,part-time study at the master's level noting, in particular, the desirability
of this approach in the lajger population\ centres and for teachers and ethers.
whose work has a substantial Connection with Mathematics-. Statistics and
0117kiter S-eience&are seen as particularly appropriate, fOr part-time otudy.,

a-,
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t Recommendation C2

.

t is recommended th"at part-time study:at the master's level be ;

de available when appropriate and practicable.
.

.

Cooperation and the Role of the Discipline Group

After comparing the relatively independent universities of Ontario with solte
of the more centralized state syStems intfie United States, the consultants
comment on pageA-27 that "In the present climate, it seems that cooper-
ation between universities in Ontario must be fostered." .

ACAP notes that the many comments, suggestions and recommendations scattered
,throughout the consultants'.report,concerning the need for cooperation in-:
.volve three, different levels of interaction:

.1) collaboration of a general na!ure with respect to Such matters as
seminars, library acquisitions, mobility of students across the
system, etc., t/ '.. I

ii) more formal arrangements involving the participation of -staff at
one institution Ets research.superVisors or members-of iraduate
student adviArx,rommiteees a't other institutions,"ana

'iii) cooperative*or joint programmes involving the.direct participation
of two ormore universities.

The difficulties in the way of rapid evolution of extensive cooperation are
significanten4 as-the-Consultants point but, the implementation of collar
borative arrangements is moriPlikely to be effective through mutual agree-
ment than by imposition. They suggest anumber'of matters that could use-
fully be undertaken by an interuniversity committee, possibly the discipline
group.

*=

Recommendation C3

It is recommended that the Mathematical Sciences Discipline ,Group
review the enrolment-employment situation annually andmake appro-
priate recommendatiqns to ACAP to adjust the. target objectiVes if
this is warranted.

It is also recommended that the discipline group report to ACAP
by May 31, 1977, on the seemingly high enrolment/graduation ratios;
making specific recommendations if this seems appropriate..

It is also recommended that the discipline group, in addition to '

its normal role, undertake a study of the many recommendations of

-7,411C2

Worm.r.
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__ the consultants in Chapter III-tilat deal with matters of collec--... .,(
..! -tive'concern. The group should report to ACAP before May 314

-1977, on the desiraeility, feasibility and, whete amopriate
the implementation of14he actions proposed in Kecomindations 38,
39, 40, 44 and 45 of.the cohsultpts' report.

. g

; *
,__.-

Although the other recommen4AtIdnS of Chapter III tencrto be more institu-
tional in cnarater, ACAP recognizes the'merit'of some" wider disc s ion of

-*Chem and anticipates.- that -the group may wish to.-,comment on some of them. In

. of thethe same vetn4, attention is also drawn to opmlents in other par
report such as those on the coverage of fields, especially in applied-mathe-
matics recommendation 12, page A-45), on the time required te,achieve a .

degcee-(pages A-14 and_A715) -And on the relationship between graduate study
,.

and research (pages A=14 and A-178).

-

.' - Recommendations proposing specific aipas of cooperatiori %between. speci c

institutions will be set out in the next section. In 'this connect
is particularly pleased to tote the creation of the Joint Ottawa - CarletonAP

.,,,

,.. Committee for Graduate Studies which should help to promote continued1/....
improvement of the graduate offerings in the Ottawa region. ID

4, .
---.,.

40.
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UNIVERSITY RECOMMENDATIONS

This section contains a brief comment 'on'each of-the four areas of mathe-r
Mates followed by several general observations which the universities art
asked to bear in mind while considering their individual recommendations.
Thope portions of the recommendations calling for the cooperation of two or
more universities have been- extracted and apptar at the beginning of the
list., The order of presentation used by the cdritte;nts.is retained, i.e.
Toronto, Waterloo, CarletOn, Ottawa, Queen's,,,tic r, Western, Windsor,
Guelph, Lakehead and York'. The recommendat4ons have been assembled in a

illOto present, for each university,d1M2AP's advice on all fo,pr area

ing reference back to the recommendations on-cooperaeion.

It is important to consider ACAP's'rqcommendations in the context of the
consultants' report. -------

Ppre Mathematick

The consultants4are generally satisfied with-,;the high standards that-shave.

been maintained-in this areafbut they do empress conf ern that "the graduate
education of a doctoral student should not be narrowly centred around the
topic of the,dissertation." The mismatch between numbers of graduates and
employment opportunities is.greAfst in this. area and'ACAP supports the

4
views 6f-the consultents_that_thersitiesr should reconsider their pro-
jected enrolmen114, that research acti44CYTTAW1-d-be-les-A-dependent on the
ilistence of gradu students and that graduate students should be advis
to follow at least e applied topic to a reasonably advanced level.

Ent

Applied Mathematics

The extremely broad coverage and rapidly changing boundaries of applied
mathematics make a precise definition of the field difficult. Also, as .

suggested by the consultants, some kinds of applicatipn have a relativelL
short span of activity and excitement And "an appreiiable proportion of IP
applied mathematics facility must be prepared "to Chang, their main fields
of interest; possibly_several tines. Clntinuous reappraisal, of topics of
interest is required." Their concern "chat the4full implications of a
broadening Of the role:of applied mathematics have yet to be implementfd,

--in Ontario'or elsewhere" piompted ACAP...Ao refer their recommendation 1g,
(page A -45) to the discipline group for cons-iderition- t "

V
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Statistics

This area divides generally into applied-probability and statistics. The

consultants note, with some exceptions, a surprising province-wide weakness
in the former but offer no geReral recommendations on the matter. They --

"believe that tlie effective deMand for statisticians with a, graduate quali-
fication will persist and probably increase, provided the statistical train-
ing achieves a satisfactory balance between 4heory and application." ACAP

reflects their concern-aboilt the range.of, quality and research activity of
the faculty and of the numbers and qualities of the graduat4 student bodies,
and emphasizes tie need for each university to give very serious consider-
ation to the consultants', comments on organizational pr.ohlets in this area
(page A-53).

Computer Science

It it pointed out that while Toronto and Waterloo offertdairlx complete
coverage of all areas at both. master's and doctoral levels, other programmes
inthe province are more specialized and tend towards computer applications,,
sy tems engineering and'hardware. The danger of isolation of.computer sci-
en e from the other mathematical sciences is noted and the need to strengthen
th ties between this field and the relevant areas of pure mathematics
(e pecially,algebra), applied mathematics, numerical analysis and statistics,
is emphasized. ACAP reiterates the consultant's' recommendation (page A-63)
"that attention be-.concentrated on staying in the forefront of current com-
puting research and development, rather than on growth or on the duplication
of existing Oregrammes."

An Important Note

00 44
ACAP wishes to emphasizesat this point that all of.its recommendations pro-
7Posing continuation or introduction of programmes according to the univer-
sities' plans should be interpreted in the light of the very strong reser-
vations expressed by the consultants about enrolment projections and-employ-

.

ment opporfunities. This will be of particu r concern to those in pure
mathematics but the discipline group woulddo well to kfep a careftil watch
son enrolments and projections for all areas.

Cooperation

,
Recommendations for caoperation are presented - first, followed.by individual
university recommendations. .Although no specific recommendation has been
included here, ACAP, wishes to draw attention to the last section of recom-
mendation 30 in which the consultants cal4f.cir inciAsed attention (by the
computer science group at TorontO) to cooperation with the staff of other
Ontarip universities. ;

4 ' .

2.)
,
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It is recommended that, the-Univergity of Toronto' and York University

report to ACAP by December 31; 1977, on pitgreas in connection with:

i) the involvement of York faculty inithe supervision of research
students at the University of Toronto (see recommendation 11,

page A-42),
ii) the development of a regular' statistil seminar involving the

collaboration of both groups (see recommendations 20 and 29,
pages A-55 and A-62), and

iii) the proposed programme in computer-Science at York, if it is to
involve collaboration with the University of Toronto ,(see recom-

mendations 30 and 37, pages-A-64and A-71).

Recommendation C5

It is recommended that Carleton Unlversityand ie University of

Ottawa report-to ACAP through the.JoInt Ottawa-Carleton Committee
for Graduate Studies by December 31, 1977, on progress towards:

I.) a cooperative programme in the field of information and sys-

tems science (see recommendations 15 and 16, pages A-47 and

A-48),
ii) increased collaboration among the statisticians of the two

universities (seeXecopmendations 22 and 23, pages A-57 and

A-58), and
iii) the development of a compreherisive joint programme of academic,

work in computer science for the Ottawa area (see recommen-
. -dations 32 and 33, pages A-66 and A-67).

-
--RecoMMendetion C6

It'is recommended that GtelphOcMaster and Waterloo universit
And the University of Western Ontario discuss thepossibility of
collaboration in the variety of wayslindicated by the consultants

and report to ACAP by December 31,-,,1977, see' recommendations 21 and

28, pages A-56 and A -61 as well as comments in Chapter III),

'Universi4y of Toronto'

The phivirsity of Toronto offers doctoral'work,in all.fourareas of the
mathematical sciences, its computer science programme:being among the best

, half dozen in North Aierica. The advisors considere4mthe'Toronto graduate
students in pure mathematics, to be the. best they pet. This is reflected

in the consultants' suggestion that Toont,o produce half of'the suggested
4
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total annual number of PhDs in this area. They suggest that a greater

degree of interaction between all of the areas of mathematics would be

desirable and emphasize in this connettiOn, the need for more adequate

housing to bring all of the faculty together. They also sugge'st an internal

review to examine several specific aspects of pure mathematics and its

interaction with the other areas. In commenting onthe De Lury 'report on

'applied statistics, they recommend that the future of applied statistics
should be considered in the co ext of statistics as a,whole to achieve a

greater merging of theory and 4pliation.

ACAP is confldent that the university will give due consideration to the

general recommendations of the consultants and of the De 4ury report,

Recommendation

It is recommended that the University of Toronto continue its

graduate programmes in all four areas of the mathematical sci-
ences (see recommendations 2, 13, 20 and 30 of the consultants'

report) .

See also recommendation C4, page 15.

Unftersity of Waterloo

f

The University of Waterloo has a Faculty'of Mathem§tics, consisting of five

departments including a DepartpenVOT'CombinatOrics and Optimization. b&-
toral programmes ire offered in all for ACAP areas. The consultants note

that there are some faculty members who have established, international repu-

tations and the combinatorics and optimization cOmponent of the staff is

one af_the strongest of its kind in the wolold. The computer science pro-

gramme was judged to be "one oie-best den or so in North America." In

the statistics area, concern was expressedxbout_some weakness 'in probability

which appears to be, a province-wide problem. Intrauniversity consulting in

Statistics should be stfengthened as well as interuniversity co4aboration

with Guelph, McMaster and Western. ASAP recommends that Aterloo take,note

of the consultants' comments on pages A-47 arid A-65 concerning admission

standards.

Recommendation C8

4

It is recommended that the University of Waterloo continue its ,

graduate programMes in all four areas of the mathematical sci-
ences (see recommendations 3;'14, 21 and 31 of the consultants'

report).
See also recommendation C6, page 15.

4
3i
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1. Carleton University

Carleton University offers the PhDin all four areas of the mathemAtical"
sciences; computer science being offered jointly by the,Department of Math-
ematics and theDepartment Systems9,gineering. ID the area of pure math-

.

ematics the consultants were impressed by the steady stream of distinguished
Visitors at Carleton and by the 'alggbra,days'. They also found the'quality ,

of the doctoral theses tobe "high if not outstanding." Work in the applied

area centres around Information and systew enginering'and Should be en-

. couraged and strengthened. At the doctoral level, there-is a need.to define

more clearly, the fields'offered for dissertation in. the programme. Concern

was expressed about the unevenness af the.faculty instatistics and'also
about the weak statistical content of the master's programme in information

and systems science. Collaboration with the University of Ottawa was rec-
commended in all,greas except pure mathemittifs but particularly in computer
science where it was' anticipated' hat a joint, wide-ranging, high quality._

programme could be developed.

Recommendation C9

It is recommended that Carleton University:
dr,

i) continue its doctoral programmes in pure and applied,mathe-
bitics and statistics with more precise definition Of the
fields off6red in the applied area,

4.--

ii) idplement its interdepartdental prog made in information and

systems science, after consultation w h the Univers ty of

;
Ottawa as called-for-in recommendation CS, and givin full

consideration to the consultants' view onrthe role if statis-

tics and prohbilityin this field.
(See recommendations 4,'I5, 22 and 32 of the consultants' report.)

See also recommendation C5, page.15.

University of-Ottawa

The University of Ottawa offers a VhD,in the areas of mathematics but tias no

erc) graduate prograftme ht preenti in coakter science. Although the master's

6...theses in pure. mathematics were judged to be of acceptable qualitythe number?

..of doctoral graduates and4the 9uality of those theses examined led the con-
sultants to suggest appraisal. !KAP supports the suggedition that the doctoral

programme should be appraised and that. the proposed MA(T) programme should be

developed. The doctoral 'programte in applied mathematics has not attracted
Canadian students aod'has produced only two graduates-in the last five years.
The university's intention to expand, theprogramme into, mathematical physics

.is cons3.dered th.be ill-advisrranthe-departmera is urged instead, to develop

a graduate-programme in mathematical economics, tailored to the needs of the

Ottawa area. Ile statistics group is new and has no yet attracted students

34,
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into the graduate programmes. ACAP supports the recommendation for appraisa

The'existing activity in computer science\is handles either in the inter-

disciplinary programme_in general systems and information science or in the

electrical engineering programme. ACAP feels that any further development -4

in this area should take the form of a cooperative programme with Carleton,

rather than the independent development of an Ottawa proposal.

Recommendation C10

It is recommended that the University of Ottawa:

i) continue its master's programme in pure mathematics, develop

and submit 'for appraisal its proposed MA(T) programme and sub-

mit its doctoral programme in pure mathematicg for apprgisal,

ceasing to enrol.new students after December 31, 1977, until

a favourable appraisal has been obtained,

ii) continue its master's"programme in applied mathematics, develop,

an interdepartmental programme in m?athematical economics and

submit its doctoral programme in applied mathematics for apptgisal4

ceasing to enrol new students after December 31, 1977, until a

favourable appraisal has been obtained,

iii) submit its interdisciplinary ;aster's programme in general_.

systems and information sciences for_appraisal,ceasing to

enrol students after -December 31,-1977, until a favourable

appraisal has been obtained,

iv) submit its masters and doctoral programmes in statistics for

appraisal, ceasing to enrol new students after December 31,

1977, until a favourable appraisal has bien.obtained,

v) defer further development of its proposed master's programme

in compUter science pending the results of the discussion

called for in recommendation Cs.
(See recommendations 5, 16, 23 and 33'of the consultants' report.)

See also recommendation CS, page 15.

-14

Queen's University

71;

Queen's University offers doctoral studies in the three areas of mathematics

and a master's programme in computer science. The consultants commend; the

'quality and breadth of the' offerings in pure mathematics as well as tP

contributions of the visitors and summer programmeS to the graduate acti-

vity. The interdepartmdntal programme in control theory is of high quality

and provides, along with the work in quantum theory, the major focus in

applied mathematics. Broadening into non-academic areas and closer coordin-

atibn with computer science are indicated. The services and opportunities

provided by.STATLAB are prai d. There araIlUggestionslor increasecLauton-

omy for the statistics group d for a reconsideration of the requirements

.0'
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,
.

for the PhD in this area. ACAP urges the university to-cons

/4Ae
r the,sug-

gestions made in these a eas. i In noting the uneven qualit of master's

-theses in Computer sci and a less than impressive research output by

*9
the faculty, the consultants recommend postponement of the proposed PhD
programme until'the MSc programme has been strengthened and additional
staff appointments have been made. It is also emphasized that there is
really no need fior a third PhD programme in the province at this time.

Recommendation Cli

It is. recommended that Queen's University continue its doctoral
programmes in pure and applied mathematics and statistics and
continue to strengthenits master's programme in computer scienh.
ACAP endorses the consultants' view that the proposal for a PhD
programme in compUter science be deferred (see recommendations

6, 17., 24 and 34-otifthe consultants' report).

McMaster University

McMaster University offers doctoral studies in pure mathematics including
probabilit#theory,andmaster's prpgramies in statistics and computer science.
Although the quality and reputation of the faculty in several fields of pure
mathematics were recognized, the quality .(51 both master's and doctoral theses

was seen to be*acceptable but not outstanding. The desirability of giving

attention to some aspects of applied mathebatics in theproogram* was noted'.
Concern was expressed about the fragmentation of graduate work in statistics
and the Urgent need to unify graduate teaching and research -in this area. The

hgterogeneity offaculty quality and the'narrow scope of the MSc theses in,

statistics were mentionedalthoughothe existencet of impressive sttength in

another department was also noted. ACAP is pleased to note that the univer-
sity is undertaking a reorganization of its graduate work in statistics and

supports the consultants' recommendation for appraisal. Finally, the inter-

disciplinary MSc programMe in comOuter science appears to be attractive and
is supported by related research strength in chemical and electrical engineer-
ing,but does not appear to have the desirable strength in theoretiCal cod-
puter science. '

.1
Recommendation C12.

It is recommended, that McMaster University:,

i) continue its graduate'programmes tn pure mfthematics,

ii) complete,the reorganization of its graduate work in statistics
and submit the revised programme for appraisal, ceasing to
enrol new students after DeCembeL 31, 1977,until,a favourable,
appraisal has been obtained,

Lt. 4
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iii) -strengthen its faculty with respect Co tare subjects in com-
puter science and, continue its masfer's programme,

(See recommendations 7, 25 and 35 of the consultants' report.)

See-also recommendation; C6, *pre 15.. C

, University of Western Ontario

The University of Western offersOntario o ers the PhD in the three areas of mathe-

maticsmatics and a master's degree in computer science. The undergraduate honours

programme at Western is of high quality and the students are well prepared

for-master's work. The consultants expressed some concern over the narrow-

ness of the PhD programMe in pure mathematics. The main research strength

is in summability theory and there is also some strength_in algebra, The

consultants feel that the addition of several strong research mathematicians
is vital to:the maintenance of a strong doctoral programme. They also

suggest a closer liaison with the applied mathematicians, several of whom

*enjoy international reputations. The latter area is well covered at the

master's level but the departirent:i's unlikely to achieve its full potential

until a number of organizational problems involving-mathematics, mathematical

physics and theoretical physics are resolved. ACAP joins the consultants in_

hoping that the eternal reviews now under way will produce-some positive

recommendations for applied mathematics at Western, The consultants comment

'on sources of strength in statistics bUt also note certain weaknesses 4n

relation to course offerings and theses. ACAP is pleased to learn that the

`university is prpceeding with the unification of the organizational arrange-

ments for statistics and supports the consultants' recogmendation for appraisal.

The master's programme in computer science tas been very successfi but the

consultants believe that raising'admissidn tandards would be more beneficial

than increasing enrolment. They also indicate that the overall research

record
N.of the department is not strong enough to justify-theproposed doctoral

programme and suggest that the-occasional PhD student might plioceediunder a

cooperative arrangement with Waterloo and Toronto.

Recommendation C13

It is recommended that the Nersity of Western Onta0.:

i) continue its master'- ramme in pure mathematics and submit

its doctoral progr for appraisal, ceasing to enrol new stu-

dents after Decem' -r ', 1977, until a favourable appraisal ha§

been obtained,

ii) continue its 'graduate programmes in applied mathematics,

iii) submit for appraisal its graduate programmes in statistics,

ceasing to enrol new students after December 31, 1977, until

a favourable appraisal has been obtained,

iv) continue its taster's programme In computer science but defer

implemehtatiqn of"its propqsed PhD programme as suggested by

the consultants.

3d
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(See recommendations 8, 18, 26 and 36 of the consultants' report.)
See also recommendation C6, page 15.

Universittof Windsor

4

The University Of Windsor offers doctoral studies in- the threarareas_of

mathematics but has no graduate work in computer science. The consultants

'expressed concern about the viability of the PhD programme inVure matte -

matics. The faculty is young and tenured and a vacancy for a necessary - 4

senior mathematicianaeems unlikely. The enrolment is low; only three

doctorates have been graduated since the programme began. Again, doubts

were raised as to the number of wall Aualified Canadian students that will

be attracted to the prodamme. In applied mathematics, doctoral work centres

around the mechanics of solids and fluids and applied analysis. There is

good cooperation between the mathematicians and the engineering departments.
the doctoral theses are of current interest and good quality. The gradute

programmes in statistics are of satisfactory quality but the consultants

point out the need for Alt least two strong research-oriented appointments to

the faculty. Cooperation between statisticians *rid other faculty members

throughout the university is commended. ACAP wishes go draw to Ithe univer-.

city's attention the possibilities of,couperation with other universities.

-Recommendation C14

It is recommended that the University of Windsor:

i) continue its'master's programme in pure mathematics and submit
its doctoral programme fox appraisal, ceasing to enrol new
students after December 31, 1977, until a favourable appraisal
has been obtained, ,

ii) continue its graduate programmes in applied mathematics,

iii) strengthen its staff in probability and statistics by the
addition of two Strong, research-oriented members or submit

,its doctoral progratme in statistics for appraisal, ceasing to

enrol aew student§ after December 31, 1977, until a favourable e

apRr al has been obtained,
(See rec...endations 9, 19 and 27 of the consultants' report.)

University of Guelph

Guelph offers a' master'a programme in pure mathematics, applied mathematics

and statistics. At present, there are no students in the pure mathematics
programme; the applied mathematics programme has enrolled one part-time

student. The consultants made no recommendations concerning either of these

programmes but suggested that Guelph might offer a single set of courses at

AN.

3t)
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the master's levet emphasizing statistics.' They suggest that the current
.

programme in statistics should be "continued, fostered and better advertised
in viewOfithe healthy atmosphere generated by the applied reeeNrch"carried

out at the University." The master's.peses.irom this programme are of higk.

, quality. The ensultants suggest that doctoral students froth Waterloo might

t
be encouraged work with Guelph faculty on agricultural and biological

-problems. .In te computer science area Guelph has withdraWn its plans for
a tester's' programme Again, it is suggested that Guelph arrange to .have
its faculty become involved with programmes at other universities."

,

Recommendation C15

It is recommended that the University of Guelph continue its
----master's programme in statistics and consider the consultants'

comments and suggestions concerning its work in pure and applied
mathematics, reporting to ACAP on the results of its deliberations
not later than May 31, 1977. If the decision of the university

Is to retain separate master's4programmes in-pure and applied
mathematics, they should be submitted.by September 30, 1977, for .

review by the Appraisals Committee (see recommendation 28 and
pages A-39, A-50 and A-61*of the consultants' report).
See also recommendation C6, page 15.

Lakehead University

.Lakehead offers a master's programthe i/ pine mathematics and has eiproposal
for an interdisciplinary master's programme in applied computer science.
The graduate programme in pure mathematicsis-founded on a firmly established,
well balanced undergraduate programme and is actively supported by all faculty

members. The theses compare favourably with those produced at the other uni-
versities but the consultants note a failure to attract Canadian students.
They suggest that the_programme be expanded to include all fields of pure

mathematics. No recommendation was made about the computer science proposal
as it is only at a preliminary stage. However, the university was advised

to consider tI need to attract sufficient Canadian,students and to allow the

faculty enough to become active in research before implementing the
programme.

ACAP'does not accept the university's comment "We belieye that, while the
ACAP advisers were careful to restrict their comment to the area of pure
mathematics, we are justified in reading into these comments approval of our

.
entire program, and plan to proceed on this basis." Apart from the field.of
applied analysis, the areas of applied mathematics and statistics do not show
,adequate staffing to mount an unrestricted programme.

#.

3
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Recommendation C16
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\
It is recommended that Lakehead Unwersity: 4

i) continue its master's programme in pure mathematics and applied
analysis and consider the consultants' suggestion to submit for
appraisal a master's programme in pure mathematics, unrestricted
in scope and offering the degree by course work or thesis,

.ii) defer until 1979-80 its proposal for a programme in applied
IPcomputer science in the'light of the consultants' comments

ea.

concerning the need for additional staff and the development
of an adequate level of research activity.

(See recommendat.ion 10 and page A -70 of the consultants' report.)

n

7
York University

York University offers an unspecialized MA in mathematics and plans to develop

a master's ,programme in computer science. 'Special strength exists in_combina-

torial group theory (best in the. province),' classicai analysis and probability,
bUtthere is-weakness in other areas, particularly in statistics. Faculty

resources are not used tdPithe best advantage And the existing programme 'suf-

fers from small enrolments. ACAP is convinced that cooperation with other
nearby institutions,notably Toronto, is essential if the full potential of -

York's faculty.is to be realized without major additions to the staff. Perhaps

embers could serve as thesis advisors to doctoral students at Toropto and

Waterloo. -It'is noted particularly, that the strength in statistics at
Toronto and York are complementary and cooperation in this area would be

beneficial Co both programmes. The consultants suggest that York should

develop its work in probability for part-time studies and Should consider a
specialized MSc in applied probability. qf the proposal for'a programme in

computer science is developed, two new appointments shdold be made and the

details of 0Toperative arrangements with other universities should be spelled

out.

RecotmeAation C17

It is recommended' that York University:

i) con nue its, unspecialized master's programme .in-mathematics---

ii) consider the consultants' recommendations concerning part-time
studies and/or a specialized MSc programme in applied proba-

bility,

iii) Kive serious attention to the recommendations of the consul-
tants concerning its proposal for a master's prograMme in com-

puter science.
(See recommendations 11, 29 and 37 of the consultants' report.)

'See aljo recommendation C4, page 15.

3 L,
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LIST OF RECOMMENDATIONS

Recommendation Cl

Ih

4

It is,recommepded that the universities give careful congidera4On to the
'comments of the consultants and plan their doctoral admissionstbensure for
each of the areas,a reasonable balance between the, number of gvaduates and
the employment-dpportunities.

It is also recommended that the universities plan for roughly stable full-
tf.Meenrolments.at the master's level but be prepared to adjust their sights
in response to any notable change In the employment market.

It is strongly recommended that the universities examine their enrolment/
graduation data to determine the undarlying.cause for the high ratio of
enrolments to graduations'and work with the discipline group to Apablish
what action, if any, is needed (see also recommendation C3, page 11).

Recommendation C2

,7It is recommende that part-time study at the master's level be made avail-
able when appropriate and practicable.'

'.,

Recommendation C3
Sr

It is recommended that the Mathematical Sciences Discipline Group review
the enrolment-employment situation annually and make appropriate recommen-
dations to ACAP to adjust the target. objectives if this is warranted.

It it,also recommended that the discipline group report to ACAP by May 31,
1977, on the seemingly high enrolment /graduation ratios, making specific

recommendations if this seems approprilte.

It is'also recommended that the discJline group,'in addition to its normal
--':role;" undertake a study of the many icommendations of the consultants in
chapter LII that deal with matters-of collective concern. The group should

report to ACAP before May 31, 1977, on the desirability, feasibility and,
where appropriate, the implementation of the actions proposed in( recommen-
clarions 38, 39, 40, 44 and 45 of the consultants' report.

3.1
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Recommendation 'Cif

It i recommended that the University of To.ronto and York linive0ity report
to ACAP by December 31, 1977, on progress in connection with:

i) the involvement of York faculty in the supervision of research
students at the University of Toronto (see recommendation 11,
page A-42),

ii) the developmentof a regular'statistical seminar involving the
collaboration of both groups (see recommendations'20 and 29,
pages A-55 and A-62), and

iii) the proposed programme in computer.scieUce at York, if it is to
. involve "collaboration with the University of Totonto (see recom-

mendations 30 and 37, pages 1-64 and A-71).

Recommendation CS

It is,recommended that Carleton University and the University of Ottawa
repOrt to ACAP through the Joint Ottawa-Carleton Committee for Graduay,...c.
Studies by December 31, 1977, on progress towards:

i) a cooperative programme in the field of information and systems
science (see recommendations /5 and 16, phges'A-47 and,A748),

ii) increased collaboration among the statisticians of_tli'ettto
universities (see recommendations 22 and 23, pages A-57 and A-58),
and

iii) the development of a comprehensive joint programme of academic,
work in computer science for the Ottawa area (see recommendations
32 and 33, pages A-66 and A-67).

.

Recommendation C6

It is recvmmended that. Guelph,"4.4cMaster

di

and Waterloo tniversiPies and the

./
University of Western Ontario discuss the possibility of colaborattonin
the variety of way's indicated by the consultants and cepOrt to ACAP by
December 31, 1977, -(see recommendations 21 and 28, pages A-56 d A-61 as
well as comments in Chapter t

I'

*46
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Recommendation C.7

It is tecommended hat the Univertsity of Toronto'con,tinue its graiaie pro-
grammesgrammes in all'four eas of the'mathematical sciences (see recommendations
2', 13, 20 and 30 ,of the-consultants' report).
See also recommendation C4, page 15. 41

Recommendation C8
cr.

ft is.recoppended that the University of taterloo continue its graduate pror
gramme's in it four areas of the mathematical,sciences (seerecommendations
3, 14, 2i and 31 of the consvltants' report).

f See also. recommendation C6, pap 15.

-
Recommendation C9,

/NW

It is recommended that Carleton
.

Uni4e'rsity: \
Prt,'

', .

i) -eontidue its-doctora1 programme's in pure and applied Mathematics and
st#tratics w e precise def n of the fields offered in the
applied area,

ii)'implement its interdepartmental 'prOgra in informatiod and sysiem's
science, after consultation with the Uni ersfty of Ottawa As-called
,for ,in raccimmendationC5, and giving ful consideration to the
consultants'' View_on'the role of statis ics and probabiliV in this
field.

(SeeripcommZn4ations 4,. 15, 22 and Y2 of t suItmpts' ite;pant,,)

,See also re.cdtimendation'C5,1Page 15. A

.

,-,

Recommendation C10 -

t Sfr,retommendedthat tie University of Ottawa:

. 1.Y,continue master's programme in pure hemetics, develop And
fbr appraisal its prciposed MA(T) ogramme and:submit its

0 doctoral programme in pure mlthematics fo appraisal, ceasing to
enrol new students. after December 31, 197 until a_fatourable
appraisal has been obtained;

.P.
ii) .continue Alta master's prograMme in applied, thematics, develop

,'an interdepartmental prOgraMme'in-m4hematica sit4 submit
its doctoral programme in applied mathematICs for ceasing

110 to enrol new students after-December 31', 1977, until a favourably

, 4b.

.,
appraisal has been obtained,

1

"
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I

11 iii) submit its interdisciplinary master's programme in general systeins

and'infdrmation sciences for appraisal, cea4ng to enrol students
0,_:after December 31, 197), until a favourable45ppraisal, has.been

obtained,,
iv) 'sUbmit.its master's and doctoral programmes in statistics ,for

appritsal, ceasing to enrol new students after December 31, 197/,
until a favodrable appraisal has been obtained,

v.) defer further development of proposed master's programme in
iamputer science pending the results of the discussion called for
!!" recommendation C5'.

(See recommendations 5, 16, 23 aWd.,...31 of the consultants' report:)
See also recommendatiqn C5, pSge 15.

111P,

Akommendation Cll

It is recommended that Queen's Univtrsit continue its doctoral programmes
in pure and applied mathematics and statistics and continue to strengthen
its 'master's trogramme'in computer, science. ACA? endorses the consultants'
view that the proposal for'h PhD programme in computer sciencebedeferred
(s'ee recommendatfbns 6, 17, 24 and 34 of the consultants' report).

Q
Recommendation t12

It is reco me ded that McMaster Un% iversity: t

i) inde its graduate programmes in pure mathematics,
Ai) c prete the reorganizatioh of its graduate_work ih statistics

and submit the revied-rogramme for appraisal,'ceasing to enrol
new student.s. after`becember 31, 1977,until a favourable appraisal
has been' obtatined,

iii) strengthen its faculty with resnect to core subjects in computer
:science and C'oltinue itssmaster'S programme. .

(See recommeridnaRns- 7',25 and 35 of the consultants' report.) .

Set 41sb recommendation C6, page 15.

Recommendation 1C13 .

.

S

it is recomende,d that the University of Western Ontario: '

continue ,its master's.programine in sure mathematics and.slmit its
doctoral programme foVappraisal, ceasing-t0 enrol new statents
after December 31, -19771,..)uoilj., a favourable appraisal-has been

obtained,

(1 41 ,.
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ii) 'continue its graduate programmes in applied mathematics,
iii) subilit for appraisal its graduate programMes in statistics,

tceasing.to enrol new students after December 31, 1977, until

a favourable appraisal has been obtained,
iv) continua its master's programme in computer science but defer

implementation of its proposed PhD programme as suggested by
. . ,

the consultants.
(See recommendations`8, 18, 26 and 3,6 of the consultants' report.)
See also recommendation eh, page 15..

glY

- Recommendation C14 4

It is recommended that-the University of Windsor:

i) continue its master's pro e in pure mathematfts and submit
its doctoral prdg or appraiSal, ceasing to enrol new
students after December 31, 1977, until a favourabe appraisal
hasbeen obtained,

ii) continue its graduate programmes in applied mathematics,,
iii) strengthen its staff in probability-and stati'stics by the

addition of two strong, research-oriented members or submit its
doctoral programme in statigtics for appraisal, ceasing to enrol
new studentshafter December 31, 1977, tintil a favourable appraisal'
has been obtained.

(see recommendations 9, 19 and .27 of the consultantps' report.)

Recommendation C15

--, - I
. .

. It iT recommAnded thtt the University of Guelph continue its master's(
of

programme in'statistics and consider.the-consult,ants' comments and
suggestions-concerning its work in pure and appliedmathemaics, reporting
to ACAP on the results of its deliberations not lacer than May 31, 1977.
If the decision of the university is to. retairi separate master's prcrgrammet
it pure and applied mathematics, they shouldshe submitted. by SepteAber 30,
'1977, for review by the Appraisals Committee (see recommendation 28 and
,'pages A-39, A-50 and A-61 of the consultantst_report):\
See also datton C6, page 15. .

;

t 4.*1i--

.1
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Recommendation C16

It is recommended that Lakehead University:,

i) continue its master's programme'in pure'mathemat.its atd applied
analysis and consider the consultants' suggestion to submit for
appraisal a master's programme in pure mathematics, unrestricted
in Scope and offering the degree by course work or thesis,_

ii) defer until 1979-80 its proposal for a programme in applied
computer scieve in the light of the consultants' comments con-
cernin; the need for additional staff and the developmentof an
adequate level of-research activity., °

(See recommendation 10 and page A-76 of.the consultants' report.)

a

Recommendation C17

It is recommended that York University.: ,

i) continue its UnsPecialized Taster's programme in matheMatits,
ii) consider the consultants' r&commendations concerning part -tune

studies and/or a specialized MSc programme in applied probabil;ty,
iii)- give seriqus attention to the *recommendation's ,of the consuLtantio

concerning its proposal for' a Master's programme in computer
science.

(See recommendations 11, 29 and 37 of the consultants' report.)
See also recommendation C4, page 15:,.

4.,
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CONSENTS OF OCGS TO COU ON THE

ACAP REPORT ON THE'MLTHEMATICAL SCIENCES.

ACAP and the consultants are to be congraftlated on producing a report that
is both clear .ind generally agreeable to the widely varying disciplines
covered under the umbrella,of the mathematical sciences.

OCGS concurs with the recOmmendations as set forth and would make the
following comments.

Recommendation C3-which states

It is recommended that the Mathematical Sciences Discipline Group
review-the-enrolment-employment gituation,annually and make appro-

. priate recommendations to ACAP to adjust the target objectives if
this is warranted.

It is also recommended that the discipline group report to ACAP
by May 31, 1977, on the seemingly high enrolment/graduation ratios,
making specific recornmehd tions if this seems appropriate.

It is also recommended that the discipline group, in addition to
)

'its normal role, undertake a study of the many recommendations of
Kihe consultants in Chapter'III that deal with matters of collec-
ve.concern. The group should report to ACAP before May 31; 1977,

on the desdrability", feasibility and, where appropriate the
-implementation bf the actions proposed in recommendations 38,39,
40, A4 and'.45 of the consultants' report.

. \ . =.

is strongly supported. It is hoped that any provision for the participation

-of faculty from one-university .n the graduate pkogramme of another would
extend to.quarified faciultPovef.the system as a whole, and not just to
departments with some form of graduate programme in one area of mathematics

or another.

OCGS also underlines the importance of the following recommendationsior'

regional cooperation:
I t

C4: I is recommendedlobat the University of Toltioand York Univer-
sity report to ACAP by December.31, 1977, on progress in connection,

6 with:. 4

i) the involvement of for& fackilty in the supervision Of research

studentsat the University of Toronto (see recommendation 11,

page A-42), .

ii) ;the development of a regurar4..tatistical seminar involving 4Awr--
. tollaboratiOn of both-groups '(seerecommandations 20 and 29,

pages A -55 and A-62), and

iii) the proposed programme in computer science at York, if it is to
involve collaboxatiOn with the University of Torbuto (see_recom--
mendations ,30 and 37, pages A-64 and A-71).

4J
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C5 It is recotmended that Carleton University and theibniversity of
Otta4a report to ACAP through the Joint OttaWalarleton Committee
fcit Graduate Studies by December 31, 1977, 'on-progress towNds:

i) a cooperat4.veprograMMe in the field of &formation and sys-
tems science (see recommendations 15 ed-416, pages, A-0 and
A-48),

ii) increased collaboration among the statisticians of the two
universities (see recommendatidfis 22 %d 23, pages A-57 and
A-58), and

iii) the development of a comprehensive joint programme of academic.
\\./work in computef science fOr the Ottawa.area (see recommen-

dations 32 and .33, pages A-66 and A-67).,.

It is recommended that Guelph, McMaster and Waterloo universities
and the University of Western Ontario discuss the possibility of
collaboration in the variety of ways indicated by the consultants
and report to ACAP by December 31, 1971, .(see recofimendations 21 and
28, pages A-56 and A-61 Is well as comments in Chapter III).

Recommendation C2 which states

It is recommended that part-time study at the master's level be,
made available when appropriate and practicable.

is parvicularly appropriate in the more applied areas of statistics and

computer science.

The recommendations calling for external appointments to sup rvisory com-
mittees and for more inreruniversity statistics seminars ma be appropriate.

To encourage interuniversity'exchanges in the mathematical kciences support,
both moral and financial-,. is require& The lower level of federal research
funding in mathematics -when compared with the physical and biological sciences
may not'permit as much travellin4 as would be desirable.

A
Computer science,'in a position on the boundary of mathematics, and applied
science and engineering, should not be pushed into an over emphasis on either
pure mathematics or straight hardware problems, but must maintain strong roots
in both aAas. One should.tot be strengthened at the expense of the otter.

Asis clear from the ACAP and consultant' reports, problems arise from the
presence of many departments and programmes within each university, encompassing
the diverse disciplines of the mathematical sciences. Each university should
consider some toordinating body to catalogue and correlate; interests of a
mathematical nature because'in many instances appl=ied mathematics is found in
departments of the socia , physical, biological and engineering sciences.

is regretted that thex is no direction regarding the introduction of new ,
Master's 1rogrammes either.fn -specific.pr general areas or of an interdiscipli-
nary n41Vre.

January 5, 1977

4.6
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.

RESPONSE Qt THE DISCIPLINE GROUP O' THE MATHEMATICAL SCIENCES

.

TO THE ACAP REPORT

ON THE MATHEMATICAL SCIENCES PLANNING ASSESSMENT

The Discipline Group would like to make several comments, on the ACAP Report
''to be cons0.dered.in conjunction with..Our earlier response to the Consultants'

Report.

1.- OPTIMAL NUMBER OF GRADUATE STUDENTS.

We are in.basic agreement with the statement that thq.pr,gsent number of
M.tt. students is of the right order (Recommendation Cl) although the suggestiop

.
that part-time studies be encouraged (Recommendation C2) could lead to a,small
increase in the size of master's prcsgrams.

Witn regard to the suggested numbers of Ph.D's per year, the Discipline
Group is satisfied with,the concluSions of the Report concerning Pure Mathematics

and Computi Science. As is pointed out in the-ACAP Report, the present enrol-
ment figureg7in Applied Mathematics and Statistics appedr to be compatible with
the suggested number of 10 Ph.p.'s per annum in each of the two areas. The

0 Disfipline Group feels, nevertheless, that it would be unwise to adopt a figure
of 10 for each of 'these areas for the coming years. The reasons for this are

given at the bottom of page 2 and the top of page 3 in our response to the Consul-
tants' Report.., They are, briefly, that in Statistics there do not appear to be
enough Ph.D's available for the positions presently available and that in, the case
of both Statistics and Ap'plj.ed Mathematics the possibilities of non-academic
employment could make the figure of 10 too small in the very near future.

2. EVROLMENT/GRADUATION RATIO AND LENGTH OF PH.D. STUDY

In Recommendation Cl it is strongly recommended that the 4niversities
examine their enrolment' and graduation data to determine the underlying cause
for the high ratio of enrolments to graduations. In the three academic years
19.72 - 1975 this ratio is 4.9, 5.9 and 4.3 respectively. It is higher for the

year just past but we feel that the graduation figures are incomplete (the date
of-the table-is June 17, 1976). We do not find these figures at all excessive.
If we assume the students who go suas to Ph.D. studies finish their master's degree
.in one year and if we also assume that a period of four to five years after the
B.Sc..is appropriate for a Ph.D., this would lead to the conclusion that, without

'any'attrition at all on the Ph.D. 'level, the figures should be about 3.5. --If we
use this figure in 1974/75 for example, this would mean that 89 students out of

310 shou,ld graduate.whereas hi were qply 71 graduates - the difference could
be accounted for by 18 students dropping out during the year. We fail to see

how these figures can be interpreted as excessive. Thly seem to us entirely
normal and desirable and we do not believe that furthION'action on the part of the
universities or the Discipline Group is appropriate.

A closely related matter is, of course, the desirable length of.time for

Ph. . studies. The Consultants (second paragrAph, page A-15) state that the
time required for the 4octoral degree should not exceed three or four years of
full-time study beyond the baccalaureate under normal circumstances and this

'length of time appears to underline the ACAP calculations leading to the part of
.Reoomeendation Cl alluded to above. As we have already Painted out in our response'
to the Consultants' Retort, the Discipline Group disagrees with this view and feels

4
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that a more appropriate figure for the length of Ph.D. study beyond the
baccaliuteate is four to five yearp, especially in view of the statement by
the Consultants that more comprehensive requirements for graduate students and
increased epphasis on quality are desirable.

3. SIZE OF GRADUATE PROGVAMS, INTER-UNIVERSITY COLLABORATION AND GRADUATE SUPERVISION

The ACAP Report supports many of the Consultants' views on these topics and
we would like to refer to our reactions to them on pageg 4,-5 of our response to

the Consultants' Report.

4. MASTER'S DEGREE
.No 0'.

Again we would like to -refer to our statement on page 5 in our response to
the Consultants' Report on this topic. 4

5. UNIVERSITY RECOMMENDATIONS

As already noted in the first.paragraph on page 6 ofour response to the --

Consultants' Report the Discipline Group is unhappy with tl statement on page
14' of the ACAP Report on Computer Sciende, since it might be interpreted as
implying that Computer Science should strengthpn its ties with the other areas
of the Mathematical Sciences at the expense of its ties with other university
disciplines swch as Science,, Engineering-and Social. Sciences.

AO

Although the Discipline Group'does not wish,to takkissue with the requests
.fpr the reappraisal of certain graduate.programs, there was some dissatisfaction
expressed about the short length of time given-to the univefsities to implement
some of the recommended changes before such appraisal takes place. A motion was
passed, (5"in favour, 3 against, 13 abstentions) that, ri\those cases in which
the university,feels that the allotted time isinadeq ate, the proposed deadline
for reappraisal be changed to December 31, 1.978.

4 There was also some discussion in the Discipline Group about the judgments
rendered on Ph.D.-theses at certain universe ies and we again refer t6 our state=
ment on page 6 of our response to the Consul ants' Report on this matter.

-t

4.J



35

THE PRINCIPAL
AND 'ICI ',:CF *OR

Dr. H. H. Yates
Executive Vice-Chairman, bCGS-
Council of ,012tario Universities

130 St. George Street, Suite 8039
Toronto, Ontario M55 2T4

Dear Dr. Yates:.

t.

Ilk

1

h. 'in

k7I .ti

I '

8 December 1976

I am writing to state that Queen's. University is
satisfied with the ACAP Report on tie Mathematical Sciences
Planning Assessment, and does not wish to submit any comments
except its general appro of the Report as related to
Queen's"University.

There is no objection to the publication of this
reply.

4

Yours* sincerely,

Ronald L'.11AWatts

Principal and Vice-Chancellor
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as

UNIVERSITY OF TORONTO

'School of Graduate Studies

Toronto. Canada 4k5s in

December lf, 1976

Dr. H.H. Ya es
Executive Vi ce- Chairman
Ontario Coundil on Graduate dies
Robarts Library, 8th Floor ('Suite 8039)
130 St. George St.
Toronto, Ontario

Dear Dr. Yates:

477.1177

I am writing to y that the University of Toronto does
not wish to e any further comment on the ACAP report
on the "Math= atica Sciences for.COU's consideration.

I should be glad, however, if you could convey to ACAP, .
and to the consultants, the University's thanks for a

'report whom' constructive criticism has been very h ful
to us. With-out going into detail, we have now foun an-

. organizational solution which will greatly aid our
programs in statistics; a review of applied mathematics
is.also underway. Universities (even this one '.)
occasionally 'heed such an external review to spur change;
I.am glad to be.able to say that ACAPN& confdden in this
University's willingness and ability to deal with t e
issues raised by tie- consultants has not ,been mispla d;

Yours sincerely,

3MH/ss

Ar

701a1,

James M. Ham
Dean
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Dr. H. Yates

Executive Vice-Chairman
Ontario Council on Graduate Studies
1.30 St. George Street

Suite 8039
Toronto, Ontario
M5S 2T4

( ) NV I N4) S 0 12
WINDSOR. ONTARIO N9B 3P4

TELEPHONE AREA CODE 519
253.4232

February 1, 1977

Dear Dr.-Yates:

I write in reply to recommendation C14, iii), of the Report to COU
on-the Mathematical Sciences. -.sok

It s 'recommended that we strengthen our staff.in probability and
statistics By the addition of two strong, research-oriented members
or submit our-dot-C=1 program in statistics for appraisal, ceasing
to enrol new students after December-31st, 1977, until a favourable
appraisal has been oktained.f

A
While the consultants were already engaged in preparation of their
Report we had reached a "similar Conclusion, and.had_advertised in
the Fall of 1975 for the first of these appointments. We were able
to make a suitable appointment.in early 1976, and the appointee is
now on staff:

Shortly thereafter another vacancy occurred in the Department of
Mathematics, and it was agreed that 1t would be assigned as a second,
additional appointment in statistics, and it is currently held by a
scholar of repute and much-teaching experience, whom we.hope Will be
willing to join our staff with full tenure, in due course.

As the forgoing would i icate the Univers' of Windsor had accepted,
n advance of the consultants' recommenda e need for moo, research-

o ented appointments, and has already pro ded them. I would accord-
ing y.suggest that it should be noted that t condition now specified
in the Report to COU the Mathematical, Sciences, in respect to our

. program in statistics, has been fully met.

JFL:sp

w.
Yours sincerely;

e

1,

J. F. LeddS,

__President

J i-
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The Pniversity of.Manitoba

Department of Physics
Winnipeg, Manitoba R 3T 2N 2

April 27, 1976

Dr. H. H. Yates
Advisory Committee on Academjc Planning ,

Appraisals Committee'
Ontario Council on Graduate Studies
130 St. George Street, Suite 8039
Toronto, Ontario
M5S 2T4'

Dear -Di. Yates:
.4

4

0.414401

UM

You 011find our report on the- mathematical sciences
enclosed. We wish to express our appreciation to the
nothematics departments. of the Ontario universities for their
careful attention to the preparation of the vartous.documert'ts
and forms required for an ACAP a1sessment of-graduate programs.
We are indebted to Miss S. Cale who reduced the vastamouQt of
data to a farm suitable for the teqes and figurefti.,She also
arranged the mechanics Of-our viiits to the univer5fities"with,
great efficiency. also.thanNIPou, and your predecessor,
D.r., M. A. Preston,-for information and advice.

Although-we have attempted to produce a report free of
errors, 5ome may occur. However, if there art/ any we do accept*
full responsibiity for them.

We hope this report is acceptable and useful.

Yours truly,

Cru-fr-tiA

G. .E3i rkhoff ,

D R CPU,

D. R. Cox, and

A
A. H.1orrts4
Conulta-ht.v-

:

T
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PLANNING ASSESSMENT OF THE MATHEMATICALSCIENCES IN ONTARIO,
0 .

,

CHAPTER I'

. ,

1. Introduction. O

PRELIMINARIES

,

' This report is concerned with the graduate programmes'fn the .

mathematical sciences offered at the Ontario universities. It was tom-
miSsioned by the Advisory ,Committee on Acardemic Planning (ACAP), a com-
mittee of the Ontario Council on Graduate Studies (OCGS) which in'turn
is an affiliate of the Council of Ontatio Universities (COU)( The terms ,I

. of reference are reproducei in Appendix I. It is useful:to elaborate on
/

..,

some aspects of these eorgt, and to indicate how they were interpreted
g

41.AV implemented; this is done in section 1-2. .

'4 ------,
-,

6 TARevel of activity in the mathematical sciences at preseht
is discussed in.seiiion 1-3, and compared with that.fn.Canada as a Whela,

% and id other countries with'similar traditions. Some'remarks on the
'1 - degree ofautivity and relative quality will be made. The role of the

,master' ;Illige, doctoral prOgramme will be,discUssed in*section.I-4.
r

Next, e stuents, their preparatCo and distribution between areas,
and universities,. will be conside in section 1-5. The current employ-
ment prospects and limitations on enrolment will be ifiterrelated in

ction 1-6. Chaprer.I will then be concluded by some general remarks
n section 1-7. -

.

Chapter II is concerned with detailed reports for different mkt'

he main body of the :report; and presents Our%emst.al con:lusions'andir
Oft

.

eas of mathematics and for different univer itiAs Chapter III concludes

recommendations. 4 %

' '- FourteXrdi,sciplines have been assessed by consultants appointed,
lux.ACAP. ,The forMat off4ke reporti presenting these assessments, the_nature
of the arguments used, and the degree of acceptance and usefulness have.
influenced, positively or neptively, this report on the mathematical sciences.
Especia maption shoulibe mUe of the COU'Report 11B on Electrical Engin-
eering-(1974), and of the COU Report 14 on Physics and Astronomy (1974). ,

. . ktr 40 g tnwcourse Of the present investigation, Background Study,
38, sAlsore 'y the Science CoUncil of Canada, entitled Mathemaacae,
Seiencez in Canad *bY A. J. Coleman; ,G. Du- Edwards and K. T. Beltzner,
became available. Their terms reference'were broad; they were to
Aconsider the#kiMpa dextent. he usage of mathematics in Canada, to
evaluate theliresent:types.of tesearCh, to estimate present and future
manpower supplies.and needs, to examine trainting methods, as well as
other matters. The influences of mathematics at all levels, including
the intdbctions of mathematicians tilp users of mathematics were, described
by the estive phrase "mathematical ecosystem ". This ambitious'and
imagin tiye report can be read with profit bY:_all interested in the

e*

t_
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'

mathematical sciences. Its relationship to the present report is tiowever
peripheral, and it will be referred to only occasionally.,

,' "Other sources of information used as general background tended
to be more specialized. Examples are Statisticq Canada, and,the pe'Lury .

report on statistics at the University of Toronto. Any use of such litera,
ture will be noted at the.pertinentpait.of the text. *

' i 0

.1'
,

2. Procedures,
0

4 i.

. /'

itie mathematical sciences have undergode great growth all
. :,

over the.wald in the past twenty years. At one time,, it was primarily.
Jor physics, chemistry, and engineering students who neededla knowledge of

I
# ,mathematics for use in their subject. Nowadays, the list of u4rsis

vast, and includeSmos disciplines in the biological scienCes'and the
social sciences,'and, although to a lesser degree, even some students in'
-the humanities. Computer science, which after some hesitation has pro rly
settled-into al6athematics setting, is d'major new development A arge

faculty In mathematical sciences is reqtliredlust to satisfy undergraduate
teaching needs. In addition, there have been major expansion and develop-,
men at the research level,in most branches of mathematics, which are at
Feast comparablet those that have occurred in several, other subjects in
'the past two decries.` In.pure mathematics the growth has been particularly1011
great; an emphasis on abstractness haS'fdeveloped since World War II .

which however, now seems to love passed its peak: The range of applica-_
tions of mathematics has also greatly increased in the past fifteen .

.

yeais;,thistexpansion has important 'inprications not only for the intel-
11%

'Iectuakl, vigor of thirsubject, but also for the number of employment pios-
6 . pacts. ,.- ;

.

, .

.
, . ,

......-

.

*, The end result is that the number of mathematician's on Univer-
sity staffs is much Larger than fOf many other traditional di4ciplines,

,
such as chemistry or,physics: Indeed, at many universities the thathe-

i matics personnel comprises Abse.to 40% of the total in a faculty of
ii

An' : dstience. even greater Variant is to be found'in Ontario at ile UniVer-

-Sity..,of Wate oo, where a faculty of ma&matics txists, and which ig
one of the largest 'faculties'on that, campus.

)

' Prom the'outset,it must have been clear:thSt'a planning. assess- -

mentwfof-toehematical sciences in the Ontario universities was beset with
procedural problems. It'" decided by ACAP, in consultation with its
mathematics discip ommittee, to divide the matheMatic4,14sciences
into four major a eas, namely,

(1) pure mathematics
(2) applied Mathematics

..

(3) s stics, and

(4) c mputer science. (4,

`, ;

This choice has at least the merit gi.c,:mrespondine to the departmental
structure employed at someuniversities, both witNipcansda,,and'aiirohd.

1
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, There are, however, anomalies. In Ontario-there exists4Ohly one depart-

ment with the name 'oure' mathematics', and only one called 'statistics',
although there is 'one 'institute of applied statistics',. One department
named 'applied mathematics' is primarily concerned with statistics and ,

computer science.

'These four areas haw been further subdivided intolds;
°they are listed in Table I. The fields are much more, arbitrary in ,

nature, and_sre certainly not mutually exclusive, either as to area,

or as to field
i

for example: probabilitythseryc listed under statist its.
could also be assigned to pure mathematics; applied analysis,1Asted under,
applied mathematics, exists also as a form of pure mathematics in some
universities; and computer science ten includes a,good deal of numerical
analysis. Even more troublesome from point Of view of ax assessment,
is the mathematital component in other departments or faculties: Examples
are applied mathematics in the areas of'physics, chemistry, engineering,-
and economics, and statistics in a host of other.departmeots.

It is important to note that some fields that may be 'classed as
mathematics are not expIdcitly identified in Table I. Examples are
actuarial science, business Mathematics and accountancy, and Operations 1 .

research. Such fields could of course be listed as 'other' in Tatae I..

'ACAP decided to appoint eight advisors, and assign two to each .
area (see terms of reference, Appendix I). The advisors chosen were:

(1) Pure Mathematics: W. A. J._Luxemburg
N. S. Mendelsohn

(2) Applied Mathematics: I. N. Sneddon-:
M. Wyman

(3) Statistics: D. R. Brillinger
W.11. Kruskal

(4) .Cohputer Science: J. E. ftoperoft

1. M. Kennedy

, ..

In apitiOn, ACAP: appointed three
le

two o whom were to be
, mathematicians.- Those chosen Fere: . " .., .

G.mgirkhoff
D. R. Cox
A. H.:Morrish

r

The mathematical science departments of thebntario universities
,involved'supplied extensive data on f.otals pared by ACAP, together with

. curriculum vitae of the faculty members,,as per instruction C6 of Appendix I.
-In jddition, and of major imppriance, each University supplied a state-
ment of future plans, in detail for the period 1975-80', and in outline for
1980-85 (see clause C7). Each university president also issued a statement
concerning the university's plans fir graduate work in the mathematical

)
A
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TABLE I

MATHEMATICAL SCIENCES IN ONTARIO

AREAS AND FIELDS OF MASTER'S AND DOCTORAL WORK

(determined by ACAP consultation with'the discipline group)
tt

F

1. Pure Mathematics

Logic and Foundation -

Number Theory and, Algebra
Topology aqd Geometry
Discrete Mathematics
Real and Complex Analysis
Functionl Analysis A
Other (Please'SiDeary)
Unspecialized

2. Applied Mathematics

Classical *pliAd-Maihematics
Mathematical Physics
Modem Applied Mathematics
ApAied Anllysis
Other (Please Specify).
Unspecialized

3.- Statistics

Mathematical - Statistics

Applied Statistics &

Probability Theory
Applied Probability
Other (Please Specify)
Unspecialized

4. Computer Science

, Mathematical Software
ProgramMing langUages
Software Sydtems
Theory of Computation

9

Data*Management
lo t 4

, Artificial, Intelligence
Computer Architecture 4 .

,

pOther,_ including applicatns,(Plealse specify)
Unspecialized .

, .

,.
. ,. ~'s,

1.e

0

1

0

4

I A

4
.
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sciences. (see disuse C8). Copies ,4,his material, which consisted of
Several hundred pages, were given bc the advisors and consultant'.

. . Eleven Onta io univerfitl¢t offergratuate programmes in
mathematics. The are s and_degtees offered (doctoral and/or master's),
are lilted in Table II It inovild be noted that some programmes are
proposed for the futur andare;iit-various stages of preparation at
this time., _

Dufing the pe iod June to=S4ptember,1975,.some or,all pf the
adsors and consultant visited these universities, as appropriate for
the areas and.degrees-o fered. These visits were very informative, and
significantly supplemented, the written data aleallable. It is a pleasure
to thank the member
courtesies during the

universities for their cooperation and many
ursSof the visitS by the advisors and. consultants..

q
The reporting duties of phe advisors are listed under section E

in the,terms of refetence (Appendix I). In brief, the advisors were o
submit- an area report for each university, f appropriate, and to discuss
the subjects listed in'clause E2. After iscussions beteen the adyieors
and the consultants, it was decided that e ch indiSCAual &rivers cy
report should include a general section that was Mmmon.to all reports
for a given area. These reports were completed during the autumn of 1975,_
and submittekto ACAP. Each report was sent tts the university concerned.--
The universities, in turn, prePared comments,- ,sometimes including
rebuttals, on the contents of the advisors' reports. These commentswere
forwarded to the_consultants.by ACAP, about the middle of December, 1975.
Tfle consultants'obtained inforffi'ally the reaction of the advisors to the
comments by the universities. 0

AO.

4
Although exchanges of views between the advisors and consultants

occurred during the preparation of the advisors' reports', it was inevitable
that the differences in viewpoints would lead to a dispersion in treatment.
Further, the nature of the reports for different universities elicited
varying degrees of acceptance or rejection from the universities concerned.
The consultants haii0OWt it'was their task to develop some greater degree,
of consistency between the area reports, and,to render judgements on
some controversialimatters. The advisors' reports together with the
universities' respoinses have formed the major base for the present report,
However, it should be made clear that the consultants take full responsibility
for any and all conclusions and recommendations in thig report. The specific
terms of reference-for the consultants' report are listed in section F
(Appendix I). The rest of this report will develop the analysis' required
by,clause'F2. `4'

t

5. Scope of 06 mathematical sciencesin.Ontario universities

The range of fields in mathematics covered to some extent
by graduate-programmes in the Ontario universities has already been-
indicated b4the=.ACAR classification in Table I. *Inextricably bound

_
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TABLE II

4y.. ob
.

d

MATHEMATICAL SCIENCES IN ONTARIO (1974-75)

GRADUATE PROGRAMMES BY UNIVERSITY-

(a doctoral programme implies there is alsoa'master's programme in an area)

University

Carleton

zgaa.ile-7-

Lakehead

McMaster

Otsawa

OveerCs

kozonto

Waterloo

'Western

Windsor

York

',Son

, . Computer

Pure /ailed. Statistics Science
. -

PI-ID PhD PhD PhD*

4
MSc MSc MSc

4
MA/MSc

,
proposed MSc

PhD - MSc MSc

PhD SiPhp PhD ,proposed MSc

PhD PhD -PhD MSc

PhD PhD PhD PhD
4,

PhD' PhD PhD PhD

PhD PhD '' PhD MSc

1*
PhD PhD PhD 1*,

MA** MA** proposed MSc
4

*
Given by the Department of Systems Engineeri- ng. A new interdepartmental

MSc programme iri Information and Systems Science (Departments of Mathe-
matics and Systems Engineering) has been favourably appraised.

A

**
The MA at York is unspecialized.
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tethis topic is-the size and dis bution of the mathematics faculty.
Although a detailed scuss on will bpresenied in Chapter II, it is
useful to give now some overview of the, picture in Ontario that.will
help to set the tone for the report.

The distribution of mathematicians over the four areas is
given in Table IIIa for each of the past five years. The total numbers
of mathematicians for all Ontario universities re given by rank in
Table IIIb. Over this time scale, the grow as been slow.

. A breakdown between fields is Available. We have felt that
such a dributioft is of less value, partly because many mathematicians
divide tSPir time between more than one field, and because the situation
is not and should not be static.' Also, meliingful work in some fields
requires activity in related-fields. Anyway, the boundaries between
many fields are fuzzy. Instead of presenting details, comments will be
made in Chapters II and III on fields where over or under supply exists
.Eo the extent that the matter is important.

In section 1-2, mention was made that. some fields are covered
fn qthcr-thaa-mathematics departments. We did have.the opportunity to

I meet with some staff, in other cognate,departments, but not systematically
and the amount of information obtained was at best fragmentary.. We

therefore generally exclude,an assessment of mathematics research' out-
side of mathematics departments. However, at appropriate parts of the
text, a few remarks will be made on such work.

ot
- Statistical data on qualitty are difficult to generate, primarily

because of the lack of a suitable scale of measurement. It is useful
to consider peripheral bub,related data. Figure I shows the *age distri-
butions for,the faculty; Table IV gives the same dip by area. The faculty

nds to be young, with a large preponderance in the 30-45 age group.
This distribution is not restricted to the mathematical sciences; a
similar one is to be found for almost all departments in all North American
Universities. It is the result of the large expansion ift post-secondary
education that occurred starting in about 1,9,55 and increased further
just 'after Sputnik. Such aft: expansion had never occurred before In the
history of these universities, and further, there is no possibility that
it can recur it the next two or three Oecades at least. This age iistri-
bution will therefore have profound implications for the universities for
a long time to come. There will bea lack of new appointments, and
difficulties will be incurred in the development of new fields:

Figure II indicates the number of faculty publishing in refereed
jouinals.(1972-1975). Clearly, the faculty is respectably active at all ages.

--The average and total,NRC graht funds awarded by institution are displayed
in Figure III. We have,madb,some'independeni comparisons and findEhaf------------
the size of the Nil.0 grant does correlate well with our judgement of the
quality Of the research of thegrantee.

. 'In 1974, the population of Ontario was-8.03 million compared
tio 22.31 million for Canacia, that p, 36% of the total. The Ontario

(34,
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TABLE Ills

\_>

MATHEMATICAL SCIENCES IN ONTARIO (1974-75)1

NUMBERS OF FULL-TIME FACULTY ACTIVE IN GRADUATE PROGRAMMES BI AREA*

1970-71 1971-72 1972-73 1973-74 1974 -75

Pure . *230 242 253 263

Applied 130 130 134 142 159

R

Statistics .63 71 83 85 85

Computei Science 94' 107 109 118 131

Any'individual working in more than one area is counted more than once.
I

°, TABLE IIIb

MATHEMATICAL SCIENCES IN ONTARIO (1974-75)

NUMBERS OF FACULTY BY RANK (STATISTICS CANADA)*

1971-72 1972-73 1973-74' 1974-75

i

Full Professors 147 159 156 165

Associate Professors 192 201 237 240

4

Assistant Profesgors 234 240 . 216 216
J

Total

*
A11 Optario universities.

573 600 609 621

6.0

sit
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FIGURE I

MATHEMATICAL SCIENCES(IN ONTARIO (1974-75)

AGE DISTRIBUTION OF FACULTY ACTIVE III GRADUATE PROGRAMMES - ALL AREAS_

(as of December 31, 1975 - no double count.ng)
oft

160

1501

140

130 "

120

110,

100

90

80

70

60

50

40

30

20

Carleton

Guelph
LSkehead

McMaster

Ottawa

Queen's

Toronto.

Waterloo

Western

Windsor

York

ls

L

N --s C -I' -7 tr, za st) .. .S3

Lrl oI u,
i Io s

O, Lri L.r)

N Ca M -.7 -.1 in tt '0

AGE OF FACULTY

r



A-10

ti

'TABLE IV

AGE DISTRIBUTION OF FACULTY ACTIVE IN GRADUATE PROGRAMMES BY

(as bfr December 31, 1975),

Ad-

AREA

CT

in
co)

Ors

c-
0

.1"
I

-

0 Ln
Total

,

PURE 5 66 69 42 36 13 10 7 3- 251

APPLIED 6 22 51 27 19 12 4 3 144

STATISTICS 5 23 28 20 10 11 4 3 1 ,105
.

COMPUTER SCIENCE 10 42 36 20 15 10 1 134

L,..,-

TOTAL 0 26 153 184 109 80, 46 19 13 4 634 :

-- ---:-ii-----
,

-Carleton, Guelth, Lakehead, McMaster\ Ottawa, Queet00, 'Toronto, Waterloo,

Western Ontario, Windsor ann York.
,

Ariy individual working in- more than one area is counted more than once.

hi

e
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FIGURE II
----

MATHEMATICAL SCIENCES ON OrAlt510

FACULTY PUBLISHING RECORD IN REFEREkD JOURNALS

(1972-1975)
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universities had 40% oaf tip total faculty (all subjects) in Canada for
P1971. The corresponding figure for the mathematical sciences was not ,

availib,le, but it'appears that it.exceeded 40%. These statistics should
notbe a surprise since ilatario is one iof the oldest and most highly

. industrialized of the provinces, and has long tradition in education.
In our opinion, the breadth of activity and quality in the mathematical .

sciences in Ont4rio issuperior to that'in any other province of Canada.

It should be kept in mind that these statements do not imply
a uniform, distribution in mathematical talent over the Ontario, universities,
and indeed, it is just the reverse;'this'is A subject for discussion in
Chaites II and III. 'Nevertheless, it is appropriate to sate now that

many of the fields and each of the areas at least one Odtario university
is to be rated in the top two or three in Canada (see clause E2gNppendix I).

'' Such 'a rating is notnecessarily too significant, Since, for example,
there are onli, about four or five universities in Canada that currently
offer,s-PhD in computer science.

10 In most fields, the level of mathematical research in anrOntario
university does not r in the Same class as the small number of beat
centres inthe'world An exception is computer science at the University
of Toronto, which ra es in,the first half-dozen in North America. Even

here, there are two.-Caveats) (1) many US universities do not offer a
Fhb in computer science, and. (2) imanyOf not most, of the leading
participants, in this area do not hold university appointments; they work
in the US computer corporations; which, as a group, arethe world leaders.

Another exceptionis the presence,of a numbed If individuals
with international reputations, some of,mhom are among the world leaders
in at least some speiial field. We hope' rate no ill wileby men-Z:011:

tioning classicalgeometry, foundations-of statistical inference, com-
binatorics, and some aspects of algebra.

1.

We turn now to consider the scope of coverage. Most fields
of mathematics are covered to a reasonably complete degree in some Ontario
university or other. There are some areas that are not, including
robability,.algebraic geometry, artificial intelligence, computer graphics;
odelling of plasmas; solid,mechanics, and-controi .theory; -'they will be

discussed in greater detail in Chapters II and III.

A more difficult question concerns coverage of topics infields
that are not fashionable and have little relevance at this time. Even
in subjects as important as maehematic* physics and functional analysis

. there is some danger of excessive emphasis on aspects currently outside
the main stream ordevelopment. Of course, excellence in such fields
can always be defended.

Nr.

6
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4.- Role of, the masters and'doctorai p gratmaes

.9

Arrl4

Some remar have been made in the tw o previous sections onthe,

areas and gields of esearch in the' mathematical sciences at eleven Ontario

universities. The sses6meritof research as such isl not onis of ..our tasks.

Hbwever; it goes al st without saying that the basis for any strong. -).

graduate programme/ ust be the research abi ities, interests, and actVitiesY'
'w of the faculty. We feel very stfongly that e converse does not follqw.

. r ,. .. .

At sey L of the universities it was argued thatra graduate e
- .

.

programme vas es ential"for thejeistence ofa healthy research activity.
o We do agree that the presencorA400RadUate students can add*sti

and:eyen'exciteMent to the atmosphere, can increase the volume of-resea ch,
and can proYide the opportunity to keep up to date, through the mechani

...' oftteaching'graduate courses and through discussions with students. Ho -
*ever, we do not believe'that research should be viewed as 'the,outgiowth

4of a graduate programme; instead graduate programmes shouZdidevelopas the
natural consevence of the faeulti:g research. There, i4 no excuse for .

the facu/tytilot engaging in research jolt because no giaduate students .

are enrolleld, especially -rut in the mathematical sciences;

,..,
o . .

Three possible paths to the master's degree in mathematical
.

science exist at one or'another of the Ontario universities. One requires _

only auccessfulcompleiicin of a number of foirinaf lectuie or reading
, . .i

courses, a aecondinvOlves courses plus_a project paper, and the third,
courses pluss'a thhis. The difference between a project paper and a

.thesis'is ;A:the-amount of 'time required, the depth of coverage,, and

the oviginallw. The mester''s,programme has various purposes. It may

dr- .be deliberately' termi4a1 in nature, and provide further tiaining,beyond
the baecalaurea& in depth and breadth. Sometimes itis A mechanism

.
. :whereby *edappts, get training in fields o dthematics that will aid them

to gain employment; for example, comput ience and statistics. For

,son ;students, deficiencies can be made p. For others, the master's .--,,t

act as a testing ground, fdk. further work; a devicethat is useful both
. ,.

to the student and to the uniVereAty. For a very few students, with 2*.

cliarly identified.ability.and a strong undergraduate background in
,mathematics, the master's programme probably serves little purpose;

0

dq,rect entry to the-doctoral programme is advisable. In any event,

t advisor4 and consultants are pleased. that most departments agree

t at fulIptime study for themaster's degree should not normalllitceed
elve months for well qualified students. ' , .

1 10 ':, ,

It seers- universally acknowledged that' the essential purpose

of the PhD is toliroviae training in research. .There is less agre &ment

Lon the bestsmethads to achieve the goal. However, clearly the thesis
'is the major componentynormally at least par'should be published in: %.
..a jOaxnal with recognized standards. -Usually the PhD also requires course ',
Ar4Oralthough this should not alwdys be 'obligatory.' In many US and

,
' URUniiiersi,ties, studenti-with gObdOrepiration often 6ake no courses
formally, although they may audit some lelpturft and be .involved in - .

Bem4nars.4 'N\ -

o

.46

1

Qil

0

ft!
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a student has reached a reasonable level- of knowledge and underslanding,
Some kind of qualifying examination' must be used tqrsee that'

of some'basic fields of mathematics. It is possible to become over
specialized in mathematics these d4rs. In the present world situation,
it is important that a doctoral student have as wide a range of'knowledir
In several fields/Qf mathematics as is consistent with time limitations.

A-15 4

Abb

%
,

The mechanism whereby a student gets led into wresearch project
depends on many facto4s, including the personalities involved. However,
it is very helpful if the beginning to student inter is with at
least competent an if possible 'outstanding mature athematiFians,, as well
as with eager fellow graduate students and post-doc oral fellows in
variovs stag4§ of,development. The time required f r the doctoral'degree
should not exceed three ox four years of full-time study beyond the
baccalaureate under normal circumstances. In exceptional circumstances;
.five years 14i.y be Omissible, but more than five years should not be
tolerate -except on medical grounds.

ir

5. Profil raduate students'

A os$ imp. ant elementirof this report Concerns the graduate
students their, elves. One of the more significant` aspects oft1j,e vigita7
tions by the and the cobsulatants to the Ontario universities

\ has been 4ti.e in ews Tlith some of the graduate students in the
Or

mathematical seienceS. Impressions, p*haps-transitory andasometimes
even accutote, were gained of the morale, enthusiasm, air of stimulation,
and 1 vei o training prevailinin a given department: ,Inevitably,
some s4 these feelings have found translation into various parts of

- . .the text of this repowt. k
V

1 ... -

, ) The total nUmbeYs of students in master's and, doctoral programmes-
A- in 1974-75 are plotted by university in Figure IVb.., In addition, the

total facUlly And number of course registrations, both undergraduate s `,_
.

r i ergraduate a
4% 'graduate,art given in Fire IVa to assist in normalization. The numbers'of

-..

master's and doctoral degree-a-granted in the-pest five years are also tabulated.
All sreas were caMbined to fOrm this diagram. Data for Ontario, Canadathe
US add Great Britaid

.

are fisted for comparison purposes in V.
-..,

, A few aspects of the data in Figure IV and Table.V shoulthbe
/
i noted. The, number of PhDs genertted,in all areas is about 60 per .year. -

1970 represents a low, and for the other four years the average is about
72 PhDs per year Ontario produced more than 50% of tfi% graduate degrees '

-Vn Canada for 1970-74; it hai enrolled more than half thejoctoral
students, tut,only.38 of-khe master's; students. It was mentioned in
section P-3 that Ontario',had about 35% of Canada's population. Even iv

,

allawilif for dfopouts and part-time students, the figures frOm Nigure IV .

imply that the time taken to obtain either a master's or a doctoral
degree is longer than that we recommended (section 1-4).

i

I
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FIGURE 1\114

MATAEMATICAL SCIENCES-IN ONTARIO (1974-75)
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FIGURE IV-b
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TABLE V 4k,

MATHEMATICAL SCIENCES.(APPROXMATELY 15'74)

COMPARATIVE 'FIGURES FOR OfITARIO, CANOA, US AND

r

ONTARIO CANADA

4_

8 x 106 '22 x 106 211 x YObi 51 lc 10
6

PhD Awarded
(Matheiatical Sciences)

population

70 110

.
276

8.8- 5. 0 6:1

PhD Awarded 910 1800 34000

(All Subjects)
---/

IF
:

Per million population 114 82
e
.88

Faculty ' ~
e

630 . N/A 13000 1900

(Mathematical Sciences) _

.per million population.
)

Faculty. ,

(All Subjects)

78 ( 61

90001 23000 .N/A 36000
e,

per million population 1125 , 1045
0

b 706

1

A
5

,r

* , .
. .,.

'The' figures are appioXidate and ,some of.th4kftnit!lons'are-potidentical t

,6

beEWeen different juri'qdictiohs.- . )

.

7
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The numbers of Canadian and of foreigh PhD graduates in ,

each area ate given.y university in Figure V. Some. students with landed
immigrant visas und9ubtedly-had reasons for being in ,Canada other than
4 to enrol in graduate'programmes in,mathematics. However, it is probably

safe to assume that the kreat majority came as thresult of offers)
from Ontario universities. The. mid is variable, but at tie doctoral

level there are as many or-more from fotkign countries as, rbm Canada.

The Canadians dominate at the master's level, Which is not surprising;
It appears that this patterh'is'similar to*that for other disciplihes
in Ontario and in Canada as a whole. Tfie'largecaMponent'of the gxaduatee,

student body from outside Canada-AS few_parallels.
7

Thevpreparation and the3quality of the graduate, student, body

. .
is less easy toraluate. Generallx., we have received the impression'

t

that the entrance requirements for Yoreign or Canadian - students are

resRectable. We were pleased to find that- the graduate dean office

in some universities exercised considerable Control on admissions.
4 Although we donot believe in arbitrarfhess, such controlecan.dampen /:

,

departmental excesses which may from time tottpe appear. -1 1

.

One measure -of quality May be the percentage of studants who

d hold NRC fellowships. This. information is displayed. in Figure VI.'

1r Recent NRC regulatibns governing the awardof fellowships will make ft

.., morel- difficult for a forein student, even one with aclanded:ImMluant
olt '
-- visa, to win a fellowship, att least for more than dt.wo year Ariod.

, ,s
Therefore, this quality factor will be biased in fav r of those 4

. departments with the largest Canadian enrolments. N vertheless, we
: believe Figure VI tc0e significant and interesting. A

fi

Is there a critical minimum size for a graduate prograrquil

in mathematical science? The interaction with other students can be
as important as*that with the facllty. However; the numbers needed:
are probably no't large. When there are fifty graduate students around,
close communicatibns are not usually within groups of more thanfive
to top fellow students. We feel that a graduate programme can be success-
ful ?ith as few as five students enrolled. Indeed, a friendly atmosahere
and feeling of belonging may be generated which may be absent in a
larger'graduate school. Enrolments under five must create difficulties,
if only inthe offering of a_reasonable selection of,,-graduate courses..
Even here, however, we do not feel We should take an unequiyecal position.

,,Personalities- vary; some individuals.seem to be unable to Ark other than
in compete isolation. Some late bloomers, but with great ultimate
potential, may flourish best in a very small giaduate school (see also

section III-3)'.

at=

. 6.: Employmen -opportunities and limitations on enrolments
0

.

'1' , A major factot determining the maximum number of graduate students
. .

enrolled -must be the employment prospects%- From Table IV, it is' Clear 4
,

4
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FIGURE V

MATHEMATICAL SCIENCES,IN ONTARIO- es.

NUMBER OF PhDs GRANT 'ED AND CITIZENSHIP STATUS 0F::GRADUATES
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FIGURE- VI

MATHEMATICAL SCIENCES IN ONTARIO (1974-175)

PROPORTION OF MATHEMATICS GRADUATE-STUDENTS

HOLDING NRC SCHOLARSHIPS' .-.%
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that there will be few retirements in the mathematical sciences for .

1975-80, and not many more for 19801-85, even if early retirement schemes

areintroduced. Some faculty will resign; ether to accept positions

outside Ontario, or to accept non-university jots (most likely for

statisticians and campUter scientists) or for medical reasons Mobility

between universities in'the mathematical sciences is law at the present

time, and may even decrease in thelnext decade, so that attrition of

this sort is not likely to be great.

Whether or not new positions are created will depend primarily

on the overall student enrolment. Some pertinent data on this matter

are given in Appendix III'of the COU Report on Physics and Astronomy.

The projected population of the 18-24 age group_will still rise'for

1975-80, but will peak at about 1902'and thereafter decrease. The only

factors that could change these predictions are massive immigration On- '

the positive side_ and some catastrophe on the negative side. The fraction-

of this age group that will enter A university depends on sex and geography,

but for Canada in 1974 it averaged' about 11%. It is unclear what fraction

of these students will elect,undetgraduate programmes in the mathematical

sciences, but we feel it is reasonable to expect that this discipline
will hold its own: Therefore, there will probably be some small growth

in the faculty size during 1975-80; certainly- we found, in our travels,

that some new positions had been created for.19 6.

In view of all these faOtorsi it is difficultto see'how
there could be more than fifty apOointments for 1975-80, or an-average

of ten per year, in the Ontario universities. Prospects are Unlikely

to improve for 1980-85. It should be emphasized that there may well be ,

fewer than ten positions per year. coming open in the next decade.

There are of course opportunities for employment outside the
Ontario universities, especially-fox statisticians ancomputer scientists.

There, has, been a demand exceeding the supply for-computer scientists at

least, both' in government and in industry. However, these jobs tend to

be in "applied' computing, and at some point in the foreseeable future

will become saturated. A Ateadyistate appears to exist for statistics.

Present trends in will probably lead to an increasei.n the oppor-

tunities for statistician with the government. Some applied mathemati-

cians, such as'those in m dern applied mathematits, will find employment,,

particularly with thegov rnnent. Pure mathematicians are likely to'be

the least in demand, but, even they may be vaitaly employed if they will

broaden their knowledgOroughreeducation, ei formally or by self
..

-

'study. -

We have examined the employment patterns for each area for the

past five year'period (1970-75),through the statistics provided by the

universities to ACAP. These data are too incomplete to justify including

in this teport, ,However, it is'cIear that employment opportunities still

'occurs sadetines Outside of 'Ontario and even Canada. Of course, .many jobs,

inOntsriO are!filled brcandidates from other provinces and other countries,

o
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A

Many of the present mathematics faculty in Ontario universities have come
from outside Canada. On balance, it appears that Ontario has supplied
more of the trained mathematicians for the rest of Canada than
it has received in return. This may be less true in the futtire.

.

It ls pertinent to consider t-e cumbars of mathematicians
educated in Lhe United States. In 19:2-73, 1,340 FhDE were graduated
for all areas combined (source: National Ceuteiltor Educaletón Statistics).
The numbel- of-PhDs projected for 1979 is 1200., Even in trismost" highly
developed society, many of'thesie-graduates will not find suitable pGsiticns
(G; S. Young. CBN Newsletter). An up .per limit to the nuirLe that will
find suitable jobs is probably about 1000 PhDs. However, such projecticns
are subject tc large uncertainties. For 1985, the National Pcience rouncation
and the US Bureau of Labor, both organizations with substangalresources
(Dr such studies, disagree signigicantly in their- predictions of the
supply and demand for PhDs. A summary of the findingspf these two
agencies is given in Table VI. Meverthcless, it is important to stress
that both iredict that there will be a subs.tantial surplus of PhDs in
maithematics in 1985-, .1P

Scaling down on the basis of population only, the 1000 figure
for,1979 becomes 38 PhDs per year for Ontario and 107 PhDs, year
for Canada as a whole. When due consideration is given to our earlier
comments, we feel that a productiOn rate of 50 PhDs peryeat for Ontario
would lead to unemployment problems; a figure of 40 PhDs pei year would

'sle more realistic for 1975-80.

How should the 40 PhDs be distributed fiver the different areas?
Probably about-1-0 per area is a defensibleochoice. Although there may
not be 10 openings per year for pure mathematicians, this area is so
great(in scope\that In irder to provide the spectra in training over
the various specialties about 10 graduates per year are needed. Applied
mathematics is a rather nebulous term '(see section II-B) and covers a
wide range of Here, however, training will also be provided
by other departments,for example in relativity and quantum theory by
physics and chemistry departments, and in control theory, solid and fluid
mechanics by ehgineering departments. Ten PhDs per year from mathematics
departments would probably represent an upper limit. In statistics, 10
PhDs would probably satisfy the present demand; this figure might rise
by 1980. In computer science, probably more than 10 graduates could find
employment now; however, many of these jobs could also be filled with
master's graduates. Further, by 19,80 the demand for PhDs in this area
may have stabilized to 10 or less.

We_now consider the numbers of master's graduates, per year.
Some of these graduates will fill jobs that make less use of their training.
'Exaffiples might' be in accountancy aspects of business, and in assisting
economists who lack mathematical training with modelling and statistical
analysis. We feel that if the baccalaureate in mathematics can be
accepted as worthwhile by the, taxpayer, then an extra year)to'obtain



TABLE VI

COMPARISONS BY THE4NATIONAL SCIENCE FOUNDATION AND THE BUREAU OF LABOR STATiSCS`
-,

OF 'EMPLOYMENT PROSPECTS FOR PhDs IN THE US FOR 1985

Number of PhDs

-
1

1..)

.p,

0 National Science Foundation Bureau of Labor Statistics

Field

Supply Demand Surplus'

Percent
SurpluS Supply Demand Surplus

Percent
Surplus

Physical sciences

Engineering

Mathematics

Life sciences

Social sciences

85,200

63,300

21,600

92,100

112,700

76,000

45,000

16,000

85,000

71,000

9,200

18,300

5,600

7,100

41,700

10.8

28.9

25.9'

7.7

37:0

. 118,700 .

80,100

31,400 ,

137,700

153,700

91,700

59'400

19,800

73,100

87,100

27,000

2.1,000

11,600,

. 64,600

66,600

22.7

-26.2

36.9

46.9

45.3

Source: Science, 191, 363 (1976).
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the master's degree will not rock'Illrboats. We therefore believe that
no limitations should be placed an the number of masters candidates"
other than the supply,and interedt of suitply'qualified students. .

However, we refer the reader to section 1717 for important'vpovisos.-,

How is the recent rate of production of PhDs, about 70 per
year, to be reconciled with our recommended figure of about 40 per year?
There are signs.from the enrolment numbers that a decline is developing.
Changes in Canada's immigration policies,together with restrictions in

.00 the awarding of NRC grants will ensure that the number of students from
outside Canad will decrease. Publicity on the'-lack of jobs, must have'
reached the students' earl by now, and will undoubtedly show up in
decreased enrolment,bySanadians. These factors, coupled with high
admission requNements, will probably bring the lituabers into line. We
therefore do not see the need to arbitrarily close down some graduate
programmes. Nevertheless we do believe, that there are-too many programmeS

'{ ".:offered- in Ontario a&the present, and that slime of the marginal viable
ones will not survive in the new cliimate.

Recommendation' 1
. k ,

We xecommendthat: .
,_

W,the enrolment statistics.he regularly monitored by the
discipline group in the mathematical sciencesi,and if

. excessive fluctuations, either up or down, occur that
remedial, action be initiated; .

,

ii) the number of PhDs-in mathematical-sciences awarded
by the Ontario untyersifies total about 40 per year,
with abOut 10 from each.of the four areas;

.

iii)__ that the figuites given in ii) be reconsidered for .,>

possible modificatiam at regular intervals in the
".future.

4.

7. Other rematks

At virtually every university We visited, we were told gf
financial constraints, real or about to become so, and projections for
the future concerning government grants that were ateast discouraging.
We heard that overcrpwdin could not be relieved, that new fields,coul
n61 be begun, and that weak fields could not be 'shored up with new
appointments. Althbugh Money may not haVe bean the sole cause, we lea
of'some faculty discontent and mistrust, both with the central admini--
stration, and within Aepartments.

S-

If these financial constraints- develop further, -there may
be a tendeAcY to retreat.intoan Ontario isolation. We would deplore
any attempt to..set up a closed.Ohtario system.- In the long run; we
believethis cour$eof action wouldbe a disaster for Ontario. As
we stated earlier,.tne mathematical sciences in Ontario have not reached-

<

ned

c

, b

1 A
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Na firstrank position in the world, although there are several very able

and'a few outstanding individuals! To aid further development,4t
essential that contact outside Ontario be maintained, and Orhapt eveitie

strengthened.

. ,AA
. .

We were.impressed by the special seminavmays, summer schools
and the visiting professor programmes that some departments have and by
the Canadian Mathematical Congress. We encourage the retention of

. sabbatical and other leaves to world centres. We urge that priority

be given for the funding of travel to conferences and for consultations
These activities would help to compensate for the lack of new positions
and new buildings.

.By the same token, we believe that -the admission df sofne
students from outside Ontario and from outside Canada will provide a
form of contact With the outside world that will also add to the develop
ment of mathematics'in Ontario. However', the numbers of foreign students_

should be relatively small, say up to 20 or 2b% of the total. To_achieve

theNgoal we have in mind, these students should tote frol a variety f

countries, and should. have some reasonable preparation and promise
research'in mathematics. We have observed that some departments hav
the majoirity.of their students from one part'of the world, usually Asia.
Some of these students arein their middle or late twenties on admittance.
We believe that programmes based on this sort of enrolment are'not viable,
and we 11 ope, that' a tightening of immigration andetrance requirements
with due attention to age will ensure that either these programmes die,
or else become populated with a different mix of students.

y
The universities in--Ontario were set up as autonomous entities

before the creation-Of the CdUncil of ,Onearto Universities. The reasons

are not easily discernable to us; there are, however, obvious advantages

to this arrangement. First of all, the needsof specific regions of the
province can be met easily, and the'benefits offered by the siting of a
university are decentralized. Secondly:, competition is possible that may.,

lead to the attainment of highs standards as well as a large student body,

Thirdly, the sense of being master'of one's fate is attractive to
faculty, students, and administration_ alike, Indeed, in the absence of

;any financial limit, it may ba_convincingly argued that the creation of
several independent institutions is by far the best route to follow.

The pattern in'Ontario has largely been duplicated in the
/

rest, of the Canadian provinces. Some institutions'that were nurtered for

a time by older",' well establisheluniversities have ultimately ashieved
independence;' examples are to be found in Alberta, liaskatchewanfand
Manitobi. Only in Quebec is there a multicampus UnTtersite dulfuebec,

and even:this system competes with several,other provincially supported
universities, both franco and.anglophone. The situation is quite dif

4kferent in many highly populated states in the US. There, one state'

, university often has many-tampuses; examples ate California, New York,
and Minnesota. *re stillexist several important independent universities,
typically with private funding. Some are. tending to be absorbed into

//

f
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_state sy/stems;.examples are Syracuie and BuffA16.' The state system has
:some kind oh central authority; perhaps,a canines :board. Althougir such
systems may lead to 'b lack-of comati.tion,.sOme arbitrar ess,,and even._

)4some sterilltc, the can in prinORke at Itasca rational ze, the offerings
,and arrange fpr.the total needs of averall'obltptives. f:1410 .

", 1 , ." t .

In the present climate, it seems that cooperation between
universities inOntario must be fostered. Some Specific suggestrions
on ways.,, achieve urea gul:collsborat4.on in the mathlethatical,sciences
*re milii'inlection II
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CHAPTER II

AREA .SPORTS

° (
. , .

1. Generalntroduction
70 t . . . .,

,

In preparing the fvi rer, area reporfb_psented in'thiS -chapter,

have

'*1
.

we ave relied heavilysion%the confidential reports submitted by,the ACAP
Volt

advisors to the inAlArld5g1 universities.whose grad4ate programmes were
reviewed. "Bilh we an tli9advlsors also `examined the factual. information

suppiied to us by ACAP before and during our visits to individual =dyer,-
siti4s. However,the volume of the data presented to us was far too great

Tor extensive' analysis. Moreover, we found it hard to interpret the
-fractional assignmentanemultiple assignffients ot.individuals to areas'

-4

Arsubareas, even -atiler visiting universities.
..

N

. .
. gob. con-

.

-. TherefOre we haye had torely-on our own impressions to a on- .

40,
's, iderable extent, gained in the course of reading and,taking notes on,,.
published research, on discussions with faculty andiyaduate stNaents,

/ ' _and on an .alreaal'existing famikiarity with the research and scientific
reput4Tion of thAfaculty'conCerne0. . ,

1.,
- . -

fe*
_ In our introductibns to the four ireaTepprts, we have also-,

relied ot't the pitambles of the advisors\butikave freely expressed'our
"own views, as wet as modifying and: reorganizing the preambleg of the

adArs wIen we-felt this contributed significantly to clarity or to

co Stency betwen the different area.

We have alsO tried 'to correlate thd(area reports with theideas '

(And.recommendations presentedin Chapter I, at the risk of some repetition..

.-* Finally, we have considered wit* especial care the res2onses of the univer-
sities tothe advisors' reports. . .

. . ,

2. = Gfouping of .Universitiles
,/*-,4.

The bulk. of this chapter will cetildt of our asfiessments of the

grad ate programas of individual:Iniversities in fhe four ACAP-specified-i

-areak. Within each area, we arranged- our reports on individUal universities
fntoloui sets, set A beOhe two universities with large departtents,
set B being the older universities of eastern Ontafto, bet,C the older
universities of western Ontario and set D formed of three, ewer universities:

A

v

AY ,Toronto, Waterlow..
Cateton, Ottawa, Queen's

C) McMaster, Western, Windsor
D) Guelph, Lakehead,York

ft

,!

Mr
1

0*.
1.."

-^

(1.

AP
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w rr
Before making our 'lour indiyidual area reports, we also wish to

restate briefly at the risk of repetition some general observations that
.seem to us to apply to most of these areas.

Over the past, 25 years, there has-been-a very large-increase in the
number of Ontario faculty members active in mathematical research. St

. This is beneficial in many ways, in particular because it hassmade
study.abroad a far leSs necessary part of the preparation for
successful academic career (but see paragraph W1.2).

]
3. ,-Idneed, Ontario universities now have a capacity fpr training many

.--
more graduate'students than are likely to find jobs in Canada for which

*this training is suitable. .

4. Hehce we urge that the emphasis of graduate instruction and research
be on increasing uaiit" and relevance; the quantity 'should remain
constant or be allowe to ,decrease.

e-,

5. Specifically, barring unforeteeable future'develOpments, weAtuwiori,
the wisdom of producing more thanSabOut.10 new PhDs annually in each ,

of the four areas in.question; elccept in computer science, in.which ,

-1!only Toronto and Waterloo have PhD prOgrammes, thi a
:,

ans that some
existing PhD programmes will not even Rraduce one-Ph Ret_year.

6. Actually, fpis seems consistent with curfent enrolment trends for
.Canadian graduate Students, but it is far below the combined ambitions
of all presentPntatia faculty members .and university administrations,
some of whom aspire fopcontinued Otpansion.

7. We end the advisor's have stud-lied the size and distribution of NRC
grants. They aRpear to achieve the purpose for which they were%designed,
by supporting equitably much worthwhile research of quality and
relevance. However, we urge t research projects be dissoctated.
from PhD production.. As has aTh-exilained in sectilep r-4, 'faculty,
research0shodld be dissociated from the production of PhD' theses.

A

Wiphold the'view that research should be useful or interesting in its
r own rlght,'and that PhD candidates should be free to select research
topics on the basis Of interest and relevance, .and not because. moneL,

~'is available for research assistants. This does not mean, however,
that research adsistantabips cannot be used at part of the screening '

proCesa for PhDs, or for reducing the burden on faculty membersof
detailed.compUtition and literature sear4-1.'

°' .

9. ParticipatAg as a research assistant on an interesting and relevant
cooperative study would enhance-any-career (e.g., high school teaching)
for which mathematical training is required: ,

r

;j4t.r

r

r.
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10. We are of the,opinion that doctoral candidates should have passed
the master's degree requirements with high distinction, after which

they should not ordinarily be required to take additional course work

followed by written examinations.

.3.1. For the above reasons, we believe that t e viability of a 3raduate

lecture course programme shOuld not deP ,ten- -the number of doctoral

1 candidates at any particular university. We think it inappropriate

to recruit doctoral candidatts merely to justify othe giving of

'advanced specialized courses. Seminars at which lectures by students
seemtake the plate of written examinations to us usually better for

doctoral candidates.

To put the preceding points les formally,, we would observe tflat

the present economic climate has led to a e cutback in the number of

graduate students., Although this has been.a disappointment with respect
to expectations and projections of the past, the lack of agraduate student

is not necessarily a serious loss ft, a faculty member. Mathematicians in

Ontario are fortunate in that they have large numbers of creative-colleagues,
are in general close to colleagues of nearby institutions and 41ong to
departments which have programm7es!involving distinguished visitors. They

have ample opportunity to engage in satisfying and fruitful research
without supervisihg PhD candidates.

Before getting'down to individual areas and' universities, we
observe again ?hat, although we haVe conformed to_the format of a separate
report in each of the tour areas-3 we emphasize that a substantial proportion

of university-research and graduate training should he itnterdisciplinary
and does not fit neatly into any,one area or even acadeinic subject. This

is trueg for example, of Scientific computing and, of attempts to maice the '

-internal logic.of physical Models. mathematically rigorous.
A

' 12. A final question concerns the extent to w h Ontario or Canada should
4

411ihave a self-contained 41mathematical ecosy m." We think that at

_ least 60% of any graduate .istudent'bOd should have been educated 'in.

.Canada, and should...tachieve a 'masters degree by*nge 23 or 24. Of

00 course, there can also be people having work experience who need a
,

-5,

Ifutther advanced training.(especiallylin statistica and Computer
science), but otherwise failure ta tract enough such graduate

students must be accepted as a sign at A given graduate programge

'is not needed ar eFen desired. On e other hand, we'think that

provincialism is a pal,*danger. No only do we think it imperative

f that most PhDs be familiar with mo e than one unimersifenviironment
-. (though job experience is a parti sbbstioute), but also that a. --____

i

substantial proportion of the pro essOrial staff in-Ontarfo-univer-
.sities,should have some pre- or ost-doctoral experience outside of

Canada. Otherwise ttli- sty4d an t.confentof Canadian research might -
, 41, ...

-
gradually become too inbred-.

e .

r
. c

/7 41 .
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A. PURE MATHEMATICS

Introduction
1 :

44
4

We take it fOr granted that before being admitted, graduatel
students in .ptre mathematics will ordinarily have cofipleted*the equivaUnt
of a Canadian honours undergraduate.eoncefttration in some area of ale ,-.

..

mathematical Sciences. We see no retson for diffefentiating.strongly
between,these areas at the Undergraduate leyel; indeed,, we' th4t' .

undergraduate education 'should normal
1

be regarded as pre-professional.

A

Su!h students should1be able to fulfill master's degree require-
ments in one year. Others; having to fill gaps in their undergraduate
education may need more than,one year of graduate education before becoming 1(

Cadequately prepandeither for outside employment or for embarking oni
research. Though we believe` in maintaining uniform minimum standards;,
we thinkthat a diversity of patterns is sound in education.

, . ..

\ , , ,

Besides taicing two or, three graduate courset in core mathemfti
anmaster's candidates ,in pure mathematics might well also take courses.in i

applied matheiVatics, computer science,and/orstatistic's ifnot already .'

take2 as undergraduates. In additione think that electives such as

-...
the Ygsfory of mathematics, taken for interst, or iea51ing and research
courses taken in connection with the preparation of al6aster's thesis,
shduld be encouraged for; master's student's planning a career in secondary
education.. .-

,
.We would hope that students with a master's degree having such

'backgrounds would be educated both in breadth and depth, would be able to
think for themselves and would tetain a keen interest in mathematics. We

believe that graduate education in mathematics-should be I. stimulating
experience'\and not drudgery. 4111..i

. , .

Those students showing the greatest abiiitf and inte shduld.
,

bed seriously considered as suitable candidates for a PhD, if s wish.',,

t % Such excep.tonal students will normally have, 1/4 after passing w th h h' .

. ..,

_honours three graduate. courses in core mathematics, 'a Iry fidequa ground-___

ing iii advanced mathematics. Here we Ewe iniminethe equivalent of the 1 0
PhD quallfying examination. in mathematics at 'a good university in the .

United States.

We think that doctoral candidates should have passer the master%
degreerequirements with highI1istinction, after which they should not
ordinarily be required to take additional course work followed by wilften-
ex6inatione., At the doctoral levels what is required is evidence of
originality and a promise 04 continuation of research.' Hence, a doctoral
dissertation which represents a slaviati imitation,of the work of the thesis
advisor done.under much prodding represents no service to the litudent.and,
certaiqAy no Honour to the advisor. Besides, the inclusion of such

''gfaduates simply adds a polluting factor to the current oversupply of
PhDs. Because the prdspectsof.bbtaining a Ormantnt,academic-posaion at
aoniversity are poor, it is of particular importance thatthegraduate:

amp
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.- education.of the doctoral student should not be narrowly eentred around .

the topic of-the diqettation. A broadly educated pure mathematicili
should still be able to,obtainyeasonable employment even though such 44'
employmenl.wil g.el not ulually mike full use of his trainin /

-
, $

. , - %
..

...

Th* comments following obserVativ 11 in the genefal introductiop,
to Chapter II and referrihg-to the cOtbackfh the number of graduate students,",:.
and-the opportunity to engage in satisfying and fruitful research without
'supervising PhD students have, special relevance in the area of pure mathe- .

matics.

Finally, we wish td express our generaITSatigtaCtiOnat.ihe
higtbstandards Char have been. maintained .in awarding master's andodoctpral
degrees at Ontario universities. We are not recoM4nding that any ueivpr-.
sty now authorized toaward these degrees be disqualified from so'doing
'in the future. We simply belleve Oat the inexorable laws of-supply and

Imp demand make the achievement of even higher standards, (yet not -more onerous
for lifted students mandatory for the futdre.

4

UniversitYsof Toronto -

The departient of pure mathematics of the 'University Of Toronto
has a large staff with manyimembers of intermatd.onal reputation in
various areas, particularly inanalysis and in geometry. There is con-
siderable strerigtb in a broad.spectrumof mathematic such as topology,
logic,,,number theory, v algebrt and differentil equations. The overall "

strength in algebra and number theory appears to be below that of analysis.

The University of Toronto_has the oldest and most distinguished
trqition inCanada in the training of mathematicians at the undergraduate
as well as graduate leveL.,,Their honours prograMme in mathematics ranked
among the best on the North American cqntinent. This is reflected in
the outstanding past performance of Toronto undergi4guate Mathematics -,
honburs, stock:lents in the Putnam competition. Moreover, the graduate:students
intervrewed by our advisors-impressed thewas definitely the best group
thy met in Ontario. Furthermore,,theiz research seemed to be concerned
-with important probleMs,in the mainstream ofAathematics. Because of this,,
we think that the TorOnto (acuity in pure mathematics could give training
of high quality to more Canadian gyaduate students, and produce as many
as 5 PhDs.per.year. 4 ,

6

An effort shouldbe,made to centralize and-imprdVe the mathematibs
housing by constructing.anew building perhap,S;similar to those St
Queen's and-Wattrlobi where all the mathematical sciences are. ulfdet one
roof. Wellplanned physical pAant_greatly.facilitated communication!'

r

Finally we think that Toronto could make greater use 'of its
facUity'resources if' it -reviewed otjectively! (a) the conqactions between'
the' arious fields ta'pure Mathemacs, wiWan eye to maintaining a .

A

1

.
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.heAlthy balance between these fields, (14 the extent to'which specializationto 'which
desirable at the,master'sand dodtoral levels, (c) the balance between

undergraduate and graduate beaching effort,'-end (d) the extent-, to which ,
the_four areas of pure mathematics, applied mathematics,- statistica,- and
computer science should interact. Such a review, though time - consuming,
-could help to maintain Toronto's traditional excellence and would be
helpful tolall the Ontario universities. .

<

4. ,r
/ ' -.,
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Recommendation 2

A
We recotmend that:

'
49.

1 1

i) the space available Prs. the mathematical sciences be increased
and centralized; .

the MSc andPhD programmes
continued; '.

iii) _about 54iPhDs in pure mathe
iv) the whole prograPie of

f the department should be

tics per year should pe produced;
uate work in pure mathmatics

should be recohsidered withir\the department.

Unzversity of Waterloo.

The University of Waterloo has a large staff,in pure mathematics
disttibutet ovir many fields. Its greatest strength is concentrated in
the Department of Combinatorics'and Optimiiation, some of whose members
hav -an estab ished-leternational-reputation. This component of the...,
stn f is one' f ;he strongest of its kind in the world. In the other
fie ds of pure mathematics, we find-consideiable strength in those parts

A ofd functional analysis concerned with functiOnal equations occurring'.
in'real and complex analysis, and in those which relate to applied
mathematics through probability and'information theory. Mork in these

. areas is further,promoted by A continuous Stream of visitors and the
publication of an international journal de'froted almost entirely to the
theory offunCtional eqUations. In addisibn the staff __i r.1.. a-ver9q

.. . ,

active group workinginalgebra with partilcular emphasis on, category
theory, logic ana.uni;,iersal algebra.

. k
---$

The departmeqt has attracted a substantv. ial number of. graduate

',,students who tend to work mainly in the areas described above, 'We found
'- most of the theses' produced to be of reasonable'qua34Xy.: HoWever, some

doctoral theses were almost exclusively computational in nature with little ,-..
f significant theo'reti'cal ccintent Whi e fully recognizing ,the irOor'ence-------
and difficulty of combiratorics (as i classical number theory), we 'cell
Mit every doctoral ,thesis la pule ma hematics shou be organized. ',_

clearly stateetheoreticalAuestions. We reoegni the importance of
level cOmputttiorfor research in codinatorics However, we think that this
kind of research assistance. tan o n'be provi d by studentewrittng

. master's ,theses. ..°' , g
. .

I

(_)

oftheilisize and' quality of the, pure mathematies4taff
at4iaterloo, our general recommendation concerning- the market. for Pis'

rr
11P 7.
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(10 per year in pure mathematics for all Ontario universities' together)

may bearespetially heavily on Waterlog. Nevertheless, we think that it

should,be taken very seriously. We especially urge that decisive steps.

be taken to avoid premature averspecialization,.perhape by course require-
.

iments or a uniform qualifying examination in pure mathematics which ;must
be passed before students. are accepted as doctoral candidate At

. RecMalendation 3

We recommend that:

1) there should be a uniform qualif ing examination for intending
ioctorai Candidates in pure math tics 'Includilg those in the

Department of Combinatorics ai 0 imization; k
ii)-. the MMath-, MPhil and PhD progite*es continue to strengthenfilpheir ,

.

minimum
s

--standards; . .

iii) about three Pies per year should be produced ithe pure mathe-

: .matics area at Waterloo. s

:

, . .

Carleton University ,Z

,

Carleton University has a large iend reasonably well balanced

staff of pure mathqmaticians. It is particularly strong in algebra and \..2

related subSelts such as number theory and geometry. In addition the

department bas-some-outstanding analysts working-in potential theory and-.

classical analysis: which nicely rounds out the activities in the other,

more abstract arias mentiOnn. ..,
1

The- staff appears to be an enthusiastic anli.veryactive group;
moreover it shows a great deal of initiative in supplementing its research-
programmes-with a steady stream of distinguished visitors spread over many'

areas ofmtathematics. The algebra days organized by'the deArtment are

now a firMdy established activity of the department and contribute sub.:.

stanfially to the.intellectual life in the Ottawa area.
s

.

Since the start (some six-yearsag ) .of,a graduate 'programme

leading to a doctoral degree; thedepartment as developed an honouss

undergraduate programme of high quality' and b eadth. This he1p4 to

provide an excellent base of courses for the raduaty programme

.

Helped by'its location in Canada s capital, the department seems

to be.able to attract an Adequate numblr of qualified and gifted students.

The overall.quality of the dottoral te4ses, wee examined was
was,

if not .

anoutstding. The .morale wthe we intervieqed was,gbod, and

mast of th were happy. with their decision to go to Cai'lsoton.UniverSity

for thei ciliate work. We spe no 'special problems in lainfatning an

effective rammein the near future, if theroviaa government
continues to support graduate work'at the p Level.

J
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We recommend that`:
i) the MSc programme, continue; . at

ii) about one PhD a year should be produced in the pure mathematics
area at Carleton.

-

University of Ottawa s'

The University of Ottawa offers an attractive and broad 'progFamme
of courses in pure mathematics. It is bilingual, and therefore an plly

--a special role in servicing the needs of French-speaking students. This
seams, to be especially valuable for 1160 students, although all of the more

'advanced students we talked to could understand English without trouble:

The staff was'enthusiastic about a new master of arts programme
for mathematics teachers-(MAT degree). .We think that it'should be a major
part of the department's _graduate progr.amme to meet whatever need there''
'is for well trained teachers of mathematics who will teach in French.

The theses produced in t e master's programme, largely by foreign
students, were of aCceptable qual ty. Our advisors .considered the doctoral
theses to be substandard. The n mberof doctoral graduates over the last
ten years has heen so small tha continuance of -the programme is becoming
questionable: This seems teb especfally true. because of the lack of ,a
group of outstanding mathemat'cians in any-ohefiel-E--anZethere are

der}! few Canadian graduate s udehts or undergraduate hondurs students
in mathematics, we"see no,r ason why this situation should change.

t francophone CanaVan populatic produces more
and are able to,doliathematical research of good
ight,improve. ,But we found only one such student

oral programme. His prospective thesis advisor
m France visiting Ottawa for a year. The student
is to complete his studies. Hence, while the hope

le no other,Ontario university can perform this
is a strong Onus on the part of the University of

it can attract sufficiently.many Erench-speaking
nough ca'libre!, The attraction of such students is
It because of the competition fpm well established
e province of Quebec, especially tpe"Universite de

Possibly, .if

young people who wish t
quality,the situation

' who was enteringa do
is a mathematician fr
expecte4"go..-to Pa
is laudable:4,and wh

specific rolt, ,the

Ottawa to show tha
students of high
.especialIy'diffic

universities in
-Montreal.

Under
441,

of the doctora
to 'continue fo

appraised.

p.re
*
sent circastances We seriousIT question the viability

programme'in pure mathematics. While it should be allowed
a furtherlitwo years, the programme should-then be externally4

.

NI.
.

, -
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,gecombendation-5
#

We recommend that
i) the proposed MAT Fogram:lie

ii) the MSc and MA programmes
. " iii) the doctoral programme' in

for twoy ars after which
to exteri al appraisal.

Queen's Unive'rsity'

I

should be'dOeloped;"
'should' continue;

pure tdathematiCS should

its viability should be
qpntinue
SUbject

"f!

Queen's University has a large and well balanced staif in pure
mathematics. Thus it has aivety active group working in the Afeas of
modern algebra, notably in commutative algebra, algebraic geometry and
number theory. These activities have Attracted many visitors from Canada
and abroad. During the last three years, the department has ccinducted a
summer programme which is loosely referred to as Queen's open house for
a],gebraists. We observed thattheseactivities have contributed sub-
stantially to the...graduate programme.

There is also a wide- ranging strength'in kunctionaI'analysis;
which extends from operator theory with applications -to physiCs and
the mathematical foundations ofquanIum mechanics and differential
operators, to areas in pure functional analysis such as measure and
integration theory, the theory of normed linear spaces and the theory
of Riesz spaces.

The department has a -lbng tradition going back to the days of
Professor R. L. Jeffery in the training of mathematicians at the under-
graduate as well as graduate level. The programmes are of excellent
quality and breadth and should certainly continue at their present'level%
Indeed,-it seems especially true at Queen's that the staff could capably
handle a larger number of qualified graduate students.

The department is housed in ,a new building on the campus ed
after R. L. Jeffery; it*isthe most functional building housing a m ematics
department of this sire that we have ever seen.

Recommendation-6

We recommend that the MA, MSc,and PhDeprogrammes s ould
continue at\their present .level.

4
That of the University of Waterloo is much larger-;----- and Toronto would
also need a considerably larger building:

,0

c
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'McMaster University

We now turn to the universities located in western Ontario, other
than Waterloo.

4

4 ,

The mathematics department at McMaster University'includes a
large highly.expert group An algebra, especially in universal algebra,
where a measure of internationalteputation has been achieved., There are
also a few specialists of recognized quality in other areas, notably in

. topological vector spaces and combinatorics, but the overall research
effort in these areas, while acceptable; does not have a' compaable

' 'international reputatiOner_

The number of graduate students'is large (about,20 doCtoral
students and 10 master's students) and the depattment teas no difficulty
in accommodating this number. Partly,because the undergraduate programme
is broad and of high quality, these students have a good range of courses

pfrom which to choose. The number of foreign students is small, but during
the last few years the department has been experiencing greater difficulty
in attracting qualified tanadian students.

The majority of the doEtoral theses which we,examined Were,Y-,
understandably, in the area ot algebra..'Their overall quality was
acceptable, although we did nest see' any,Whish we could describe as
really outstanding. The same/' 'remark applies to the quality of the master's

theses.

The students we int iewed wereon the whole content with the

education they were receiving. Of course, they expressed theix f9ars abcTi .

the prospectt'of4obtaining a pqsition in the academic world. 'The depaft -. ._,.

ment would.dO well-to-look into this matter, and ,to see whether they could
change, part of the student's training over, into areas of applicable
mathematics such as statistics and computer sclace, _Likewise, the pure

.0

analysts should `try to establish closer relatiOnsIgith the applied;mathel- 0'

mats ians. Unless some. positive steps are taken, we_thih4 that t will be'

dift cult to maintain a lively and ,vital progtamme in,p.ure anal s
.

14 stet. %More generally, wt think ,that steps should be takext en
and . deepen the training of the pure math maticiana, and that al oral,

theses should be fewer andof higher qual y. . Ai ) ,
Recommendation 7 ' ..* .

-0/".--- -

r

6.1

We recommend diet:
(1- *:11/' 0

. A N

i) the' MSc programme should dOntinue; . . .

.

.

_ii) steps should be taken to make the analisis section'of the PhD ,..

Pl6graM'me more in hue with current interests and.applAcations4
iii), subject to (ii),'ihe PhD programme Shourct continue aiming to,

prodce one or-two PhDs per year:

. . ,o, r. ,

.

I

9.,
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University of Western Ontario

.
.

There is Considerable basic Strength in the mathemati41 cal sciences

et the University of Western Ontario. Thusith-d-u4dergraduate honours

prbgramme is of high quality, and graduates of this programme an well

prepared far graduate work. As a result, little additional effort is
. . ,
require& to

.
maintain a good master

,

s programme in pure mathematics.'

A-38

4

,Moreover;` it is a policy of ,the university to have a,majorify

graduate. students Milgrim. Hence, there is not the domination

o; the graduate class by-foreige,studentsyhich we hive at some Ontarib'

universities, althoUgh foreign students form a large part of.the gradUate

student body:

c
'However, we foresee anuMber oP difficulties

-,good doctoral programme. First, it-should be recognizok

research strength of-the department is. in classical mat

largely in one narrow area:, namely, summability theory.
some strength in- algebra. As a result of this limited

in niainining'a
d that the main
ysis and this-
There is also

coveJAAg_the
4".

semi -group orb

were woyrking in

doctoral theses tend to be unimaginative and technical.
of the theses re in some 'aspect of summability or in

automata theory, and all of the-students We interviewed
these' topics,. I

Stated another- way., there are only. a few" senior faelIy members

066 have strong research reputations, and these are -concentrated in two or
.

three very limited fields. Unless the research capability-of the fadulty
can be.subAantially broadened, we question,its ability to attract-enbugh

quallfied graduate. students in the future to maintain a viable doctoral

Programe. The bulk of "the facult is Young,-about one-third of_ these

-being non- tenured.' To broaden th doctoral programme, itmould be necessary.

to appoint several more strong' research mathematicians, which appointments would

-kohably lead to iireduftion in'the number of non-tenured staff.

," 4'
It would also-be helpful to-foster cooperation between Ohre and

applied' mathematicians, which has .been poor in the 'past. We were told that

attempts are now being'made to resolve.the underlying disputes in a satis-

factory way. Ifithis can be done; applied mathematicians whose interests
include theory could.help!'conaj:derably in bolstering the doctoral progr

in pure mathematics.

. Recommendation 13

4

We recommend that:
i) tlle MA programme should continue;

ii) e forts should be made to broaden the PhD
meantime.the prbgramme should continue
which its diabilit3f should be reapprafsed externally.,

r \111r.

Air

rogramme. In the

r two years, after

.41 II

S.
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$P
University of Windsor

,,.

./

The faculty of mathematics at the University of-Windsor is so
smell that to compartmentalize its activities into four areas hardly
akes sense. It has.lostithroughNretirement its only distinguished
enior ppre mathematician. , Althpugh this member was not ective.in super
ising doctoral theses, he was largely responsible for upgrading the

undergraduate honours programme, which-we find often includes a good
nucleus of courses suitable for a,mAster's programme.

,Otherwise, the faculty of pure -mathematics consists of a small
nuRher of young mathemlticians, all of$6hoM have tenure. Hence vacancy
for a senior man seems unlikely in the near future. 'Although one member
of the faculty, who now provides leadership in applied mathematics tiould.":
also be.capable of supervising a thesis in gur mathematics, we doubt

whether this is an adequate basis for an official doctoral programme.
Indeed, in its whole history, Windsor has had only threedoctorates in
pure mathematics and only one thesis supervised by .a present faculty
member. -/

Moreover we wonder hpw many Canadian graduate students will.
elect, or be well advised: to pursue 2 doctoral $rogramth in- pure mathe=
matic,s at the University of Windsor.' Eorthe above reasons, we wonder
whether a cantinuing'doctoral programme in pure mathematics will be
viable there.

Recommendation 9

We recommend t at the PhD pro range in pure mathematics be
reappraised far its Viability a r two years, along witH
those of the'UniVersity of 0,ttavd and the Unive*sity-of
Western Ontarld. ,

._
.

-University of Guelph

. ' The University of Guelph has a programme for an MSc in pure
,mathematics and'a qualified staff, but no students. 'In view of this lack
of students, the facility members were' interviewed regarding their attitude -

towards gradua e work. -There appeared to be no stronvcovensus. Two or

three members eras - 'enthusiastic, some would be happy to participate, and

some were indi fet-ent. Some of the indifference centred.around,thevalid
contention'th an .adequate prr4ramme of courses cannot be offered without
a reasonably large body of students. , . .

---,.' Roweirer, some graduate students in statistics (section.IIre)
expressed a desire for a broader progratme in t'h mathematical sciences.

44,

9,4,

.,
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,- . ..-.e
) In view of-thn, we wonder whether it might not he best for

Guelpliito offer a single set df courses Jit mathematics. Al the master's

level, emptlasizing statistics". if some graduate student taking this.pro-

gramme happdhed to qualify for an MSc in pure t4them4tics, his degre%

1 ,could thisthis tiale. ,

%. .,

.1488"-..'

... r ,

Z11,1,...

, .
,Oellph hastgo current plans for a doctoral programmeogand this

`is as it should.be. Therefore no special recommendations seem called for.
- It

TrakeRead University

,

Because of pits geographical remoteness, Lakehead University has,

very special problems, for example-achieving contact with mathematical'

collaagues'and with distinguished visitors available to the"universities

of the populous part of Ontario. Because of the small size of its staff

and prop-Times we wonde how desNablipp is to compartmentalize graduatl

mathematical instruction at takehead i to fourlseparate areas, cencerti

`already expressed for Windsor, York and Guelph.

, 4 y-
As things stagd,41akehead has a group of seven pure mathematicians.

There is ''some strength in the areas of point -se topology, measure and

;integration theory and geometric Banach space theory.. Theresearch effort

in these areasjs reinfcrced.by the work of staff members in the applied

mathematics group inathe theory of differeitial equations and numerical

analysis.

rt

0
Since th,statt mf Lakehead University, the mathematicians

have developed an honours undergraduate progVamme. Thi& programme is

now.firmly estabshed a!id appears to be well balanced in breadth and

depth. It forms a good base for the restricted master's programme in
Which the whole department is actively engaged. The-staff unanimously

sated that the graduate programme was of great importance to them.

ver, the programme seems to be unable to attract_sufficiently .

many Cana students. For instance, the six incoming students this

year.are foreign.with Qne exception. In anothe'dAattion the programme
teems to have little appeal to the high school mathematics .teachers in the

area. In fact, the teachers who would like to pgt a master's degree prefer

the easier cbrrespondencepprOgrammes offered by other universities in

Ontario, such s the University, of Waterloo, and which as a rule do not

require the student to write a thesis.

Despite thee dbstacles1 the staff has success glly educated a

small number 14f graduate students. The master's theses we examined Were

on the whole wells written.and in areas of mathp.Matics current interest.

In fact, the Olieity of some compared lavoratily with those produced -at'

other universities in Ontario: ,%

I 0
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V

The master's programme in pure mathematics at Lakehead is
turrently restrictest to the areas of.logic and foundations, toPology
and geometry, real and complex analysis, and functional analysis..;'Sice

:' the staff has grdwn to the point that they are capable of offering a
reasonably broad education in pute mathematics these restrictibns become
artificial.

.

"In order to make the'present progtamme more flexible and competi-.

tive, as regards attracting,eanadian.students, we .recommend that serious.
consideration should be given,to authorizing the department'to offer an .

unrestricted programme at the master's level in mathematics, and to allow
the department to award the..mas:ter's degrees by course work, or by thesis
as warranted. Some emphasiS on numerical analysis would be appropriate.
The department c.ould submit a new proliosal along theseliees for appraisal'

no.

Recommendation lO
, 4

. , . . .
.

We recommend that Lakehead University should he encouraged
to submit for appraiSala programme for a master -'s_ to mathe-
matics unrestricted in scope_and covering a degree by course
work or thesis. .

, '..

.

York University

York niveTsity has only an MA programme in mathematics. Moreover,

the staffing of the courses for this programme'is uneconomical because its
courses have a small enrolment due to the small number of undergraduates
'majoring in mathematics. Part of the reason for the latter is tat mathe-
matics is in the Faculty of Arts and is housed in an arts building. The

-science buildings are.physiaVy removed by a considerable distance and
hence the tendency is for the various science departments, to offer their
own-mathematics courses. -Perhaps the shifting of, the department to facilities
physically closer to the science faculty would enable the- department to
play a role commensurate ,with its-resources.

Actually, its resources are consi erable. Iti the area of combina-

torial group theory it,is the strongest c rtmant in Ontario. It,also has
-strength in classical analysis and also considerable support strength in
other areas. At present this talent is not used to the utmost', .

The departAt should certainly be'allowed"to maintap its MA
programme,- and ways and meats should be explored for the department tb.make
better use of the talent available. 4If.possible,,,the department should
:try to atrange with TOronfo and other nearby universities for some of its
members to participate actively, and with recognition, in their doctoral
programmes. Several of the faculty at Toronto and Waterloo JIkedthis idea,
and many of the faculty at York expressed a strong.deslre to act as thesio.
advisors if such en arrangement could be Made. K,

9
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Recommendation 11

.

We recommend that:
i) the MA programme should continue;

ii) special epota sh d be made to involve York in

rythe supervision oriesearch stunts at other univ rsities,
especially the University of Toronto;

iii) the location'of,the Department of Mathematics vis-a-vis the
Faculty of Arts and other faculties and colleges should be
reviewed by the University.

`

4

,
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B. APPLIED MATHEMATICS.

A- 4 3 4
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14roduction

Four important interrelated considerations underlie our
discussion of the area of applied mathematics. The first is the
difficua.ty of defining With any precision whatconstitutes applied mathe-
matics. The second is that, under any reasonable definition, much work
that is proifrly regarded as applled mathematics takes place not in
mathematicsqUepartments but in other departments, notably of physics
and'engineering. Thirdly, 'there is overlap, and indeed there should b'e

0 much more overlap, with the oiher-ACAP areas. Fourthly, Although-the
great historical triumphs Of applied mathematics have been in the physical
sciences, and these types of'application will surely remain of great impor-
tance, there has been, in recent years, a'large expansion in the range of
applications of mathematical ideas and this poses a great challenge to

(applied mathematicians. We begin by discussing these points in.a little
more detail.

Essentially mathematics becomes applied when it is used to
solve problems in the real world "neither seeking nor avoiding mathematic*
difficulties° (Rayleigh). Because the same mathematical, technique maybe
applicable in many different fields, a good training in applied.mathe-
matics should be aimed at producing a versatile scientist. Yet all branches
of mathematics are potentially applicable, and indeed once one application
is found for a particular kind of mathematical idea analogy will often
suggest others. Thus the mathematics first introduced to describe in
highly' idealized form competition between species (predator - prey models)
later turned out to be central for nuclear reactor theory, where it has
become very precise and sophisticated, and has applications too in operations "'
research. Thus, potentially, applied maddematics covers an enormo
area, being coextdhsive in one sense with quantitative thinking. I

this broad sense, the area racks unity and is much too large to b
compKetelyin any one institution.

overed.

Further, many applied mathematicians study technique assuch
in at least some.of their work; and_in this respect might be consi4ored
pure mathematicians. To draw any rigid diVision between ACAP areas is
wrong. One of the dangers of the subject, however, is the Specialization
of arid exercises in technique, divorced from real applications and yet of
no lasting significance as pure mathematics, and we regard,genuine involve-
ment in applications as crucial for the health of Any applied mathematics
group.

Applied mathematical rk, including the supervision of research
students, That is very direct concerned with particular applications is
often found in the department of,application, -While in our visits to
univthities we heard much of such work, we were not able to assess it in

*1 any systematic fashion; see 'section 111-6. This means, in partictlar,
that' our recommend.itions for individual universities inevitably.cannotibe
as, detailed as for the other areas.
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Until iafrly recently, the greit majority of applications of
mathematics have'concerned the Wysicel sciences, either iii classical
continuum-Rhysics,relativity and quantum theory, -or in applications
to aeronautics, chemical engineeiirg, etc. There are,.howevet, new
chapenging problems requiring applied mathematical work arising in many
other fields, for instance in earth and dtplanetay physics (includi
meterology,,oceanography,,etc.), ,ecology, genetics,.virology, bio hemistry,
xeurophysiology, theoretikal psychology, control theory, systems analysis,
operations research, management science, business and economics modelling.

There are several implications of this broadening. First some

'kinds of appliication remain active and exciting for fairly short periods,
10 years or 'o. Because a faculty member may/be active in his subject for

. 11 3Q -40 'ears, it.follows that an appreciable pfoportion of applied mathe-
matics faculty must be prepared to change their main fields of interest,
possibly several times. ContinUous reappraisal of topics of interest is I

required. The area will not remain vital ifdepartments of applied mathe-
riatics consist largely of self-perpetuating groups.

Secondly, while we appreciate' the importance of the traditional,
fields of work in applied mathematics, the employment prospectathered
severely limited and we strongly believe that the training of applied
mathematicians should be more deliberately aimed at the main employment oppor-
tunities. The receni distressing decline in the number of applications for
graduate work in appAied" mathematic's is probably connected with students'
appreciation of the limited job prospects.

Connected with this, and for other reasons as well, some changes -
in subject emphasiS seem,called for: The traditional topics,auch aa
ordinary'and partial differential equations, asymptotic expansion, etc.,
remain important of course. In addition,however, links with computer science

and some of the newer topics in pure mathematics need fostering; further,
some knowledge of Oplied probability and to some extent statistics will often
be required by the applled mathematician. Indeed, the fairly Oidespread
separation of statistics and computer science from mathematics has weakened
applied. mathematics internationally. Mathematics departthenv are the selves.
largely responsible for this separation by their failure to support these
subjects adequately when they first became vigorous. -

-Although our information about programmes in other departments
and faculties is incomplete, we believe that applied mathematics programmes/
which emphasize applications'demonstrably beneficial to society will
flourish most in the next decade or two. For one thing, students taking
them will have better employment prospects. Such programmes might wejl be
given in cooperation with engineering departments, just as some cur nt

programmes emphasizing qUestions in theoretical physics would ben it from

joint supervision with physics departments. Further, we'questio the need

for more than one doctoral programme in Ontario centring aroun general

relativity.

f4



'1.. -

A-A5

4-

Finally we note that the ahove discussion has important implica-
tions for ,the teaching of mathematiCs tb students of other departments";
see also section 11-C on the teaQhing of statistics to such students;

While,in many of the universities we visited, there was clear
awareness of so-called modern applied mathematics, we feel'that the full

oiMplications of a broadening of the role of applied mathematics have yet
to be impleMented,.in Ontario* and elsewhere.

We conclude the general discussion by a number of broad
fecommendations.

Recommendation 12

t^

We recommend that: .

i) there is egeneral'need fort reexamining the.role of applied..
mathematics;

ii) further, there wil4be a need for continuing reappraisal,
., with attention to research and training in applications

good employment prospects in Ontario and Canada;
iii), to. ensure genuine contact with applications much greater

of interdepartmental appointments is desirable.

- The .eoleman report is also relevant to our general remarks (see
section 1-1).

'We now give our comments. on individual universities

University of Toronto

The University of Toronto has 29 equivalent full-time faculty
members in applied mathematis.'_There has been considerable doctoral
thesis supervision in this area, some in cooperation with computer science.
Thus in' 1970 -75, there itere 16 degrees awarded: 8 in applied analysis,
2 in classical applied mathematics, 5 in mathematical physics, and 1 in
modem applied mathematics. However, there has been a'dramatic recent
decrease in the number of graduate students, and the staff's instructional
efforts are now mainly devoted to undergraduates.

We surmise that this decrease was due to the academically oriented '

emphasis' of the programme, and we note with approval recent concern with,
the modelling of tidal energy. Thit development seems consistent with
Toronto's response to our advisors' report: that it.was because "the main
'applied mathematics' apeoach" at.-the undergraduate level was supervised
by the Engineering Faculty, and bedause 'Mathematically able students who
do not wish to follow,the abstractiOns ofPure mathematics have turned in
increasing numbers.at the undergraduate level to the-new challenges of

1Q

At
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. computer science, or ... Such disciplines as economics". MareOvre, the \

repOonse continued "Nitil recently, applied matheketTts doctoral students
were required'to satisfy'precisely the same comprehensives' as all pure
mathematics studentg, and although ameasure.of flexibility, as pow been
intjgduced,-the pure matheMatics demands on applied'mathemati f&tgdents

are still considerable. ,This.is a deliberate policy of 'the de altment,
and has definitely acted as a control,on the number of students in applied 1

.
mathematics that could be. considered for admission to the Department;.it
-also implies that the student& who do come concentrate more naturally in

areas such as mathematical physics. Those with areal interest in inter-
disciplinary'studieS involving mathematics have tended to go. to the, other

department, from which they availed themselves-''of both undergraduate and ,

gradUate courses offered by the Mathematics Department".*

,
If Toronto wishes to foster a strong graduaCe programme in applied

mathematics as such we suggest that it fOrm an interdisciplinary committee
nompOsed of distinguishedqaculty members sympathetic to this idea, whose
,mission would be tp reassess the pro ramme and to define its focus more

clearly. Such a committee should i ude a statistician and a computer

t,scientist, -because applied mathemat c _involves these two areas, We'
urge..phat the Department of Mathem ics

d
give this committee a free' rein

and moral support.

Recommendation L3'

We recommend that an internal interdisciplinary committee,
sympathetic to applied mathematics, reconsider Toronto's
role in this area. Such a 'csimittee might well recommend

the formation of an independent department.

University of Waterloo

The status of applied mathematics at Waterloo has some features
in common with that At Toronto. Both dffer master's and doctoral nogrammes

in all four ACAP- defined fields: (i) classical applied mathematics,

mathematiAl physics; modern applied mathematics,' and (iv)

applied analysis. There.are 26 full-time students. Most Activity in

continuum meFhanics is within the Faculty of Engineering.

_ Also as at TOronto, there is an emphasis on applications to
theoretical physics; indeed there is an especially large and active group

in relativiiytheory. There 'Ras been a similar repent decline in graduate

enrolment. Oh.,

,

*
Quotationd taken from a letter ft-om Dean-A. E. Safarian School of Graduate
Studies,. Universityof Toronto to Dr, H. H. Yates, Executive Vice-

Chairman, OCGS; dated December 16, 19$5.

v
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4nother'gpecial feature is the inclusion, at Waterloo, of a
distinguisAed and well integrated interdisciplinary effort in quantum
chemistry. -Here strong use is made also of computers, in cooperation with
the Dekartmeht of CoMputer Science, and the effort seems to be affiliated
)ii.th'the Guelph/Waterloo Centre for Graduate Work in Chemistry.

Thus, at Waterloo as at Toronto,'the graduate progiammes centre , .

around applications to are"ft of pure science in which there are few non-
academic job opportunities. A difference is that', alereas the emphasis,

at Toronto is Oh maintaining strict admission requiremes, at.Waterloo
there seems to be a definite intention to relax sueh r quirements in an
effort to double the enrolment.

We would feel more comfortable about this proposed expansion in
graduate enrolment if we had a clearer projection of job.oppOrtunities in
industry, government, and academe for the master's and doctoral Candidates
.to be trained.

Or

.

There is another difference;-at Waterloo, applied mathematics
is very largely independent .of pUre mathematics.

RecommendatiA 14
IF

We recommend, with the preceding considerations in mind,
a continuation of. the MMath and PhD programmes at Waterloo,
but with increased emphasis on areas in which there exist .

non-academic job opportunities. We also recommend that,
in the near future,, new appointments be made of faculty
whose research is concerned with such areas.

Carleton University

r

_ Whereas the activity of applied mathematicians atToronto, Waterloo,
and Queen's has been concentrated around problems of theotetical physics
(especially general relativity and quantum theory),,,and hence belongs to
pureirather than applied science, the activity at Carleton centres around
problems of informationfand systems engineering. 'Hence it is more "applied"
in the strict' sense of being of direct value to workers in industry and,-
government in the Ottawa area. Though it is not yet as disftnguiphed
scientifically as the efforts,at Toronto, Waterloo or Queen's, wethink
itsfurther development should be encouraged, with additional staff
appointMents if possible.

liecommendatipn 15'

WerecomMend that:
.

i) 'Carleton University cbntinue to develop its interdepartmental
MSc programme in Information and Systems Science and examine'

11L
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the possibility of a cooperative programme in this field with
thc University of Ottawa; - ,

_

.
.

ii) the areas in which the PhD Mitrapplied mathematics is offered

. ' be more preciStly. defined. ,. / ,, t '

,

I.

tlniversity of Ottawa

,"'The University of Ottawa offers master's programmes in all four
ACM', fields,,and offers a doctoral prggraMme in mathematical physics and-
applied analysis. These programmes have not been successful in attract-
int:many Canadign students in the pest, and we,doubt_if.they wilt in the
immediate future. Hence no great loss would be 'Sustained if the University.
of Ottawa had no doctoral programme in applied mathematics as such. '

We consider the contemplaked development of anew programme in
mathematical physics, in cOmpetitio4'"With 't-fte established programmes at
Toronto, WaterloO, and Queen's, to be especially ill- advised. bn the

other hand, th the vast number of federal government employees who
might profi from graduate study; the University of Ottawa has a natural
advantage Over most other Ontario universities for the development of a,
good graduate programme in mathematical economics. In addition to Supplying
'students, the government might well provide interesting problems for
thesis projects. Indeed, it is possibleto envisage many gotrrnment
employees being part-time students, and successfully completing combina-
tions of work-study programmes:

In our interviews, t4ie departments of mathematics and economics

both shoW.ed an interest in developing such a programme. We and the advisors
berreVt that this University should be encouraged to do this,even though'
we are aware that another ACAP group has recommended/against such a
development.

The Uniersity of Ottawa is developing an interdepartmental
programte in general systems and informa,pion sciences, a programme that
thus far.has attracted three students'. It would seem advisable to have some
amicable coordination between this progratme and the similarilmkgramme at
nearby Carleton, avoiding Undesirable duplication and maintai g cor6olon)

standards to prevent Gresham's Rule from degrading both programmes. If

this can be achieved, the obvious enthusiasm that the Ottawa-staff and
students have for the programme would cause our'advisors to endorse it
for appraisal.

Recommendation 16

We recommend that the University of Dttawh 'be eneouraged:
i). to develop an interdepartmental MSc Programme in mathematical

economics;
.

It)

,
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ii) to examine the possibility of a cooperative programme in
the field of information and systems 'science with Carleton
ljniversity. /..

Queen's University
1

There are 12 faculty members actively engaged in research in
appjied'mathematics, and as many graduatestudents. The cooperative pro-
gramme in control theory with electrical engineering seems to be the
strongest and Most closely knit effort. It is the only programme of its
kilt in Ontario. Control theory is an importaa4,branch of modern applied
mathematics having direct applications to technology and significant implica-
tions for pure, mathematics ".

There is also a wide-ranging graduate programme in quantum theory.
Bothprogrammes seem to be on a high level of quality,'but hay! few graduate
students. Thus, they conform to a pattern which we think is quite reason-
able for the future, for irogrammes not correlated with job opportunities.

We suggest the Possibility of broadening4he programme in
control theory, even if only at thp master's level, so as 'to Trepare
stuc4nts for non-academic jobs. We would also suggest closer coordina-
tion at the graduate level with computer science, having in mind the fact
that training in applied programMing may be very helpful for men know-
redgeable in (mathematical) physics who.are seeking non-academic jobs.

Likewise, we suggest that the promising interdisciplinary efforts
with biology (including STATLAB) be given greater visibility by being cross-
referenced as part of the applied mathematics effort.

Recommendation 17

We recommend continuation of the existing MA, MSc and ThThprogrammes
in applied mathematics at Queen's bniverstty, but with -increase&
emphasis at the master's level on applications associated with
non-academid employme0 nt opportunities. '

University of Western Ontario

The MSc and PhD programmes in applied mathematics at UWO are
_supervised by sixteen faculty members. These faculty members have on the
whole remained active in research ever the years since they joined the ,

faculty, an have produced a steady stream of research publications, ,

some of.high quality. Several enjoy international reputations which
reflect credit on their university and the province of Ontario. The

graduate courses make up a strong MSc programme in applied mathematics;

we noticed no significant gaps. Both the quantity and - quality of the research,



J-

,A-50

41.

k

are good, particularly In continuum mechanics, related applied

analysit, and theoretical physics (e.g. positron annihination and fplaana.

theory).
,

We feel that the staff should continue its strong MSc programme

in applied mathematics,' with an occasional PhD. But it is unlikely to

realise itt full potential until certain deep-rooted problems within

pf'Western Ontario are resolved. In particular, the

furitre organization A mathematical physics.and cheoretical physics
within theUniversiity is under review as a conse4uence of.tke recent

ACAP phySics assessment. Certain tensions seem also to have been

.
generated between the Departments of Pure and Applied Mathematics.

The University adMinistration aware of these problems and has formed

two internal committees to study relevant aspects of them. We hope that

these committees will make pqsitive recomplendations for applied mathe-

matics at UWO, and will take into account thageneral observations made

earlier in this eport,

,

Recommendation 18

We recommend that the University, of Western Ontario continues
its strong programme in applied mathematics, turning out an

occasional PhD. Any.pther recommendations must be deferred

until after existing coMmittees have succeeded in resblving

internal problems.

University of Windsor .

There are eight fact4ty.membeis engaged in applied mathematics,
almost all in the Mechanics of solids and fluidsvor in applied analysis.

The group working on. the mechanics of solids, is unique in Ontario; although

- mostly concerned with "ideal" solids, it appears td cooperate well with.

the Departments of Civil and-Mechanical Engineering. There are about-

10 graduAte students, and the doctoral theses hive been 'good, in the
mainstream of current research and read by distinguished external- experts.

Recommendation 19
4

We recommend a continuation of these programmes, but with an
internal review \in the near future of non - academic employment

opportunities for graduates of the doctoral proeramme.

University 'of Guelph..,

The Department of Mathematics and Statistics has so f r

'attracted only one (part -rime) graduate-student in applied mathematics,

though the staff could easily mount an MSc programme. We suggest that

10
. ,

-
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a programme emphasizing appilicativons of mathematics and statistics
agriculture and biology migEt well attract students,andbe uniqu'e in
Ontario. In mpst areas, it would bedifficult/to compete with nearby,'

, Waterloo.

No specific recommendation seems called for.

.Other programmes

No other graduabe programmes in applied mathematics as such
were called to our attention, although several-existing degree programmes
discussed in other sections could be construed as having an .applied com-
ponent.

N

!1

1

S.
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Introduction
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This sectionof our report deals primatAy w1 h comments',on

individual universities' work in statistics.' -

In our opinion, a healthy faculty groupiA s'tatistips'hust be
Involved in research and have gdod contact with tic That is''.

necessary'for lively undergraduate teaching lf,for no other reason.
Whether it 'is necessary to havd doctoral Students, or even speEialized
graduate-courses, is less clear; with intelligelt use of the opportunities,
foi interunfversity collaboration, -a gioup could be active and sucoes4f01

in research'without graduate students, We have discussed this Impoitet

matter further in-section I.

We recognize ' useful no nrigid distinction betweenapplied
probability and statistics ;'. the former,sdeals with.thestudy-o,f.probability
models arising in the physical and biological' sciences,,operations research,
etc., whereas the latter Is'primarily concernej with the analysis of data,

and the design of invdstigatiorts. With some exceptions, we notealsur-
prising province -wide weakness the former.

44 ,

4

As With otheracinds of application j6f,mathematical ideas, close
coiielation between theory and application is vital in statistics. Odd ,

applied statistics goes together with a contemn. for nevi theory; mathematicti

'statistical theory that is not ultimately motivated' by or relleted to any t.

appLicat4on is likely to be arid. For this reason we have nc.t followed

the ACAP subdivision of statistic. into five or ere fiefs (mathematical
statistics/ a "ed statistics, etc:). Inany case', to,havedone so
would have inva von dealing With very small numbers ofj-facullat-ln any

institution.

As noted again.in section III 1-6Ntour report, the consultanits
and advisors on their visits were able to t faculty from other depart-

.

bents butnot tomake a systematic assessment of statistical'work'Outside .
the mathematic. or statistics departments. CertainlyfulF.appreciation-
of the work in statistics on any campus would involve examination of work

in many other-departments: economics,epidemiology, physids? law, agri

culture, etc. ,

. We believe that statistics has a good future in Ontario'and
generally, essentially because as' 14411 s already established types of
applidation, there remain many problems in industry; agriculture, govern-
ment and the professions with an as yet unsolved or Unrecognized major
statistical component. For that reason we believe that the effettive"
demand for statis,ticians with.a graduate qualification will persist.ind
probably increase, provided t4iat-statistica). training achieves a'satis-
.factory balance, between theory and:application. Me found some tendency \

to consider a master's programme in appliea'statistics to beless demand- '

ing thah one in mathematicafstatisticS, and this we regard as a dangerous

V
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vies. Good work in applied statistics

i
nearly always' alls for much more

. .

than- Mechanical application of prepackaged methods.. _

.

. f\

, . 4t is important to distinguish between the role.ormaster's..
'progliramm#s-as a preliminal-y.to doctoral work and as a terminal preparation.

! for applied work. For the latter purpose, a programme takinga well7','
qualified student- et:T.'olve months of'work Should normally include a thesis

----=-,%WMab-itl)roject,' anp ti.i. programme ,should be planned to lay the foundation.'
.i,'for ultimate indepdhdent work of high-standard in.an applied subjecl.

- ...
1'%., -

. , . ,r - . ,, .

There are a number of exceptionally able statisticians and
' u- ..probaballsts -in theprovince's univdrsities. On the other hand:, most of
Ai' the institutions contain also faculty of uncertain quality,, inactive in

research and withotit compensating' special strengths, so far as we'dould
judge.

, .

_ . . , .
,-.:,

alities of the graduate student bodies in
. somet:mes,,Puzzlingly between! institutions,

reasg s for- these variations,:

The numbers and guy
Statistics varied widely and
we can only speculate .on the

.4

.ome.grganizational problems
e .

*

A
'

'O , ' j. ...

:Ttierelkmre three world-wide prbblems in the organization bf
katiSfICal work. fn a university:

a)

b),

how should the sefvie teaching of statis

wha,t--arrangements are appropri-ate'for dis

work in the applications of statistics as
-research of faculty and ,graduate student's
on ihe:sampus;

l'er should Statistisicians be- within a departilent of mathematics bi
ina separte'Eepartment or in several departments.

Except-ift so fat as gtaduate cdurses are concerned, problem....
(a) is outside our terms of reference. Nevertheless the subject is so

1 "important that We make some comments% Similar .remarks are'relevant to
:'Computer scieric'e:and to the teaching of dathematica;'see section IL(

110 . Statistics can be taught to students in a particular field by'l?ariolla
kinds of teachers,listed.betw in decreasing4radyr of preference:

.

'i) a statistic4an With -a substantial experience of applications .'
ta_thatfield; .

.

.

ii) by a worker in toe fiel&.with a sound knowledge of statistical
technigue'and.in closetnteLlectual contact with' statisticians;

tics ae handled;

cussion gand joint
they arise iihe
in other dtpartments

11i

v.

4s.
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A iii) by
,
a statistiAan'famirl i'ar with o ther applications, but nod

.

.

'special knowledge clos, to the field in question; .;

. ..

' iv) by a
.

pure theorist not involved in.ap plicatioas;

- , -

ii) . by aliorker in the field 44,1th an inadequate knowledge of
,

statistical id.. ,

I

A

.1 .

While,mu ust.depend on the Merits of, the individual teacher,

we regard (0'. as i eal, (ii).aridAtii) as.normallypentirelY satisfactory,(

(iv) as poyr, and (y) as potentially disastrous. -, #.

4

I

OneSolution is'tiftat of joint appointmentS'; it is Of course

espential that people so appointed should get fair promotion and tenure

treatment. Another possfftlity is that o, f_appointment to a central '

. statistical,group'with specific Commitment to ap.plicalions in `one or more

field,- We recognize that,f;om'the point'of vlew,of departments or.
.faculties having to give up scarce resources to support a'cehtral statistical

group it may well,--be _financially more immediately attractive to retain the

teaching within their own department., -Very often, howeYeP, we believe that

-maintenance of.academic,standards and iperall efficiency will favour central

appointments and-we trust that deans will give this point'fair consideration.
.,

These remarks have relevance to areas other 'than statistics.., They

. are relevant' so to the second broad problem, that of statistical consulting.'

v:Te'were yery d to see that some Ontario university statistics groups,

have formally, tablished subgroups to catry out collaborative research'

with,faculty and ,students in otheAdepartments. Such groups should

be strongly encouraged. They provide excellent training for students,

motivatidn and stimulatiOn for faculty'and stu mss, oppartunities for

campus*vide commlintationcand integration as w 117 1 as contributing to their

immediate objective. We 'consider it extremely important that even if

such help is loosely organized adliquate financial'Sundor4 t should be granted.

r.

The fin'al general problem is that of the siting of statistics

, groups within a department of mathematics (see section III-9): That siting

may, but need not, lead to,such difficulties as the insistence on criteria
for-degree..work that are totally appropriate for pure mathematics but less
universally applicable inmore, applied fields, and to similar emphasis in

, .

considering faculty recruitment and promotion'and in the type of research

that is highly regarded. -There may also be a somawhat lukewarm attitude

to collaborative wOrk_with other departments., PrOvided these difficulties_'

are'Controlled2we see solid advantages to Statistics b4ing in a mathe7

matics department with a substantial degree of autonomy'over graduate

work. If there is a group of viable size and calibre, and such difficulties.'
, --

cannot be resolved, a separate statistics department is normally to be .

preferred.

a

5.1
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University of 'Torrto

We consider that major changes of lrganiization. are required iA f
statistics at Toronto is 4o play a le(ading.ro the province.

We were very favourably impressed with the graduate students whom,
we met. Further the group has an outstanding supervisor of research and
a number of'other faculty of great ability.

We consider, however, thatthe range.of research topics for
studenis,should be broadened and that the links between work, in theotetical
statistics and In applications should be' strengthened. We note that
a surprisingly high proportion of:the group'have a poor record,of published
research (see Figure II, Chapter I).

A report has been prepared by Professor D. B. De,Lury on the
future in the University of applied statistics and of the Institute of
Applied,Stattstics (the report was not available at the time of the visit
by the aeisors and consultants). 4e agree with the analysis in the report;
indeed many of the points would be very widely applicable to universities
throughout the world. J4e'agree in particular with the conclusion that the
Institute must either expand -or -cease to exist in 'its present form. We
do,, however, recommend very strongly that.the future of applied statistics
sh9ull be considered in--the content of statistics as a whole, and that
greater merging of theory-and application should Be achieved.

The setting up of a department of statistics is one,` possible way
of attaining greater unity and sense of purpose in the statistidil work ;-

at Toronto; the formal organization is less imVrtant than the
tic:in of obfectives,.

The
)

status of probability is sometimes advan d as an argument
d against the,inslitution of a separate ,department tatis4cs. This

is unconvincing. Alrhough istrength in-probability i required irf both
,pvre.mathematics and statistical groulia, there are Many examples, of

successful collaborative arradgements'involving probabilists either in
statistics or in.mathematics departments,'

Comprehensive PhD requirements need.review. Also there should
be a regular statistics seminar involving collaboration with York UnivAsity.

Recommendation 20

We recommend that: -
/ .

i) thereshould be a reorganization as soon as possible of the
11

.0
, whole of-statistical work in the .

ii) in the meantime 'the graduate programmes should continue;
., .

iii). there.should be a regular statistical seminar invdiviag.some .

.
N.-collaboration with York University.

. .
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University 4 Waterloo

a

a

4

The Department of Statiatics'at the,klnivers ty 30aterloo is a
0

large, busy and productive group4With intelligent gra ate students who

think highly of their facility. Its programiaes.tshow str mgand imdginative

initiative`, and a sensible balance betweerf_theory and application. The

faculty contains a nUmberof strong, highl4able people, but Ats'quality,
is very uneven.

(
.

Thee is a large subgroup of thefaulty doing research on
various aspects of health and agein4.. *The' orgapiiation of experimental
work in the Faculty of Mathematics Is.unusuag.,:and leads to a basic,
difficulty: that of maintaining hAA intellectual Standards for a group
of researchers not in intimate touch with their "home"-departments of

. ..,

biochemistry, etc. ,
%.

. ,

.

At the time of oar vislts'ifiere was:somewakness in probability,l,

pure and applied. Although thislis important, ifnew Opportunities for . 1

faculty appointments arise, additional strength'in the theory-of StatIlticS

should be sought. 'A.- '

; The organization of intrauniversity- consulting Wbrk_in statistics,-
should also be strengthened, and proper academie credit given for such
work. I . f ..

° . .
Because of the strong biological work at the University of Guelph,

there should be increased collaboration with the statisticians there; a
joint colloquium including id addition, Mcflaster.;and Western, should'be

considered. ,
/

. -

Recommendation 21 I

. ft'

We recommend that: . .

.
,

i) current graduate programmes should be continued. and developed
. in the way proposed by the university;
ii) arrangements for "consulting" work with.other departMenta

shoUld be strengthened; there should.bi increased collaboration,

-,- in articular with the University of'GuelphNand other nearby.

universities. ,

Carleton University
.

In general we found high Morale, aTong. both 'faculty and students,

. -an impressiv.4 prograMme in many ways, and intelligent',° energetic planning.
(-

On the other hand, the Level of facul.ty scholarly quality is

uneven. Thefe is excellence in probability, in sample surveys, ant in some
other areas of statistics; elsewhere in statistics, we find less vigor
in the 'cbncerned faculty members. We urge renewed attention to quality

in future decisions about appointments.
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There has been careful thought and planning about relations with
the federal government. Clearly such connections have been fostered, and
in ways we judge likely to be beneficial to all concerned. Specifically,
the nascent cooperative programme, and the institution of sessional lecture-

, ships, seem to us excellent initiatives. A strong statistics appointment
4A-related areas would surely be helpful to all concerned.

There should be increased collaboration with the statisticians
at the University of Ottawa, both over graduate courses .and. for joint'
seminar.

We are concerned at the apparently weak statistical-and probabilistic
content of theMSc programmej.n Iriformation and-Systems Science. Thy
programme has been favourably appraised fairly recently and we do not
recommend another external examination for the time being; internal review

-of this aspeCt is, however, called for; see also the_CompUter science
report, section II -D.

Recommendation 22

We recommend that:
i) the MSc and PhD programmes continue in accordance with the

university's plan;
ii) the cooperative programme should be strongly encouraged; .

iii) the role of Statisfics.,..atid probability in the MSc in'Information
and Systems Science should be given 'an internal review;._

`iv)* there should Weincreased collaboration with the statisticians
at the University of Ottawa: ,

University of Ottawa

The new probability and statistics group-at the University of
Ottawa is small and so far without graduate students. It consists of
two statisticians with theoretical slants, one with an applied slant,
and two probabilists; fox its course structure it relies in part upon
a Shifting set of visitors, lecturers.from outside, and help from other
segmenteof the faculty.

It would bemisleading to,judge the gro on the.basis of a
single visit. The group as_a whole_is ,not yet str ng, but h s promise.
Leadership and direction are uncertain. We recommend tha the group be
;e- examined in two or three years, with careful prelimina y documentation.

.. .

Relationships with-Carleton University are properly much on the _'
mindslof the Ottawa group. We recommend fostering_ana, extending those
relationships in probability and statistics. It is important also that
the statistical group in 'the Department of Mathematics-keep alive
connections with other groupsj.n the University, notably in biostatistfcs
and management saience..

r.

4

.4

° 4i
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Recommendation 23

1

We /recommend that:

i) the programme of the group should be appraised within three

ysars;

ii) fhere should be,increased collatioration with statisticians
at Carleton University.

i -

119ueen's University
i

/
'

. .

.

/
The faculty in statistics at Queen's are of good quality; they

/are proceeding in a thoughtful, steady manner.
4

.- .
The STATLAB provides a4aluable statistical strvice that might.

weli.be imitated by other universities. It is an integrating force for the
.

/ statisticians and it provides educational opportunities for the students
..

..-

-..and research tivation for the faculty. We hope that the University will

give strong suu port to its development. . .
.

, '
.

is
l

We are surprised net to find more research in obability despite

Queen's Strength 'in neighbouring area;of mathematics.

There are_not, and have not been, many doctoral students in'

statistics. To avoid discouraginggood students wit,h'keeddinterests in
/applicable statistics, the statisticians should ad4riise their strengths

more- widely, and thedepaytment should revise its'breadth requirements.
-Ni

The statistics grobp forms a coherent, effective set with high
morale and with good connections to statistical activities elsewhere on

campus. There should -be serious consideration of more autonomy for this

group. The pos'aibilities range from a separate departments, through a semi
t~

autonomous dtvisiOn of the Department of Mathematics, to such mild (yet

important) moves as the shift in requirements. mentioned above.

Recommendation'24
0

We recoum-nd that:
. 4

i) present,graduate.programmes shpuld.e0-fftrnue;1

% ii) the STATLAB shodld be-strongly encouraged";
iii) the breadth requirements fottle PhD stiltild be reviewed; Is

iv) die statistics group should have mo*e 4utonomy.

/
I

McMaster University
*

Probability and statistics at McAaster are regrettably fragmepted
among the Department's of Matheptics, Applied MatheMatics, and Clinical
Epidetiology and Bitstatistics,'With a PhD obtainable only via the Depart-

ment'of Pure Mathematits. Sharp'differences of 'vim/ were appakent betWeen

11
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't
individuals in these groups., It is essential*thae these differences be
tesolved and that a considerably more unified approach tet teaching and
research in,statistics be adopted; students and faculty in 'all groups will
suffer until this is achieved. We do not feel that it wolialdbe right to
offer morespecific-suggestions on the Jbasi&of our brief visits. The

difficUlties are partly but not entirely, explicable in terms ofjlashe
of personality, and the choice of the appropriate individual or individuals
to lead statistical work at McMaster is quite crucial.

As in many other Ontario universities, faculty quality is very
heterogeneous. Only a few wgraduate students were..availablefor interview.

/ when we visited in June; they did not appear strong." MSc theses were of
( satisfactbry quality but narrow in scope.

The Department of Clinical Epidemiology and Biostatistics
has been very successful in:its search for fundg/and for space in the
medical complex. A statistician, of internationally broad repute has
recently been appointed and brings impressivesrength. Assessment of
the academic strength of the work of the-group as a whole is outsidirour
terms of reference. .

.Recommendation 25_

We recommend that:
.1.) there ''Should be a reorganization of statistical work into

a'mo're unified foin;
ii) there should be an external reappraisal of work improbability

and statistics withinthree years; p
in the meantime tA.present joint MSc:4programme.and the PhD
in probability under.pure mathematics should continue.

University of Western 3ntario 1

The University of Western,, Ontario 'has had a graduate programme

instatistics fot many years. While it has some sources of strength, we
'feel that the programme lacks coherence and that the standards of thesis-
work need review.

1 A
,

Many of the graduate courses Itstedin the calendar appear not
to be offerred in any.given-year; alsd there seens'to be no substantial
Course in probability, a serious weakness. at the doctoral leve

The programme iksplit between two departments (Mathematics and
Applied Mathematics); innovative teaching of elementary statistics -seems
to be primarily in the Social Science Centre. A consulting service exists,
we are glad to note, bud it is not yet firmly enough established to be.a
substantial unifying educational inflUence.

I

)

it.

a-
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In the recent past, nearly'al1 doctoral theses have been super-
iised by the same person. Many of them seem not to have led to publication
in leading journals and we were dissatisfied with their quality-judged as
a tahole. We are not/ satisfied that the best use of faculty resources has

' been made. There isAubstantiar scope for increased collaboration with
other universities.

Recommendation 26
f r

We recommend that there should be an externar appraisal ofi
the whole.programme to t mine, in particular, the criticisms
listed above.

University dfyindsor
ti

The probability and statistics group at the University of Windsor
has good morale and generally sensible plans. The group deeds'at least
two strong researcliforiented additions to maintain a doctoral programme,
and of these at least one should have a serious commitment to applicable
statistics. With that, the group form a'small, but coherent, division
within the Departropt.,of MathematiCs.

'

There are numerous and lively professional intrrrelationships
with faculty in other departments. Joint work with the Industrial Research
Instittite - now beginning - should be encouraged and'developed. .We note
also an impqrtant demand for part-time graduate work in statistics. wWe
talked with four gradtiate studen s

A
and we received a generally - although

not uniformly -.good impression.

A major criticism is that sof appdretttly inad equateties and
cooperation with other universities. The Windsor faculty complained., of,
its isolation inane corner of the province, yet Waterloo and Western
Ontario are not that distant. :Perhaps more to the point, Wayne State
is nearby, and tbe University Of Michigan is dot far away. We recommend
closer cooperati,on yith nearby 'nstitutions-tn,both, nada and the US.

One device.founeviseful at othe Ontario univepitie iirthat of Sthtistics

,ays with invitations to ail ne by statisticians. are glad to note
from the university's reply to t e advisors' report tilt action 4long '

these lines is bei4 taken.

Recommendation'27 1

'i4eillecommend that:
. /

i) additional research - orient =d appointments are essential;

ii) the MSc and PhD programmes ho,ld continue as proposed;

.iii) additional contact with oth niversities is veryimportankt

and should be developed.

1
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University of Guelph .,,

, 0,
,

* , ,,,,-- ,

,There is a small master's programme that should be continued,
fostered and better adtertised tn'view of the healthy atmosphere generataed
by the applied research carried cw't al the University. MastWs theses
are of high quality.

, .

.

Thesekcellent seminar mets'often. 'Consideration should, however,
be given to organizatip ota joint statisticd1 colloquium with McMaster,

.

Waterloo and Western. 1

* ALI
'Guelph is'altd to be the third largest Canadian university in

total voles overall research. Clearly there:are at Guelph many research
..and'professional opportUhities fOr its statistics faculty and students.

r

The faculty now do a lot of intracampus consulting for which they'shOuld
receive appreclaL4 and credit. Interested doctoral students' from Waterloo
might wtll be encouraged to work with Guelph faculty, epecially on agri-
cultural an biological probleMs. Biological statistics should be developed'
to a greater extent.

1

,

)

,

i. .

Guelph is weak in probabilit . Given the research in progress
around the camp tht next facu ppointment should preferably tie in
applied probabi ity, or.biological statistics; strength in research should /

0 be an esSentia requirement in the person appointed.

4

/
Recommendation 28

t '1*
0 % We recommend that: .

i). ,the master's programme continue in4ccordance with the university's
pia.

.

e .ii) 'thine should be emphasis on biologicalstatistics;
iii) a new faculty appointment should put strong emphasis on

research and that the fields of applied probability and
bioldgical statistics flare particularly appropriate;

IV) an interuniversity seminar shalld be instituted.
ft I

, . c
York Univex'sitcy

The Aorale at York was low-at the.time it was visited. because
of a'recent increase in teaching load and the imMinent departvre of a
'valued colleague for an assistant professorship,elsewhere.

p

The York faculty has sPecial strength in probabilitY; although
/ there ifs somelvaluable work in collaboration With the Institute for

Behavioural Research, there js serious general weakness in statistics.

Only a master's degree may be warded at present. seems most
reasonable and feasible to develop this programme turthRr for part -time

111.,

N
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studenrsoksuch as-high school teachers. and industrial Scientists. York
shoulds4riously consider planning a specialized MSc in applied probability.

York is strong in probability, whereas the University of Xdronto
is not, Relations with the University of Toronto did not seem nearly as
close as .they could,or'should be. York faculty should,be given an opportunity,
when appropriate, to cooperate in supervising the research of *doctoral
students'at the Universityof Toronto.: Consideration.shOuld be given to
organizing a joint probability and statistics colloquium.

.Recommendation 29

ide recommend that:

i) the part -time graduate.programme'at the master's level should
be further deVelop-14

ii) consideration should be given to a master's programme in
applied probability;

iii) there should_be'substantially increased collaboration with
University of Toronto.

A

I

-1

1



D. COMPUTER SCIENCE

Introduction*

4

.
.

Computeescrence is, w discipline, and in Ontario (as else-
where) the graduate.programmes y in their choice of fields of spLializa-
tion. Toronto,and Waterloo eady offer both master's and doctoral degrees
it.all fields listed by ACAP. Most of the other. nnivergities offer, or '

'plan to offer, graduate, programmes of a more specialized kirid-,.mainly

based on the research interests of a small group of faculty members. These
programmes lean towards computer appltcatiohl, systems engineering, and
hardware, rather. than to to theoretical si,de of the subject.

It is not surprisin4flat unity has seldom been achieved'between
vocational or applied computing on the one hand, and academic or core
computer science on the other. Different,universitie eve met the dichotomy
indifferent ways, and it is too early to preqcribe eal solutions.

One conse4knce is an uncertainty in the future departmental status
of scientific eomputing. This field, once a powerful force in computer
development, is in danger of being lost (even in ACAP's classification)
between applied thematics (numerical analysis) and computer science
(mathematicai so ware). We gee some danger 6f an isolation of computes ,

-science from thelother areas in Ihe.4athematiFal sciences. Links between
computer science and relevant areas of pure mathematics, especially
algebra,,and between compUter science and applied mathematics, numerical

. analysis and statistics all need strengthening.

13ecause so many of the master's programmes will continue to
be specialized, 'graduate students entering the PhD programmes at Toronto
and WaterlOO'from other universities should normally expect to take
additional courses to round out their background.

There appears to be''a reasonable balanCebetween the rtaber of
compuIer-science graduates and the job market, both at the master's and
doctoral levels: .Hencewe recommend that attention be concentrated on
staying inthe forefront of current computing researtif amordevelopment,
rather than on growth or on the duplication of existing programmes.

A-,63

University of Toronto.

The Department of Computer Science, with the equivalent of about
24 full-time faculty members and 10 or'so visitors, is'amongithe best half-
dozen in North America. Its graduate courses provide'excellent coverage
of all major'aspects of comput*nw (including programming languages, systems,
numerical Analysis,,the theory of computation, computer architecture, graphics, -

artificial intelligehce, and data'base and file management).

The Introduction is taken almost verbatim from the preamble of the .

advisors' report.

I 1

4
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The current graduate student'body, consisting of about 40 fur-
time MSeand 45..PhI students, seems to be of good quality And is being well
trained and Supervised. We 'understand that no major'changes in emphasis

. or sizeare being planned for the nextfive years, and we do not recommend
any. ',The main deficiency noticed was limited interactive Eompucing
facilities; we hope this can be remedied. We also hope that:the computet
science staff will be houseditogether with the staff 6f the other mathe-
niatical sciences in.any new building, so as to, foster continued interactibn.

-Since Waterloo has the'onliYother doctoral programme in computer
science in Ontario, cooperation between TorOnto.and Waterloo in.this area
seems called for. This would help to avoid the wasteful duplication of
expensive faalities. We also urge the Universin o£ Toronto to encourage
its graduAte students to solicit research advice from leading experts in(
other Ontario universities, especially nearby York and Scarborough, and to
include such experts on its doctoral thesis committees'yhenever apprOpriate.

Finally, having achieved a high level of quality, the Universily
of Toronto must take special care to maintain it without stagnating clueing
a period of little,growth. .Great care must 15e .exercised in making new
tenure applkutMents if quality and dynamic flexibility are to be preserved
in this rapidlyevolving discipline.

Recommendation 30

We recommend:
.i) the,continuation of the excellent MSc and PhD programmes in

computer science at Toronio; r
ii) an improvement in iilerac ve fArjlities;4----iii) increased attention to c eration with

)
the staff of-other

.. ,

. i Ontario universities. i
'

-.:

Unive sity of Waterloo

The computer science depar
30 members Of"the full-time faculty
is one of the best dozen or so in No
cover a wide range of tuics," but th
wisely) to only three research areas
and theory of computing, where it is

The high reputation'of the
of a number of"individuals who combi
ahigh,degree of practical know-how.
compilers. constitute an especiallyn
computing facilities are smoothly ru
should define more plearly'the roles
facilities.

ment, with the equivalent of about.
lus visitors, cross appointments, etc.,
th America. Its graduate courses
departmentis committed (probably
computer systems, numerical _analysis,

specially strong.

epartment is due to its inclusion
originality withscholarship and

The widely used WATFOR and WATFIV
able achievement, and, the excellent
'However, we think the university

f its two independent computing

t.J
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'a,

We also note with'approvm1 the intention of the department to
limit the number of new graduate students entering the master's programme

- to th4t admitted this year. ,Moreover, since so many able computer- oriented
undergraduates go to Waterloo, we think thata special effort must'be
made not to, starve other ma*er's programmes in Ontario, which might
occur if-an undue propo'rtion of these undergraduates stay on at Waterloo
for their graduate training. As faro as doctoral 'candidates are concerned,
cooperation_withToronto in an-agreed upon admissions policy would seem
desirable.

.7e hope that limitations of size will make it possible to rajse
the minimum standards for admission, although we recognize that non-
academic qualifications-are very important for most jobs. We strongly
endorse the Aientation of the master's programme tibwarde.jobs in business
and industry. For this reason, weefE%especially glad that the faculty
considers it unwise to jeopardize the quality of its doctoral programme
by giving it a similar orientation.

.

Recommendation 31

We recommend that Waterloo continue, its graduate programmes,
maintaining the size Of the present graduate student body and
'aimAg at htgher standards if possible.

Carleton University

tomputer science tat Carleton University is dealt with jointly by
the Department of Mathematics and by the Department of,Systems Engineering
(Faculty of Engineering); The latter group is responsible for undergraduate
instruction in compuger,programming and related topics. The master's degrge
in most fields,of computer science is already Offered by one department or '-
the othe," with coordination through a joint committee. A plan by the
two departmentg to merge these efforts into a joint MSc programme in
Information and Systems Science has reached an advanced stage, having been
approved by OCGS in June 1975. it

The compUter science programme involves 5 faculty members front
the Department of Mathematics, mainly in mathematical software and the
theory of computation and 14 faculty members frOth Systems Engineering, .4.
mainly in software systems, modelling and .computer Communications. Most

. faculty Members- have a record of published research and are currently
holders of research grants,

We "Zto not doubt Carleton's competence to support a satisfactory
MSc programme along these lines, and indeed there,are afready'about 40
graduate students enrolled in some aspect of computer science, three
quarters of them teing part-time students. We are naturally reluctant
to criticize the format of a prograMme so recently exterdally appr4ised.
Nevertheless there are some aspect* that need further consideration,,,,_

1Z
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One is that a close-watch shbuld be kept on academic and
administrative, problems arising from, differences between faculties.

A second point; mentioned in the statistics sectioh of the 'report, is %.

that-the teaching of statistics and applied probability in the.prdgramme- /

shOuld be reviewed! Next, &pans.ion-in the-number of'studeas enrolled
will call Tor more faculty and the president's letter gives no'indication
that an,additional posit' is likely to be available. Finally and most:-,-,

*importantly, there. is thgwcruestion of cooperation with the University of

Ottawa.

While appreciating the useful 'cooperation that already exists,

we think it important that a wide-ranging, high-quality piOgramme be_

developed in the Ottawa area, with particular emphasis on the needs of
part-time students.. Under'present circumstances this is achievable- only,,

' by positive joint planning' by the two universities, and we hope'that they

will accept t1 challenge of working out a joint enterprise. '

r

Resommendation 32

We recommend that:
i) the proposed iiiterdepattmental MSc programme in-lbformatiop and

Systems Science 'should be implemented; '4,4- N.

ii) some aspect k: this programme should be subjettto internal
re4ew;.,
the discitssione..of long range plus 'for developing a compre-
hensive joint programme of academic work in computer science
for the Ottawa awa should-continue under the auspices of a
representative AMP.committee;*

iv) in three' years time there should be an external appraisal 1/41,f,

the graduate programmes in computer sciev.in these two
.'universities.

University of Ottawa

The'Department of Computer Science at the University of,Ottawa
does not have a graduate programme at present, although some fapulty
participate in the interdisciplinary programme in General Systems and
InfOrmation Sciences, or supervise graduate students from the Department

of Electrical,Engineering.

The department has 7 full-time faculty plus another 6 in.croAR-
appointments, these latter` contributing about 60o full-time equivalents.

Most of the fadulty hold-researc4 grants and have developed prOgrammes
of personal research; the group Ls however a new one and this makes it
difficult to judge the quality and quantity of research produced.

,0
ti
The department has proposed an MSc programme specializing in

the areas of i) mini=computerth and micro-computers (systems and applica-.

tions) and ii) system simulation- (methodology, modelling and software).

I

a"

The chairman of this committee should probably not be either Carleton
or the University of Ottawa. a

1- 2 r-
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444,
However, a similar programme was not approved in a 1973 appraisaland we think
it would require at least one new faculty member With41,00bstantial'publica-

-

tion record to make it y*able.
,

On the other tand, we see - areal need for graduate.. nurses
attractive to francophone students in Ontario; this is not jus a question
of the language of formal instruction, but also of the vailab 1 ty of

-Alk supervisors conversing in the the-. student. Another special
need in the Ottawa :area is for wide- ranging instruction iii c uter -

science with special attention to the-needs of'part-time 'students.
. .

K "1
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4 .1

We have already dipcussed this in%connection with Carleton,
-$1University, and repeat our recommendation that Carletoar the University
of Ottawa develop a' comprehensive-programme of study in c mpuier science

mendation.
for the Ottawa area. This should"e think, -be a.dehmite ACAP

Recommendation: 3 3

0

41
tr

_ e Tecommend:
i)

0

defetl-ing the establishment of a new master's programme at
.thepniversity'of Ottawa;

1.9 that the discussions of long range plans fo
a comprehensive joint programme of academic
-science tor7the.Ottawa area should continue
of a representative AChP committee;*
aniresulting-proPosal should be submitted

:.9ueen's University

r developing
work in Computer
under the,auspices

for appraisal.

. The computer science department has, 11 faculty members whose
fields of compsteue cover th%subject. There is a quite comprehensive
MSc programme'irith about 15 students, about half of them being'part-time.
There i litany a thesis.'the-main component of thich is a major'program-'

sS. .ming pro ct. Theses seemed of rather uneven quality. Employmen,t'prodiptc05
forgracfu tes appear very good; indeed one of the department's probleie-
is.othat of students Who leave 'before completing their thesis. This .is

a sound_ programme and we have no doubt that it should continue. ...
4

1,
The department would li to troduce a PhD.programme beanning

in 1978 and. in the fieldi of progr elanguaged, software systems
data manage $ient and informatton retrieval and applications-related t
these. Taken as a whole, however; the rtitearch output ofthe depktm
in these fields is,not'Yet impress*e. 'Greater activity is eyidentin

- mathematical Softwae and in the special applications thatitracted
staff into computielJscience in the first place.' OnlTa minority of the
faculty have published more than one paper on computer science in a
refed journal,.

. -

* r
.

The chairman of this committee should probably not be from eit
Or the.Mniversity of Ottawa.

.Aue

1 2.1 ,.
. . .
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The plans of the department call for the addition of two members
of faculty over the next 5-7 years. to support the propose expansion. 1,Te

agree that, with the present important commitment to the.MSc programme,
this expansion is the minimum vecessary for a PhD progr4Mme. We note that 7
the principal's letter of June

?
1975, nowhere refers to such expansion.

4 ,4
Further, there is no:atrong evidence for the need for a third

PhD programme in-Ontario in these.fields, at least at present.

These considerations have convinced us that it would be prematdre

for Queen's to work-on a PhD popgranne now, and that its computer science
'faculty should devote their efforts instead to their own research and to
strengthening the MSc prograMte. In anbthe3.to,5 years, it would seem
timely to reconsider the desiiability of supplemegang the strong existing
PhD programmes in compUter science at Toronto and Waterloo by other, more
specialized PhD programmes. <p 4

AP,*
Recbmmendation 34

We recommend thatAueen's give attention to "continuing to
strengthen its MSenirograame, before proceeding further with

plans for a PhD programme.

McMaster University

The existing MSc programme in co1putationJ established in
1971, emphasizes numerical enalysis and optimization. Of the 10 faculty

members,-fodr are cross appoint ents; five have a PhD in physics Only

: one Laculty member appeareto ha a strong' interest in theoretical

computer science as such. :

As an iqurdis6ipiinary programme, drawing students from non-
mathematical'deparciZens,.We .feel that the present programme may well
attract enough Canadian students 'to be viable. Also, faculty research
in optimization and numevical,mathematics may be reinforced by substantial
research strength in these fields in chemial and electrical engineering.
However, it would-certitly be desirable to have at least one more faculty
merber actively working on central problems in computer science.

Rec6mmendation 35
4

a OP

We recommend that the existing,MSc'programme be 'continued,
but that its adequacy (With respect to core subjects in computer
science'be reviewed internally whenever a new faculty appoint,-

,went is made.

V
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University of Western Ontario

ti

There is at present an MSc programme in the Department of Computer
Science with 17 full -time students. It has been very successful in pre-
paring students-for careersTn'businessand industry., It should certainly
continue on the present scale, but we think-that raising admission standards
would be nore desirable than increasing the,enrolment to the extent projected.

The department would like to introduce a PhD in a limited number` .7--
of fields: machine intelligence) operating4 systems. and data' structures.

An important research tool would be an Interdata 7/32 cpmputer with a
TV camera, recently obtained by a major equipment grant frGra NRC. This
proposal has the favourable feature that the challenging field of machine'
visionsis not a specialty of any other Ontario university;, moreover the
DECsystem 10 at the Computing Centre is particularlNoWeIl suited to
resear0 in artificial intelligence.

. However, we do. not feel that the research record of the department-
as a whole is serpng enough to justify a new doctoral programme at this
time. Technical assistance for faculty members doing research in artificial
intelligence need not be provided by research students; and those exceptional
research assistants qualified for a PhD in computer-science could well
btain the degree under'a cooperative arrangement with the Universities
of Waterloo and Toronto.

Recommendation 36

We therefore recommend the' continuation of the MSc programme
without qualif'cat.ion,.but we think that the proposal for a
PhEsin computer sc ce'should be deferred.

University of Guelph

of
Since the Unversity has withdrawn its proposal for.a graduate

,,programme in computer science, no report is 'required urAer ACAP guidelines.
`However, we wish to express our agreement with the c,hairman's assessment
that the potential' enrolment in Suck a progtaine would be too small to
justify the effort.. The proximity of Guelph to Waterloo suggests that
this situation may not change.

At the same.t.ime, we hope that the several faculty members
hsVingresearch interests in the practical aspecti of data.processing
stressed in the good undergraduate programme, data managenent,.simulation,
software system4; and business. programming languages (CQBOL and PL/1),
can pooperate i*t supervising graduate, students it other departments or'-

.
other universities.

We also suggest that, even though the area of specialty is software
engineering rather than theoteticarcomputeOcience, an appointment on the

,r-

12,
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theoretical side Tight improve the balance of any such- programme, as

well as adding strength to the present undergraduate programme: .

-No formal recommendation is callee.i:or.

No`

Likehead University

The University is evolving a proposal for an interdisciplinary

MSc programthe in applied computer science sp,sored by groups in-the

departments of mathematics, engineering and business. The primary aim

would be regional service.

The proposed programme would be run by ning,faculty members

from the three department's concerned, mostly on a part-time basis and

this is perhaps the equivalent of four full-time faculty. In addition,

there is some strength in numerical analysis in the Department of Mathe-

matics. Apart from those by the president and his wife, there are very

few published research contributions in computer science from the group.

The president's letter promises an additionalmpostlf the programme is

funded.

Since we have not been asked to assess the progrimmebeing

worked out, we have not done so. However, we do wIsh to point out the

relevance of two'of the general Observations made in Chapter I: the

need to attract enough qualified Canadfan students tb make an MSc

programme,viable,,and thcimportance of leaving the facultytenough free

'time to be active-in reserkrch.

No recommendation seems called for, since any fOrmal proposal

would be subject to appraiSal in any case:

7

York University

, York does not have a graduate programme in computer science now,
but hopes to have one within two or three years if- approval can be obtained.

A tentative propsalforan MSc programme was discussed with the ACAP

advisors, and is now being remised in the liel_of this discussion.

The group ih the department,who have been trying draft a

go2d-proposal are enthusiastic, bit none has yet shown great strength'

in research. Partly for this reason, we think that,any proposal that

is generated shOuld involve' cooperation with the University of,Toronto.

Increased collaboration betWeen the Faculty'of Arts and Atkinson College

might also help with the heavy undergraduate programme. One poisibility

'wouf&-be an 'MSc programme aimed at part-time students, partially.duplicating

courses given at Toronto. Another would be occasional participation by

York.faculty in the work at Scatborbugh. .or

tt



A-71
o

Recommendation 37

We recommend., that: .

i) any proposal put forward for detailed appraisal should, specify
the collaboration involved. with the Univertity of Toronto;

ii) before a proposal is put forward-for an independent programme,
two new ficulty,appointmepts-should be'made.

IP
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CHAPTER III

GENERAL CONCLUSIONS, AND RECOMMENDATIONS

.1. Introduction
e

.
.

t In this part of our report we draw together our discussion of
and recommendations abOut some general issues., There is some overlap
with the earlier parts of the repokt. *-The points come under three broad
headings: collaboration between universities (section III-a, 111-3,
and 111-4 ; matters connected with specific mathematicaror academic
issues (,se tions 111-5, 111-6, 111-7, ,III-8); and matters more of an
administrat_ye or service nature (seCtiOns 111-9, III-16, IIP-11, 111-12).
Our\discussiOn has to be taken in the context of the important fecommenda-
tion in section 1-6 that the number,pf N -'Nibs awarded each year in themathe- - .

matical sciences should be approximately 40, 10 for each area.
-e,,

' *

h

2. Interuniversity arrangements

In our detailed reco ndatidns for individual universities we

shave mentioned a few special c es where increaped collaboration over .

course work is desirable. Here we'dircuss some of the'wider issues involved.
'first -.some general points need to be made.

We applaud the appreci,able 9.etbibortion that already takes
plackinotably-in arranglng such events'as "akgebra dayS" and in joint

arrangements for Visiting seminar speaker-S. In suggesting the need for.

-further Collaboration we appreciate the' difficulties involvedand the
suggestions that follow are'intended for implementation by mutual agree-
ment among faculty members.; sunk an arrangement is much more likely to be
effective than one imposed by an outside body.

, We realize that'chairmen of departments meet informalli We

suggest a rather more formal arrangement to examine maadls of muttial

interest, an interuniverstpT committee of the m tical sciencesor
possibly the ACAP Discipline Group.. This coul we' hope with the minimum

of administratiVe formality, deal with a numbe of matters of mutual concern,,

/ some 1i%ted below. The committee .5muld require subsections.for the four
,

areas; at moat, two-peepld from ode university should attend any given

subsection meeting.
. 4 .4

The interpniversity committee would, we suggest, deal with the

following things, among others: JF

i) library matters (see sevtiorf III-10), -and

0,
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i i) the preparation at'least every two years of a booklet about
graduate. work in Ontario in the mathgmati,cal sciences isee
recommendation 38). The bboklet should contain general advice
and information to potential graduate students, information
about fields of study (see section 111-8) and a factual state-
ment of'four pages maximum from each university offering a
graduate programme. The booklet should be distributed widely
to undergraduates in and we hope throughout Canada and
internationally. ,

There are two other important issues connected with interuniverbity
collaborat'on. The first concerns active research groups with few or no
research students. We were, glad to hear that arrangements are wide-
spread whereby a faculty member at one university c' be the research
supervisor of a student elsewhere, but we'appreciat that this is bound
to be a fairly exceptional arrangement. We conside , however, that the
advisory committee fo'r the Work of every research student should contain
art_least one person from anotheruniliersity. Where that person is the

principal advisor there should'be contact with the student's work t least
every six months. te'see this as a wayof using the appreciab dxpertise
at universities with small numbers of research students and, equally impor-
t.intly, of giving younger Ufa ty members at such universities some experience
of research supervision.

Finally we point out the possible advantages of collaboration
'Where two universities with fairly similar interests have master's programMes.
of only just viable size; in particular, it may be possible to alternate
years of entry, the master's programmes being planned towards doctoral
work at etcher university. 'PS, .

Arrangements for'joint- seminars and for exchange of information
about visitors should be systematized. Also arrangements should-be encouraged
for students, especially doctoral students near the end of their work, to

t,
meet fellow students from other_ universities for discussion of their work.

'4
( Our impression is that while students sometimes travel to other universities
to hear visiting seminar talks, they rather rarely have useful scientific
contact with students from other universities.

Recommendation 38

We recommend that:
.

a suitable interuniversity committee of the mathematical sciences
should

i) produce every two yers a booklet describinr-gradUate work in
the mathematical sciences in Ontario;

ii), review library matters of joint interest;
iii) ensureAhat advisory-committe504Of research students contain

at least one member from another university;
1

12J
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' .iv) ensure that arrangements are universal whereby a research student

at one-universityis permitted to have as his principal advisor -

-a facult member 4-am another university.

3. Critical size of programmes.

1

1" The,ACAP specification calls for general.discussio of the.size

of programmes aryl we turn to this now; it hasa direct bearing on'the

relations between universities and interuniversity collaboration. The '

considerations are somewhat different for master's'programmes-ihvolVing

much course work and for doctoral programmes, where quality of the research

supervision is ofoverwhelming importance.

Size of programmes is most relevant in those aspects of computer

science where expensive and specialized hardware is involved, but a much

more flexible attitude is needed towards woe in pure and applied mathematics

and in statistics

There is no'reason in principle why research of distinction
should not be done by a research student working as the sole research

!--atudent attached to a group of faculty active in research or even to

an individual faculty member of distinction; library and computing

facilities are entirely adequate in all the universities visited 'to support

such students. The guality,of faculty.supervision provided is' the crucial

thing, especially in so far as itaffects the choide of topics for study.

.
For course work-at both master's and doctoral levels, there will be much

less choice of specialized topics in university departments with small

total numbers of graduate students, but,there are inrsuch departments

cowensatring aspects of increased breadth, arising also from increaied,
contacts with students"ln other branches of mathematics. We must report

also that more than once in our visits we heard very eloquent defences

of small departments from students Who had been graduate students earlier

in larger departments; of course, this does not prove that their training

was better in the smaller department:

However, we have no doubt that brand large, in all1the areas,
and taking a world-wide view, the most significant work is done by students

working in centres where there are appreciable numbers of students and

faculty active in research in the topic In question. The location of these

key centres can, however, shift quite rapidly, a fact which is itself

another argumprit against a rigid allocation of research students to'a few

centres; at least any such allocation would need frequent review. See

also our oomments-in section II-B on rapid changes of interest within

applied mathematics.

To summarize, we consider that most research students shoUld

work in centres where there are an appreciable number, five or more
research studehts in their area, but that other departments with,tne

facilities to provide programmes of the necessary quality should not be

/barred from doing so. It is important and just eh at students choosing
their university of study should be aware 0 the issues involved: Further,
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where a student is on his own,' or one of a veiy small group, the departMent
should be under a strong obligation to ensure contact with other universities,
attendance at seminars, etc,

The postgraduate booklet (see section 1II-2) should therefore
contain a prominent'statement similar to the following: "It is entirely
possible for a student to obtain guidance Of distinction within departments
with a 'very small number of graduate students. Nevertheless it is true .

internationally that most research work of high.quaIity is found.within
departments having a number of faculty active in the area in question and
having associated with them five or more'graduate students. Sod; an environ-
ment, at ifs-best, produces an invigorating atmosphere, including discussion
between students working on related problems and a good choice of retvant
coursewOrk.".

116.

Some but not all_of the above 'discussion applies also to master's
progradmes, in which the course work element is predominant, There however,

it is not economically viable to mount a thorough programme of course work
within an area without a ood number of students. We have made comments,
where appropriate, on indlvidual universities in Chapter II.

Recommendation.' 39 fr

We recommend that the postgrad to booklet should show the
numbers of master's and doctors students working in each
university in the various areas, and shotid co tain a
prominent statement that the size of the group is a rele-
vant consideration,in deciding where to apply.

4. Movement-of students between universities

' Students choose their university of study on a variety of
grounds. We recognize, of course; -that there may be compelling personal-
reasons for a student remaining in .one geographical area; this applies
particularly, but not only, to Lakehead and Windsor. Also students may
wish to continue the doctoral work with an advisor whose work has interested
them at undergraduate or master's level; Nevertheless jhe academic and
personal arguments for not doing all three of undergraduate, master's and
doctoral work in the same plate are strong.

In most` cases a-moveshould be made at the start of postgraduate

work. We appreciate the difficulties of effective action on this. Financial
incentives to students to move universities can-be envisaged. However,
thefe are $pecial,fields where the expertise for supervision of research may

. be concentrated in one university.

M
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Recommendation 40

We recommend that:
i) the booklet on graduate work should contain a strong statement

.about the advantages of having worked in more than one university;
ii) tfiose advisiAg fourth year undergraduates 'should feel obliged to

point out the advantages of a move;
iii) the Interuniversity committee should_prOduce and circulate each

year statistics for-each university of the 'numbers of Canadian
and non-Canadian master's and doctoral, tudents registered and
the number of those who have studied only at the university in
question.

5. Part-time students

We now turn to a number of issues of a more specifically_academic
or mathematical character and first discuss the considerable importance Of
master's work for part-time students, especially in statistics and computer
science.

Graduate work in the mathematical sciences* is inevitably special-
ized, calls fof very concentrated work; and therefore the role of courses
for part-time students is largely limited to situations where there is
substantial connection with the students' employments We see however a
very important role for part-time master's courses in statistics and
computer science and in appropriate fields, for school teachers. We ere

glad to see proposals/for such courses, .from the main populatio res.

We have the'following general comments.

a) The general academic standard of such courses'should not differ
substantially from that of courses for full-time students,
although the Content may well be different:

b) Some courses or school teachers should includeStatistics sud
i computing., Thereis likely eventually to be considerable scope

fof imaginative teaching of these in school's, giVensuitabry'

..'''''

qualified teachers. .
,

, .

.

'c) In particular areas there may be scope'for more specialized master%s
work for example in actuarial science.

1

d) There may be Some demand for short intensive "post-experience" .

courses on specialized topics for workers in industry,ygovernment
and 'business,'but we take discussion of these as outside the terms
of reference of the present report.

e) We have seen no proposals for doctoral work, based solely on

44. . part-time,study, and we do dot wish to encourage any.
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Recommendation 41

We recommend that:, 4
o

411/4,

ti) part-tine master's courses including statistis and computer-
science shouldbe encouraged in the main population centres:
They should ba at the same academi.c standaad as corresponding
courses for full-time students;'

ii) courses for school teachers should be broad and also include the
opportunity to study statistics and computing.

6.: Mathematical work in other 'departments*

A recurring theme discussed in section II-B, applied mathematics,
and in section II=C, statistics: hgs been the difficul y in assessing the
amount and quality of mathematical work in other departments, most notably
but by no means eutir , in departments of physics and engineering., In
our visits to universit es we heard of many examples of such work and of
encouraging collaboratio between mathematicians'in various departments.
Joint programmes are an ax ellent idea but difficult to administer. There

is need also for small-meetings ot scientists in fields with relatively
. ,novel mathematical problemS together with mathematicians with a variety

of special interuts. As explained in section II-B such activities are- .

especially desirable to invigorate applied Mathematics.
4

ti

Recommendation 42

We recommend-that regulations allowing joint supervision of
research'students by staff in more than one faculty should
be, encouraged.

Comprehensive doctoral requirements

411

"Preliminary qualification for'octoral'eandiAa ssentially
two parts. .The first; concerned with the special field or research,
raises -no general issues.- The second, the estatlishme =o bro Mathe--
matical education, doe's raise some. awkward points, espe ial or students
in the more applied subjects.

,

.0
It is excellent that some students working in numerical analysis,

stat.Istics, applied probability, the mathematics of operations research,
etc.,-Should have a good knowledge of topics of pure mathematics not
commonly used in the field proposed for research.' It,is at least equally
important that many students even if working in very theoretical areas,
should have non-superficial experience of applications; students working
on the numerical solution of partial differential equations should know
sOmdthing about some aspects pf continuum physi s, We 'are concerned that .

the gener comprehensive requirements are sometimes those for work in
pure mathe tics, regardless of the ultimate field of research; in other

0
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cases the requirements may be too r dly those for work in classical

appl!ed mathematics. Of course, we o.not suggest that every thesis

in more applied areas has to be judgedby its immediate usefulness in

applications. We- suggest a more flfxible and interdisciplinary content

in the comprehensive requirements.

We think also, both om sc tific grounds and on grounds of

social usefulness, that graduate st nts in pure mathematics should be

advised to follow at least one appli topic to a reasonably advancq

level (see section II-A).

Recommendation-43

A78

- rte

We recomm9and that:

i) comprehensive/requirements for stu dents in applied subjects

'should bebroader and more flexible. They should include the

possibilities, both of Studying pure Mathematics to an advanced

level and of making a deep study of applications;

ii) graduate students in pure mathematics should be advised
to study Some applied topic.

8. Topics for research
1

We consider the, general balance that has been reacted in Ontario

between the four areas of pure mathematics, applied mathematics, statistics,

-........./)

and computer science to be very reasonable and nothing further need be said

about till's. The following comments refer rather to the choice of particular'

topics and fields within the four areas.`

Mathematical work is very specialized and we dd not think it

at all necessary that the balance of subjects studied by research-students

in Ontario should conform to world-wide interests. Npvertheless it is

undesirable that appreciablelproportions of,students:sholpld work in 'very

narrow fields; this applies partidularly to pure mathematics but to some

'extent also, to the other areas. In any-case, a very narrowly educated
doctoral student,is often a poor teacher and difficult to place in

,frUitful employment. , '

We do not favour the,imposition of rigidquotas,for numbers of

students en ering the various special topics, although we have in Chapter It

indica ed sirable numbers of doctoral students inthe.four areas. We do,

however, think that it is right for faculty and potential research---students

to know how many students are, in the various special topics over the province.

The number of students in ,the various areas should be monitored by the inter-

university committee.

The ACAP requirements specifically ask for comments an topics

'inadequately Covered. This is difficult to assess, particularly because'

in say, ten years, there can be appreciable changes of emphasis, both

in tEg-"PeRtiTa ? nterests of-particular individuals and departments, and

13 x.
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in the fields in which internationally the most exciting work is being
done. This is particularly relevant in applied mathematics; see seCtipn
II-B. 1

4

Thtre is'some weakness over the province in applied probability.
and this AI illustrated in the following three special cases.

. We found no really deep-involvement in the mathematical techniques
of operatiOns research and management science,, including inventory control,
production scheduling, reliability, etc. There is a very strong department
of combinatorics at Waterloo, but there the contact with applications did
not seem very great. We realize, however, that much work is in progress
in manuement science' and-engineering.departmentsland that isolated individuals
in mathematics departments have very useful involvement in.such work. We
found, for example, no place where the statistical aspects of simulation
are.studied despite their wide importance.

,..-

The absence of a strong.group in a mathematics department
interested in both deterministic and stocha'stic control theory is striking.
Again we were unable to see in detail work in engineering departments.

'

We were glad to see'developing-in several universities an interest
in mathematical biology, including ecology. Again the deterministic aspects

17a
seemed-to pr inate over the stochastic.' While we had not the time CO
discuss this detail, we'wonder whether the deep level pf collaboration
between mathematicians and biologists necessary for such work to be
scientifically fruitful is.widery appreciated. liore-joint work between
mathematics and biology departments al.. the undergraduate level may be'
required to prcduce research students with the right background'z see
'section ITI.4,RevieW of comprehensive toctoial requirements tot foster
joint Fork is also important; see section III-7.

f
We consider that there Should be more emphasis on the unified

study cf numerical mathematics. ge realize that itis arguable thzt
'thAs subject is best regarded as a series of more or, less unrelated
,Partsprimarily

/.

numerical linear algebra "'

numerical solution of ordinary 4ifferentlal equations
numerical solution of partial differential equations,
numerical solution of integral equations
numerical optinization
numerical analytical aspects cf statistics

but we feel that some unity should be'aited at especially in (teaching, blit
also in strengthening research.

We found no'krong centre of work on the computational aspects
of statistics:

The ACAP investigation has been based on a somewhat, artificial
division into four areas., The need for individuals ;AD change irterests
usually but not necessarily from the relatively pure to the relatiwly

Ns 13
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applied is widely recognized and we were glad to see,such'shiftsof
i Wiest among faculty. being encouraged in many departments. We haveono
s ecific recommendations about how such-changes are,t/b.be further helpedi-
b t note the following, groups of subjects where'ncreased mining of ideas
and.sp ialities is likely to be fruitful;

probab lity - functional analysis; ,

statistics, and applied stochastic processed - numerical analysis;
deterministic problems in mathematical biology, as treated by
exerts in diffefential equations, etc. - stochastic problems;

,algebr-'mathematical biology;
applied mathematics computer science.

We make no specific recommendations on the detailed topics just
discussed; see,howevet, the general recommendations'onapplied mathematics,
section II-B. To coAplete the section we restress the importance elf making
relevant information on fields of activity widely available.

Recommendation 44

.

r-

We recommend that:
i) the interuniversity committee should every few-years review_topics

of especial promise in which fewer students are working than'is
desirable, the objective being a shift of emphasis from ,thesis
ioopics of a highly specialized chdradier to those ofa4roader .

and interdisciplinary kind;
ii) the interuniversity committee should provide in the graduate,

'booklet infotmation both on the numberS of completed;theses,
for each of the main special topics, and on thesis titles and:,
Supervisors.

;

9. Administrative matters

'While administrative matters as such are outside odr terms of
reference, some brief comments are in order. These 'concern a) arrangements'

between different faculties, b) general financial Ltrangeplats between
_departments within the mathematical sciences, and c) arfangementd within
departments. '

Mathematics is in some senses inteimediate betwe the Faculty

of Arts and the Faculty of Sciences, computer science-is intermediate
between the Faculty ofScience and_the Faciiltyof Engineering; there.ars
wide applications of mathematics in engineering and increasing interests
in medicine. It was our impression at more than one university that
overrigid distinctions between ,a,culties inhibited cooperation in the
training of students. Further, Some faculty believe that money is allocated.
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todepartMents rtigidly oh the basis of Bill's in different ways.for
. faculties, though we had a strong positive impression of deans'
arvietyto-ensuie fair distribution of resswes and high academic
standards. 'bove belief, whether true can inhibit nelided .

. .

collaboration.
er rue or n

,

On b),'there is no-single answer to-the quAtion whether there
sh ould be separate departments of pure mathematics, applied mathematAs,
statistics -and computer scienced flexibility and variefr:thould prevail
and the size of the groups is important. NevetrhefessAwe are very concerned
41r-situations where students especiallii6numerical and146s, applied
analysis, probability 'and' statistics

.in one of 'two Si more.depart-=
.ments and, 'depending on their departmentr are subject to quite 'different
regulationl,and separated from students with fiMilat interlsts. We have
commentedindividually on some specific instances where the departmental.
structure needs reconsideration.

*
.

. .
-.-., . e

...., As regardS. cloncerning individual departments, (it will be
.

appreciaed thap we spent loo shor time in anylbne department to comment
sensibly on the administrative arrangements. Weteport-, however, a'gene61 *.

impression that excessive time is spent in committeework.1 Fairnes4'.
demands that someone doing's lane amount of administration should, if

. (
,

ey wish, have A somewhat reduced teaching lo,A, but such allowances -.

s ould, in bur.opinionbeconfined-to aivery few people in each department.
Special recogaition'and -scouragement of research contributions is more
important, "and ways of doi this shoul idered. ,

'10. Libraries,

The original ACAP proposal called for reurt. by a spe(11
t

. . library. advisor. TheTefore, on tWr'visit to th5 pversities, the
mathematics advisors and," consultants confi ed eirlinvestigation of

* library fadilities to brief vis li raii s and to questions to'' --*

fact).ty and students. In fact, a ese vis, ts were complete ACAP
-decided,'with the agreement of the consultants ndadvisors,.not to appoiht

.. -a special library advisor and tn,rellip the vis is already made. Thus
,the following comments are made-after a much less, hotough study than was
fiist intended. We were, of course, in the time a ailable quite unable

_
to examine the important issues of loibrary financi ncludIng the,propor7
tfon,of library funds'spent op books rand journals.

o'r
*

, "J

T A
'Our'main.general conclusion -is that in .11 universities visited

kiiil generall-standWid,of library servrce.appeare to be available.
.
,-.

t . . _

' 7'. . ....: , .

TilPre are the following more Idgtailed camm nts:./;F

.
. ft 1.0"

The-interlibrary loan'servipe,is efiective', althobg there were
, op, complaints from some universities, especially from students, .

, A about slowness. We. were not able to' investigate these"complailits
.') but we consider that departments should, T:iovide some mec sm '

for s'o doing. -. .

-

J s
1k

r'

yak,
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'b) Most departments have%committees or individuals who take a
/ ' special interest in the library and we commend this arrangement.

This should be the route for investigating complaints under
<a); a regular report should be made to departMents of the e
distribution of the time between ordering books and their.

. being'available for loan. ' if . .

* - ....,

c) Many facUlty'members are'alarmed that financial stringency .

may sake it difficult td-take new journals' and that subscriptions
to established journals may have to be cancelled. We do fully
endorse the very great importance of rapid access.to the central
journals for fields in which research is active, but consider it

Wonly.realistic to recognize that for the less central journals
increased sharing of reaqurces and the use of library systems
are inevitable. It-is, therefore, very itpcetant that'acquisi-
tions:should be planned by the department concerned ona regional' .

basis and we recommend that the interuniveisity committee should
'examine this questio to ensure that there,are copies in Ontario

a(nof even minor journ s. Such devices as the cirdulatipn of :
content pages of jou als not\taken at the university in question
should be provided where.there is a clear need. It is important
that boots should be available for loan soon after publication,
bu blanket ordering of books is not defensible when money is -

. short: While weTwere impressed bytht initiative sh6wn'by
4 several univefsity libraries in implementing computer Systems

NI
for abstract retrieval, etc., we would, however:deplOre a
significant proportion of.library funds bein% spent in this
v

way, at theexpense of the acquisition of books'and journals.

'6444110Recommendation 45

recOmmend tRat:
partmentsshOuld halo a library officer or committee responsible

1.

for recoMmendinebooks and journals for -puxchase, checking the b
0-,

efficienciy.of 'theinterlibrary loan scheme and reporting to
co4eagues on the speed with which new bobks become available
fbr loan;

!
*

should,ii) the interuniverslty committee should, if the need arises,,
f examtwand.4nture the circulation of information about new

and relatively obscure journals;
.

'' 114.) 4a;pulty should cooperate ip interuniversitischemes of ccrdinated
. libraryoserlidpes.

0
,

-0.

s.

T

' .
,,

11. Computer services c
.

..rf s,
4

betailed investigation of compUter services was outside out
1

terms
;

of reference; nevertheless brief visits were paid to compute centres. .

Our general impression of the lservaLes provided was extremely favol,r!able,
programming advisory services re 4kdged'effectiye.py faculty-andstudents

,

tr--.1. , ,

0
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t

whom we questioned and the availability of library programmes appeared
.

very atisfactory. `"

4

It is important-that computer centres should have close links
with mathematiaans.and other specialists to ensure that

a) 'full advantage is taken of current developments, for example
by maintaining on-line the best available numerical analytical,
and statistical packages, .

b) specialized problems are, where appropriate, referred o a

suitable specialist, particultrly in.numerical mathematics
and statistics, but also.in other areas) arising, for exagipp,

/-1 in the work of the'programme advisory service. ,

4
The important and difficult questions of the coat of computer

services and of thi proportion of a university'S effort that should be
devoted to such services are similar to those for librailies. We were not
supplied with data. hich could be the basis for a rational discussion of this.

fr

10=

Recoremendation..46

We recommend that.directors of computer centres should review
periddically the adaitiacy of their collaboration with numerical
analyst statisticians, and others with applicable expertise.

I

let
-4F'

at

4e4
dr.
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LIST ,OF RECOMMENDATIONS
4_

Recommendttion 1: Employment opportuAities and limitiltions on enrolments

We recommend that:
'J.) the enrolment statistics be regularly monitored by the discipline-'

group in the mathematical sciences, and if excessive fluctuations,

either up or down, occur that remedial action be initiated;

ii) the number of PhDs in mathematical sciences awarded by the Ontario

universities total about 40 per,year, with about 10 from-each of

the four areas;

iii) that the figures given in ii) be reconsidered -for possible modifica-
tion at regular intervals in the future.
(see A-25)

PURE MATHEMATICS'

ReCommendation 2: University of Toronto

. 1

We recommend that:
7--1,,

i) the space available for the mathematical 'sciences be increased

...,

i

and centralized; . .
,

ii) the MSc and PhD programmes of the department should be- Continued;.

iii) about 5 PhDs in pure mathethatics per year should be prOdUcedi

iv) the whole programme of graduate work 'in.pure mathematics shOUld .-.'ft

/

be reconsidered within tha department.

--'<
(see page A-33)

/

..

i
t

Recommendation 3:, University of JdaterlOo
/

We recommend that:

i) there should be a uniform qua ifying eXaminatiOnifA intending

doctoral candidates in pure thematics'intlioldhg those in the

Department of Combinatoalics = d OptimiAtidne
the MMath, MPhil and PhD programmes continue to strengthen their.

minimum standards;
v

mr -

iii) about three PhDs per year s ould be prqdueed'in the pure mathe-

matics area at WaterloO.
J

(see page A-34)

Recommendation 4: Carleton Univers ty

We recommend that:
t!'

i) th'e MSc programme continv ;

ii) about one -PhD a year shou,d be produced in the pure mathematics'

area at Carleton: ti

(see page A-35)
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Recommendation 5: Oniversity of Ottawa
1

We recommend that:.'.
i) the' proposed MAT programme should be deelopfd;

ii the MSc and MA programmes should continue;
iii) the doctoral programme in pure mathematics should coltinue

for two years after which_its viability shOuld be subject
to external appraisal.
(see page A-36)

Recommendation 6: Queen's university

We recommend that the MA, MSc and PhD programmes should
continueatAheir present level.
(see page A-36) '

Recommendation 7: McMaster University
1

We recommend that:
i) the Mac programme should continue;

ii) steps should be ta4n.,to make theanalysis section of the PhD ,

programme more in,line wittisurrent.interests and applications;.
iii).,subject to the PhD programme should continue aiming to

produce one or two -PhD,s per .,Rear.

0 ,(see page-A-37)

Recommendation'8: University of Western Ont'atio
4 1

. 'We recommend that:
i) the MA programme should continue;

ii) efforts should be made to broaden the PhD programme. In the

meantime the Ptogramme.should continue for two years, after
which itsNliability.'should,be reappraised externally.
(see page,A-38):

Recommendation 9: UniverSity of Windsor.

le recommend that the PhD programme ;6 pure mathematics be
reappraised'for its viability. after two ears, with

those of the University of Ottawa and tO4University of
Western Ontario.
(zee page A -39)

Recommendation Lakehead Univeraity

We recommend that Lakehead University should be encouraged
submit for appraisal a programme for.a master's in mathemats
unrestricted in scope and covering a degree by course work or

thesis.
(seepage A-41) s.

A
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.4 1

Recommendation 11: York University

We recommend,that:
1) the.MA programme should continue;

ii) special efforts should be Made toinvolve York faculty an the,
supervision of research s dents

.-

at other' universities, especially

the University of Toronto; -. -
.

/

iii) the location of the Depart nt of M opatics vis-a-vis-the

..f.

Faculty of Arts and other aclulties'and'colleges should be
reviewed by the University

' .(see page A-42) -

4P

PPLI i /MAT MATICS

Recommendation 12: Introduction

We recommend that:
i) there is A general need for reexamining the role of applied'

mathematics;
ii) further, there will be a need for continuing reappraisal, With

attention to research.an training in applications with good
employment prospects in ntvio and Canada;

iii) to ensure genuine conta.t with applications much greater use of
interdepartmental appoi tvnts is desirable.
(see page A-45)

I

Recommendation 13: University Toronto ow (
We recommend that, an i ernaI interdisciplinary committee,
sympathetic to eppli2A mathematics, reconsider.Toponto'S role

A in this area., S464,ra committee might well.recommond the forma-

tion of an independen department.

(see page A-46)

Recommendation 14: 'Universit of Waterloo

We recommend, with t e preceding co 4 Mt'ono in mind, a

continuation of the ath and 1,14;) rogrammes at Waterloo, but
with increased emph'sis on area n which there exist non-academic
job opportunities. We also recommend that, in the .near future,

new appointments
with such rtas.'

k,
(see' page -47)

01

made of faculty wfiose research is concerned
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Recommendation Carleton University

We recommend that:
' i) Carleton University continue tp develop its interdepartmental

MSc programme In Information and Systems Science ark examine
the possibility of a cooperative programme in this 'field'with

:4 the University of Ottawa:..

ii) the areas in which the PhD in applied mathematiFs is offered
be more precisely defined.
(see page A-47)'

Recommendation 16: University :15f Ottawa

We.recommend that the University of.Ottawa be encouraged:
i) the develop 'An interdepartmental MSc-programme in mathematical

economics;
ii) to examine the possibility of a cooperativ,e'programme in

the field of information-and systems science with Carleton
40tversity.
(see page A-4.8)

-741Recommendation 1:7; Queen's University

We recommend continuation of the existing MA, MSc and PhD
programmes in applied mathematics at Queenls University, but with
increased emphasis at the master'& level on applications associated
with non-aapdemid employment opportunities. 4

(see page A-49)

4,

Recommendation 18: University of Western Ontatio

We recommend, that die University of Western Ontario continues
its strong programme in applied- mathematics, turning ouen
occasional.PhD. 'Any other recommendations must be defierred
until after existing committees have succeeded in resolving
internal problems.
(see page-A-5'60

Recommendatiop 19: university of Windsor:

We recommend a continuation of these programmes, but with an
internal review inephe nepr'future of'non-academic employment
opportunities for graddates of the doctoral programme.
(see page A-50),

14*
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STATISTICS

a

Recommendation 20:' University of Toronto

We recommend that:
i) there shoul be a reorganization as soon as possible of the

whole of Statistical work in the University;
ii) in the meantime the graduate programmes should continue;

iii) there should -be a regular statist cal seminar involving some

collaboration with York Univer
(see page A-55)

Recommendation 21: University Of Waterloo

We recommend that:
i) current graduate programmesjbould be ontinued and developed

;4. in £he way proposed by the university

ii) arrangements for ,''consulting" work wi h other departments

should be strengthened; there should be increased collaboration,
in particular with the UniVersity of Guelph and other nearby

universities..
Esee page A-56) 41

Recommendation 22: Carleton University

. -

We recommend that:
i) the MSc and PhD programmes continue in accordance with the

university's plan;
ii) the cooperative programme,should be strongly' encouraged;

iii) the role of statistics and probability in the MgC in Information

and Systems Science should be given an internal review;

iv) there should be increased collaboration with the statisticians
at- the University of Ottawa

(see page A-571,-

Recommendation 23: University of Ottawa .

We recommend that!
i) the programme of the group should\be appraised within th ree .

,years;

IA) there should-be increased eollaboration with statisticians lit

Carleton University.'
,(see page A-58)

,Recommendation 24:. Que's-University

We recommend that:
i) present graduate programmes should continue;

ii) the STATLAB should be stronglyermouraged;

iii) the breadth requirements for the PhD should be reviewed;

iv) the statistics group should have more autonomy.
(see page A-58)

14

"
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"Recommendation 25: McMaster Unirsity

A

We recommend that: . -

i) there should be a-riOrganization of statistical work into a
more unified form; ' !k( /

,,

ii) there should be an external reappraisal work in probability

and statistics-within three years;
iii) in the meantime the present joint MSc programme and the PhD in

Lprobability under pure mathematics shOuld continue.
.(see page A-59)

R;commendation 26: University of Western Ontario

We recommend that there should be an.external appraisal of
the whole programme to examine, kt, particular, the criticisms
listed above.
(see page Ar60)

-

Recommendation 27: University Windsor

I

-

We recommend that:
i) additional research- oriented appofntments are essential;

ii) the Mc and PhD programmes should continue as. proposed;
iii) additional contact with other universAties is very important

and should bedeveloped.
(see page A-60)

Redommendation 281 University of Guelph

We recommend that:
i) the master's programme continue in accordance with the university's

plan;
ii) there should be emphasip on °logical statistics;
iii) a new faculty appointment should put strong emphasis on research

and that the fields'of applied probability and biological
statistics are particularly appropriate;*-

iv) an interunlyersity seminar should be instituted.
(see page A-61)

Recommendation 29: York.University .

We recommend that:
i) the part-time grad

be further
ii) consider

applied
iii) there'

Uni

eve oped;
ion should be given

robability;
hould be substantially

ersity,of_Toronto.
e page A42)

a

t the master's level should

to a master's programme in

increased collaboration with

14L,
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COMPUTER SCIENCE .-

Recommendation 30: University of Toronto

We recommend:. 40"

i) the continuation of the excellent.MSc and PhD programmes in
computer science at Toronto;

ii) an improvementin interacjive faclolities; 11,

iii) increased attention to cooperati with the staff of other
Ontario universities.
(see page A-64)

Recommendation 11: -University of Waterloo

We recommend that Waterloo continue its graduate programmes:
maintaining the size of the presenl graduate student body and
aiming at higher standards if possible.
(see liege A-65)

Recommendation 32: Carleton University
4

We recommend that:
i) the_proposeA d interdepartmental MSc programme inInformationand

S stems Science should be implemented;
e aspects. of this program* should be subject to 'internal

r

iii) the discussions of long range plans
hensive joint programme of academic
for the Ottawa area should continue
representative ACAP committee;

iv) in three years time there-should be
the graduate programmes in computer
universities. \
(see page A-66)

Recommervilation -33: University of Ottawa

for developing a compre-
work in computer science
under the auspices of a

ail external appT4sal'of
science in these txo.

We recommend:
i) deferring the establishment of a new master's programme at.

the University of Ottawa;
ii) that the disdussion of long range plans for develOping a

comprehenslve joint programme of academic wall- in computer
science for the Ottawa area should continue under the ` auspices
of a representative ACAP committee; -

:04) any resulting proposal should be subMitted for appraisal.

(see page A-67), ,

. '

i
1 ,)

4
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Rernandation 34 : Queen's University
N.

4 We recommeng that Queen's give attention to ebntinuing to
.0 strengthen its MSc programme, before proceeding further with

plans for a PhD programme.
(see page A-68)

.Reconnend4ion 35:. McMaster University

We recommend that the existing MSc programme be continued,,but
that its adequacy with respect to core subjects in computer
science be reviewed.internally whenever a_new faculty appoint-
ment is made.
(see page A-68)

Recommendation 36: University of Western Ontario

. We pherefore recommend the continuation of the MSc programme
without qualification, but wethink that the proposal for a
PhD in 'computer science should be deferred.
(see page A-69) 7.

1
Recommendation 37: York University

We recommend that:
i) any proposal put forward, for detailed appraisal should specify

A,
the collaboration involved with the University otioTorontb;

ii) before a proposal is put forward for an independent programme,
two new faculty appointments should be made.- -- ., I

(see page A-71)

GENERAL CONCLUSIONS AND RECOMMENDATIONS
1.

Recommendation 38: Inter4niversity arrangements

We recommendth
a suitable interthliversity comnitt the mathematical sciences
should'

i) produce every two-years a booklet d cribing graduate work in
the mathematical sciences in Ontario;

ii) review library matters of joint,interest;
iii) ensure that advisory committees of research students contain

at least one member from another university;
*iv) ensure that arrangemnts are universal whereby a research student

at one university is permitted to have as his principal advisor
a faculty member from another university:
(see page A-73)

14;
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ReCommendation 39: Critical size di programmes.

We recommend that the postgraduate booklet should show thqk

numbers of master's and doctoral students working in each
-university in the various areas, and should contain a prominent'

statement that the size of the group is a relevant consideration

in deciding where to apply.
(see page A-75)

RecOmmendation 40: Movement of students between universities

We recommend that:

i) the booklet on graduate work Should contain a strong statement
about the advantage of having worked. in more than one university;.

ii) those'advising,fourth.year undergraduates.should feel obliged to

pofilt Out the advantages of a move;

miii) the interuniversity committtte should produce and circulate each

year statistics for each university of the numbers of Canadian

and non-Canadian.master's and doctoral students registered and

the number of those who have studied only at the university in

question.
(see page A -76)

Recommendation41: Part-time students

We recommend that:
i) part-time master's courses including statistics and computer

science should be en.aouraged in the main population centres.

They should be at the same academic standard as corresponding

courses for full-time students;

if) courses for school teachers should be broad and also include the

opportunity to study statistics and computing.

(see, page A-77) ,

Recommendation 42: -Mathematical work in other departments .

We recommend that regulations allowing joint supervision of

research students by staff in more than one faculty should

be encouraged.
(see page A-77)

Recommendation 43: Comprehensive doctoral requitbments.

We recommend that:
i) comprehensive requirements for students in applied subjects

should be broader and'more flexible. They should include the

poss4bilities, both of studying pure mathematics to an.advanted

level and of making a deep study"of applications;

ii) graduate studentsin pure'mathematics should be adyised to

study some applied topic.
(see page A178)
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Recommendation 44: Topics for research

f,' We recommend that:

4kr the interuniversity committee should every few years review topics
of especial promise in which fewer students ape working than is
desirable, the objective being a shift of emphasis from thesis
topics of a highly specialized charactlr to those of a broader
and interdisciplinary kind;

ii) the interuniversity committee should provide in the grabate
booklet informatioh both on_the numbers of completed theses,
for each of the main special topics, and on thesis titles and
supervisors.

(see page A-80)

Recommendation 45: Libraries

We recommend that:
i) departmentg.should have a library officer or committee responsible

for recommending books and journals for purchase, checking the
efficiency of the interlibrary loan schene,and reporting to
colleagues on the speed with which new books become available
for loan;

vii) the interuniversity committ ee should, if the need arises, example
and ensure the circulation of information about new gild relatively
obscure journals;

iii) faculty should cooperate in int iversity schemes of coordinated

ti

.4

library services.
(see page A-82)

Recommendation 46:- Computer services

We recommend, that directors of computer centres should review
periodically theradequacy of their collaboration with numerical
analysts, statisticians and others

10
with applicable expertise.

(see page A-83)

S
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'Appendix
.

4.

Procedure for, Mathematical Scielxes Planning Assessment

4 20 December, 1974'

A - Interpretation'

This document uses several words specialized senses. These

meanings follow.

Acronyms: WU - Council of Ontario Univeraities
I

°CGS - Ontario Council on Graduate Studies, an affiliate

of COU. *--

ACAP - Advisory Committee on Academic TlaAing, a committer

- of OCGS, established by By-Law No. 3 of OCGS.
CDAS - Council of Deans of. Arts And 4cience, ah affilia)e

of COD.

Appraisal:.

, e
A mathematics expert whose functions are explained below;

there are two advisors for each area.

A procedure leading to a decision as tO-whether or not the

quality of a programme is or will be adequate; the univetobities

have agreed not to begin new programmep without firet obtaining

an appraisal andlnot to add new fields to existing programmes
without referral to the Appraisals Committee to decide if an

appraisal is required+

Appraisals:
Committee: A committee of OCGS, established by By-"-Law No. 2 of OCGS.

Area: One of the four divisions of the mathematical sciences. Used

in this planning assessment, viz. pure mathethatisa42plied
mathematics, statistics, Computing science.

.

Consultant: One of three persons who are consultants to ACAP and whose

functions are deicribed _more fully below; they are aided_by,

"advisors."

Disciplined
*

-

Group: Refers to the Mathematical Sciences,Discipline Group,:
constituted as authorized by OCGS tin 15 November 1974.

See Appendix

Graduate
Programme:

14p,

The word "programme" ieuped.to signify /11 aspects of the

graduate undertaking, of a departsient ( te, ett.),.

J

A

I
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-inclugfig the.actdal adddplinned faculty strength extent
*-an areai.ofIresearthIPPeciallia ion, research

facilities, and curriculuk,

Plannitig 0 . ,

. Assessment Aformalir4iew.of current end
withid a disciplble or a group

A
within the mathematicerscie
"areas" listed above,

ItePorti: FouF types /of repor's are referred to and described in this
- procedure:

40-

P.I.0Jec,fed g &hate programmes '-'

crf disciplines, 'in this case
s and embracing the four'

.a. An Area Report, written by area"advisors 'and submitted
tp, the dniversrty,coneerded, the consultants, and ACAP.

Ao..'The Gpnsultants' Report, wriit
40 and submitted" to74CAP, and deal

Sect G2. 4

he consultants
as describedin

.c. The AC eport, 1.T'itgn by ACAP and subpifted to_COU.
,.. - .

VA draft firm is first provided for Comm to Universities

and to the Discipline Group. ,,

---....../

d. The COU.RePOre, containing COU's recommendatlo ns to the
_

Ottario.Council on University Affairs and tome iversities.
. .

--.
a ,1,. ty % ° ,

e

_Fielocr:- Each ofthe four areas 4s further subdivided into fie s. '

'* .

: -

University ..
'

-:

.0--

Plan: Denotes the officilk stateme t made by a universi6ein
,--------

accor4ance with paragraphs 7 .and C8 .below..
.

,

.0

4

. ,
.

..m. ._
.

-

B - 'Choice of Cons. ultamts,ind Advisois -

go e shal three ccnsultants, two of whoM shalli matheMaticians '
, A

of'internation sttondpgwith breadth of outlook,on t d matfiematical.
sciences pd w suitable admipisftative or consulting experience.,
The4hird nSult2Af'shall,be a person of wide academic experience
in (ganad not, in mathemasids. No consultant shall be on the
permane aff bi lin Ontario university.

'42.. ACAP shall cIt the Discipline.Group t to discuss the oice
of coiuXtants and to nbminate.a list of'abou ten,potgntial consultants.
If it seems 'desitable,-ACAP may. also propose, n es, but they ehil ,

iv approved by the Distlpline Group. ..,
. - .. 41

'B3. From the resulting iist, ACAP shall se1e4 its consultants.
l''' r . ,

ri

1

r

4

.r

4



A-96

B4. There shall be,eight advisors, two few each area. Each advisor *

:shall bean acknowledged expert in the relevant area and at least
one adVisor in each area shall have extensive experience with .---

graduate work. NO.advisor shall be onthe staff of an Ontario univerm

sity., .,

or
, '

4P
a

B5.
.

.

The Discipline Croup shall establish four ad hoc area suiTcommittees

i'..

for lle'purpose of proposing ;lames of potentia advisors for each.

of the four areas. Each subcommittee shall co ist of persons,whO

work in the area id question and there.shall be one member from
each university that.proOoses to offer graduate work in the area;

in so far as possible the members of, the subcommitte4 shall be
Ar

a,.

members of the pis4ipline Group. Each subcommittee shall meet withi.

an ACAP represeatativipto discuss the choice of advisors and to

prepare, a-list of at least eight nominations.. These nominations shall

be, zjigt,ted Io,ACAPthrough the DisciplinewGroup which -may comment

on hole's. '

' e
..1

B6 ACAP shall select the'advisors from these lists, and may obtain help

ft the consultant's in doing so.

-:\

C.- Collection of Data and ,of University Plans'

Cl. ACAP staff-will prepare draft forms and instructions for collection

of data as described in paragraph C6. The Discipline GIcup will ,

examine and omment on these forms and in in partioutsf

on the choice f fields. .

4

, C2. .After the forms have beemcompleted by the upiversitiee,,the
Group wilikwexamine the data supplied,. and indicate any .inadequacies'

or inconsistetKycof reportiilgStandards.

,

C3. The Discipline .Group-will consider and discuss also the university

plans submitted. Th's Group mayake suggestions to an individual
--Ainfiversity or it ACAP as ,a result of these discussions. .

-
. .

4/
C4.. If discidetens of C3 were to lead a university tq modify its

/.4 pl it AVIA so notify ACAP. . '.-

C5, If a unive sity changes itsplans at any time before the completion, 14'

of t e p ing assess t, it, shall notify /KAP of the changes.

Cons t sure inst ed to disregard any material provided to
them which is at variance with the statements provided by the

university through ACAP.

16ch'university is to supplAto ACAP (in the form decided following

cedure C14 the following informatio&

.
4,

5
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(a) the Areas and fields currently offered fOr master's and

- doctoral work

lb) for each,area,and4field current lists of faculty members,
numbers of faculey.members, enrolments, degrees granted and

drop -Lots in previous years

Curricula vftarum df Ali faculty members now engaged in
graduate instruction Sr soon expected to be

(7'(d) historical data on graduliee Students cov,2rtng,
:

(i) - enrolment . ,'
,

a (ii) immigration Status and country df `first degree

WO, financial support '

. f'
t ('iv) drop-out number

(v)_, 'degrees granted

(vi) post-graduation employment of PhDs

(vii) employment of ABDs
(viii) list of doctoral thesis topics

.(e) data oh the undergraduatelase, 'in particular enrolment in
work leading to graduate study

(f) 'data and statements on resources of space and laboratory and

coliputing faCilities 1

(g) data and statements on library resources, in a form to be' Ali,-,
worked out in conjunction withthe'Office of Library Coordination

(h) support from related departments
,-,

t.;, gi) inter university arrangements for graduate study in matheietical

I c sciences ,- 1
. . . 1

. . , '
C Each university is to supply to ACAP a.starement oflts plans for

the future of graduate work in the mathematical scierces,'in as much
detail as possible, 'under'each of the headings (a), (b), (f), (g),

0 (h) and (i5'in C6, Including explicitly the planned numberS,,c4-
e, faulty and gradu.ite students in each area for the. nextgfive years.

The plans shall treat the years'.105-1980 i* detail and shOld look

\* ahead to aboUt 1985-in outline. The plans should be accompanied
.-by.ar&uments supporting their appropriateness and should consider
the projected enrolments in terms of the'soures and motivations

'o"otential students. Since the conaultanik pie to deal with changes

in thelield em is and in methods and content of mathematical .

graduate ed.o.r..afion, any plans bearing on these topics should be

.presented. It is expectedkViat the plans presented in response
t8 this"procedure (C7) will be, largely generated at the departental
r-evel, and may contain components on which thelUniversity cannOt
commen t thii time; the statement shall however besubmittedby

" the uni. ity (through the graduate' dean) thereby'ensuring that
it does not contain anything that is at variance with the gen'ral

University plans, poliCies or expectations. '

. .
.

r
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C8. In addition to the material in C7, the president diach university
is to make a statement Concerning the university's plans for graduate
work in the Mathematical sciences. This statement may comment on
the C7 statement and should at least explain the extent of the
university commitment to the projections of faculty numbers and
anticipated enrolment.

aI .

C9. The dates for submission of these various reports shall be_ixed,by
ACAR. .

° .

D r Terms of Reference Bit.gConsultants and Advisars

The consultants and advisors will meet with ACAP rep4.esentt6es
for briefing. The consultants and advisors shall meet With the
Discipline Group to.discuss the terms of raerence and practical
arrangements for visits. If desired, consultants may at this
stage suggest refinements or clari.ficationa for inclusion in thee
terms of refertnce; if such suggestions are'approved by ACAP, they.
will, require ratification by OCGS and CODS s

D2. The consultants and advisors shall consider the data and plans
described in section C and may obtain other data andoiiews from
any relevant source,. such as employers Rf holders of graduate
degrees, professional and learned societies, the Science Council
Commission on mathematics. They.shall acquaint' themselves with

the COU principles. governing planning assessments and wIth some

completed planning assessment reports.

D3. The consultants and advisors shall visit univerSities:in accordance
with a schedule established by tyre ,consultants and ACAP1 The

detailed agenda for a visit will need to be.estiblished well in
advance of the visit. The visiting team shall include at least
two of the three consultants and at legst one advisor for each
of the areas in which the university proposes to give graduate
work. If doctoral work is involved in an area, both'advisors
shall visit. At ea university-the consultagstipill meet with

the various appropriatk officers (deans,,librarians, etc.) and -
with the ch4rman of each departmedt involved in the assessmerit."

. -
They Will also meet with staff and students of at leastsome of
the areas concerned. =An, advisor spend most of his time with

the' staff andttudent of his ,ara of expertise, but will also
meet with the chairman *fid.With senior officers if there are

.,particular matter's co cerning hfs area on which he needs information".-!"

,from such sources.

D4.LApart from the initial meeting With. the Discipline Grdup, the
--, sOnsultants may arrange,,pther meetings with the Discipline Group,

4
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as thRy'feel.necessary or at the requert of the Discipline Gro4,
in either case after consulting ACAP.

.

D5. The consultants and advisors shall prepare reports as described
in sections E and F.

E Area Reports
f '

El. For each university, there shell be. pre,pared 6 Area Report for
each area in which that university offers or proposes to-offer
graduate work. These reports will be drafted 'by the two advisors .

in the area, even if only one visited, and are to be finalized in
consultation with the consultants who visited the university.

A
52. Each Area Report will deal with one,..unive'rsitY,only and wil l'

cover the following:

(a) Fields for each field, discs faculty-numbers, student
numbers, courses given, course- enrolments, 'quantity and
'quality ofresearch'output,'Apumber of master s and PhD
Agrees awarded, suitability of doctoral thesis topics,
quality of doctoral tites,/ . '

(b) Can the current staff deal with the number,ot students
projected forSfive years? If not, what,/ additions seem

necessary? '(Undergraduate loid will need to be con;lardd.)

(c) The location of.the undergraduate traigink of the Students

(d)' Comment-on the adequacy pf research and study space (office
space) for staff-and students. Comment on other physical
facilities, including compu.er adequacy and computer avail--
ability tb the graduate student

(e) Discuss library on thfe basis of report supplied

(f) Examine and comment on admission standards and, if possible,
on the acadeifc quality of the graduate student body

. ,

(g) For doctoral programmes for each fieldindicate the quality
of education offered the student, using the.f6ilowing

ck.

categories:
-

(i) outstanding (e.g.'comparable with-le.best in the world)

* .(ii) excellent (e.g..in the top four or'fivR'in Canada)"

(iii) :competent- to good (e.g. there would be' little Fiegitation-

- in advising a good stuaent'to enter the oprogramme
4

N') questionable (e.g. either thellualityis inadequate
00. , or further study is required rb.establith.its -adequacy) '

I

4

4
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.The judgements should be,justified by a discussion, and should refer

to the current state, but if ahy change (in either direction; can be .

corifidently foreseen ,it` should ,be reported.

(h) List the fields of the area in which doctoral theses should

. at present be supervised with explanatory comment if desired

'(this is particularly 9portant for programmes with fields,

)
- in categories (iii)land (iv) but is requested tor all programmes)

. itE3. Each Area port shall be submitted to

eceReniversity concerned

.(ii) the consultants

(iii) 'ACAP

Area Reports are NOT to be published or further.distributed except

. that, if COU feels that an Area Report is relevant to the final COU

'discussion of, the ACAP report, the Area Report will be'Male available

to COU, but not for publication.

E4 All Area Reports will be distributed simultaneously.
0

E5. EaChuniversity will be invited to comment as it sees,fit on each',

of.fts Area Reports. The university comments will be submitted to ,

AcAP and transmitte\Fby ACAP to the,tonsultants end- advisors. The

- university comments will NOT be published or further distributed-,4

except to COU on its rehuest as with Area Reports.

F - Consultants' Report 4 -

Fl. After the'deadline for receipt of comments on Area Reports from the

universities, the consultants shall draft a single Consultants' k

Report. 4 will be based on the material,described in,D2, the

Area Reportr, the comments thereon and of course their university

visits. It is important that theireasoning behind the recommenda-

tions in the Consultants' Report be apparent, and to this end they °

should include information from the Area Reports in any manner which

seems to them to be appropriate for their awn report which will be

a public document. They may'also Obtain assistance from their

advisors ontseneral'consideratiorit concerning the development of .

the.foUr areas in the province or more widely.

F2. In th it report, the'consultants shall:
.-

(a) give aseneral discusSionof the current state of graduate

, training in mathematical sciences in Ontario including at

least the Tollowin-g topics:.

15,
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general level of quality

'suitability of graduate programmes as prepatation for
Ar,tesequent employMent

any significant gaps in coverage of fields

any overemphasis on some field(s)

summary of material in items,E2(a) (d) and (e) of
.Area Reports

-

adequacy of research funding for support of graduate
programme .

relationship'to.related disciplines

(b) Discuss changes in field emphasis or in content of,appi,icability
of mathematical-graduate training which shoUld'be expected and /or

- encouraged in the next decade

(c) Discuss so,ciety's needs for holders of graduate degrees on 'a
Jive to ten year basis and in this connection comment on the
planned enrolments subiitted by the universities. Discuss the
likely number of Well. qualified applicants for admission,

,allowing for changing pattetns of immigration, and,compare
with the universities' enrolment projections. (It is recognized
that. the consultants are, not primarily experts on manpower
projection's and, while the abcirge discussion is essential
part of the planning assessment, corrective recommendations
will be made by COU-only if there is a gross mismatch between'
the universities' enrolment projections on. the one hind and the
antieipatqd total of well'Aualified students or a reliable 41 .

estimate A needs on the other.)

(d) Discuss the relationship bttwden the size of programme (enrolment
arra _field scope) and' the quality of training,it offers,a
student. Consider the role of postdoctoral fellows in this
connection

(e) _Discuss any other general matters important for tne,developmvd
of graduate-work in the mathematical sciences in Ontario

(f) Make recommendations concerning the most significant points in
the above discussions (or otherwise emphasize their importance)

,(g). On the basis of detailed assessment, recommend the role to be
played in the provincial pattern of graduate education in the
mathematical sciences by every area proposed by a university.
Some possible recommendations are: continuation in'accordance
with the official plan submitted by the university (C7 and C8),
or a Bore restricted undertaking either in numbers of fields or
students, or a larger or broader t.rogramme, 6i suspension of
enrolment, or disconttnuancemf-qe programme,, OD continuation
in Bogie form if successful in an appraisal,'or initiation ,of a
new programme subject to appraisal, or joint programmes Or
cooperative ventures

,

-
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In all cases, it it important that the rationale for recommendations
be clear and the consultants should 'give their judgement of the standard
of each subfield by university in the same mariner as described 41pr Area

Reports in item E2(g).

(h) Discuss the realistic possibilities for cooperative activity
involving a mathematical sciences dep rtment and another
department or institute, either mathe atical or not, either

in the same university or another. ke recommendations as

seem appropriate. for specific cases.

F3. The isultants shall submit a draft -report to ACAP to permit ACAP
,to ensure that it meets the terms of Trference listed in F2. The

Consultants' Report will then bc submitted to ACAP.

$. G - ACAP and COU Reports

Gl. ACAP will then prepare a draft ACAP Report.

,G2. ACAP shall send its'drnft Report'with the Consultants' .Report as
an appendix to the universities and to the Discipline Group tor

;e4g
comment on both these 'reports. At this tage, or during the
preparation of the ACAP draft Report, ere could be meetings
between ACAP,represantitivee and the Discipline Gfoup and/or some
universities, if any Tarty requested such a meetin. There Could

also be refetiral of mestions to the consultants by ACAP and any.
material provided by Xhe consultants shall be published Ilpy ACAP

if it has been used Or its Report.
at

_ . 4
The comments of the-DisciplIne Group on the Consultants' Report
will be published,as/tTill those of-any university so requesting,
but the comments on the ACAP draft Report will not he published.

G4. After receiving the comments, ACAP willrprepare the final ACAP
Report and submit it to COU with copies to OCGS, CDAS and the

. Discipline Group. 41- .
'

G3. COU will not'take final action on the COU Report until it has
allowed at least one month for the receipt of any written comment
on the ACAP Report from univereities,v0CGS, CDAS or the Discipline
Group. COU wil1,4ectde what comments it will publish. As a
minimum, COU wiTI-publish the COU Report and the ACAP Report
including the Consultants' Report and those comments on the
Consultants' Report. -that are .to be published.

14"
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Appendix I

Mathematical Sciences Discipline Group

1. Establishment of Group*

ti

a. On November 15, 1974, OCGS authorized the establishment of a
Mathematical Sciences Discipline Group with the following
membershiple two froM each university intending to carry on
graduate work, and containing at least three persons working
in each of the four areas: pure mathematics, applied mathematics,
statistics, computing. If .the persons nominated by the univer-
sities should not include three from each area, ACAP is to'coopt
additional professorsIto make up the necessary number. When
there are matters for which it is desirable to have input from
every university concerned with one of the four areas, the
Discipline Group will be expected to establish ad hoc subcommittees.

b. Changes of a university's representative are to be notified by
the executive head.

c. The Group, shall select its own chairman.

I

2. Meetings

a. The Discipline Group may meet at the call of its chairman or in
accord with its own arrangements.

b. The Discipline Group may,be called to meet by the Executive
Vice-Chairman acting for ACAP.

3. Responsibilities

a. COU hasjnatructed ACAP to conduct a planning assessment in the
Mathema, cal Scienpeg:and the Discipline Group will assist and
advis ACAP and generally facilitate theassessment.

b. In the uture, the Group is to keep under review the plans for
gra ate work in'the Mathematical Sciences in Ontario; including
new developments and. trends in. the discipline, and to make'reports
'to ACAP on a regular basis: For this purpose -ACAP will assist
the group in obtaininj information and data, as mutually agreed.

c. The Group may make recommendations to ACAP in connection with
graduateybrkiin the-Mathematical Sciences when it considers it
apPropriate.

-4 15,
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RESPONREOF THE MATHEMATICAL SCIENCES DISCIPLINE GROUP

TO THE,CONSULTANTS' REPORT
'r

The Discipline Grout; met on August 25e 1976 in the offices of

the COU to discuis the report. There -wash a general feeling of-satisfaction
*

with its overall views and recommendations - we felt that the advisors and

consultants had done a commendable job considering the enormity and tom-
.

plexity,of the task. We sincerely hope that this repoiti-gftd the decisions

made by the Discipline Group itself will, lead to %n improvement in the

already high-quality of the Mathematical Sciences in Ontario noted by the

consultants.

*

Most of our discussion centered around a small number of topics which

.

were thought to be of particular importance and which are dealt with

separately below.
qt.

OPTIMAL NUMBER OFJWRADUATT STUDENTS

The 'Discipline Group was very disturbed by the conclusion lhat.a

'figure of around 40 Ph.D.'s per year would be'realistft for the period

.1975-'19(0 (se page -A -23) and by the statement that the number of Ph.D.'s
,

in each of the four areas shoulilbe roughly equal. Certainly a figure. of

around 10 Ph.D.'s per year in Pure Mathematics seems to us a reasonable

number. Id Statistics the figura of 10 is posgibly low, if not nowAhen

very likely' in a few years. Several departments in Ontario haverecently.

had considerable difficulty hiring Statisticians, and in addition there

may be an increased demand in non-academic institutions4n the near futtftse4--

14 Applied Mathematics the possibilities of non-academic employment could

161-
st.
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create a need for more Ph.D.'s in the early 198.0's, wlIgh would call for

an increasc in the number of students in1the next t 9r three._ ears. The

1
, . ,_

difficult4 of making reasonable estimates for the nuMberOf.Ph.D1s. required

in Applied Mathematicsis aggravated by the presence of other university

.

departments which provide similar graduate instruction (for example,

Engineering and Management Sciences).

In the case of Computer_ Science, the figure of.10 is far too low

even at the present time and a figure of 15 to 2(SWould be much more

realistic. For example, the U.S.,produces somewhere in the neighbourhood

of 300 Ph.D.'s per annum ih Computer' Science, so on a per
1
capita basis Canada

might be expected to produce 30. In view of the pmall number of Computer

A
Science Ph.D. programs in Canada, Ontario might well be expected to produce .

about,20 of these. There.is a continuing demand.:in both the academic and

, non-academic worlds for graduates; ,indicated, for example, by the paucity.

of post-doctoral students available.
.

t.

We should also like to point out that recent statistics given by

ACAP indicate that the actual number of Ph.D:s produced-annually in each

of the four areas is tend towards t numbers which we suggest above.

They appetr to demonstrate that the graduation of Th.D:s:in Ontario during
. _

the next few years will be as, close as one obuIdreasonably expoct to the

employment opportunities' available. It should also-be pointed o&., of

.course, that the recent chanO in graduate,financing by the province of

Ontario will tend to-reduce graduate poptrti3z tion figures.

Our group feels that continuous.monitpring of the graduate student

population in the-Mathematical "Scienc in Ontario (Recommendation l.i))is
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a good idea and thatittilis- function can be carried out adequately by the

Discipline Grroup.
,

LENGTH OF PH.D. STUDY.

In the second paragraph on page A-15, the consultants state that

the time q ed for the doctoral degree should not exceed three or four

*

i years. of full time study beyond the baccalaureate under normal circumstances.

We disagree with this view.and
.

feel that a more appropriate figure is four

to five years, especially ih view of Recommendation 43 which suggests that

more comprehensive requirements for sWdents'both in applied subjects and ".

in'Pure Mathematics are desirable, and also in view of the consultants'

stress (with which we agree) that the emphasis on'graduate 44pCation in

Ontario should boon qualityrather than On quantity.

IZE OF GRADUATE PROGRAMS, INTER-UNIVERSITY COLLABORATION

AND GRADUATE SUPERVISION

Inchaptgr III, section 3., the consult ts state that "most

research student* should work In centres where the are an appreciable
. ...\

,

111
'number, five or more research sidents in their area, but that other de-

partments with the facilities to provide programmes of the necessary
,

quality

I .

should not bebatred from doing se. -,The Discipline Group is in agreement'

with the notion that it is generally advantageous to hav several students

in each area but would like to stress That, more generally, the level of

4

activity in an area is the essential:hCtor. One manlfestaeion of-such
.

activity is cettalnly the presence, of graduate students, but,thelt are.

4 ,

16,
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,

obviously others as well: the numbers of faculty and post-doctoral students
. .

.

(and their publications), frequency Qf seminars, etc.

In the same section, it iog-21ckakstated that "it is not economically

viable tp mount a thorough programme of course Oork within-an-area without

s'teasonable number of;studefits"..
0

This seems to us perfectly clear and °

. - .

.
..-

we feel that it is unlikely that a university would allk a-graduate

program toremain in existence if the nutber of students dwindles to

:such a point'. This is, of course, also a matter which would be, and

probably should be, monitored by the proposed inter - university co,ittee

aJt .

on' the Mathematical - Sciences.

-/
The consultants also allude to the fact that the stimulus for

research in mathAtics need not come from an active graduate student'
. -

1/1*program but can come fr m interaction between faculty members andjmst-
. '

doctoral students. We are in agreeMent with this pnAt of view and we-I
.. ,...

,
---

feel, furthermore% that the universities should do more to promote such

collaboration, not only within each institution but with mathematicians
$

.

in neighkouring institutions. To this end we suggest that the univetsiti
.

.

I.
. /

. J

./
provide some financial assistance to augment the lite of NRC operating grantt
,

.

for such collaboration, by using some,of the_fundsmade'avilable from cuts

in the graduate student population. In particular'because of the isolation

of Lakehead and Laurentian Universities:the Discipline Group recommends

a.
.

,
that-provincial funds be provided AT additional travel by faculty:students

and post-doctoral students from these two instoltutions'to encourage their

collaboration withJbthers.

A matter closely relatedto this.41s the'consultants' uggestion

-..
,u

.
0 t.Ph.D, students be allowed to choose a supervisor at a different

1

G

e

I
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institution, and that in ny case all-Ph.D.super,heory committees hta

one member frordanOther ins7Ntion. The Discipline Group enthusiistivally

supports this-proposal-w4th,the .proviso that such an arranAement,b15-
4

. 4,

\ 1
strongly encouraged but not mandatory, the-ObVious reasoo-that there-

- 4

will certainly be circumsranCei under which it would,be highly impractical.

We 4e1 that the
v y
appointment of 'external would_ not only be of

.
benefit- o students but would foster collaboration among the facult in

.

,

the province, and we recommend that university provide the necessary
i .

4 travel flinds to enable the .student and the external advisor to ;eet
. ..0

.0
- 0 \ .

regularly.. We believe, in fact, that many institutions already have such

funds availablt.

are was some

*
did not deal as 'acfeclia

MASTER'S DEGREE

feeling in e-Discipline G254.0 that the consultants
-

tely as they might have with the master'ssdegree.,

-The Discipflne Group was dhanlmo liAlcom0 14 that any university
-_.

offering a,master's deg should be allowedit grant the degree either

by course work,J,n4 thesis or by course work alone,- The Discipline'Group 2"-
. 7

eta° hearfy suPPorts Recpmmedation 41 i) that part -time study at'the

master's level be encouraged.
qr

4

IN

UNIVERSITY RECOMMENDA'fiONS.

4

The Discipline Group fPft Chat responses to the recommendatic.,
4

,.... ,,..

cerning individual universities are best Made by the institutions
ligri !---. , ..

_/.
themsellveS. There was, however, some on several of the -

*,
.

1
4

6.,

0
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1.

recomtendations which we Should like to report.

-

First of all, in the introduction to the.area reports on Comp
. t

Science (p.A-63), the consultants "see some danger of an isolation

Computer Ccienc from the other areas in the Mathematical Sciences" and

they state that "die linksbetween compUter'science and relevant areas of

pure mathematic*, especially algebra, and betwe

4

applied mathematics, numerical analysis, and.sta istics, all need

strengthening". We feel that these statements might be interpreted-as
It

(

1. /6-

computer scjence, and

jimply 'that Cortpdter
4
Science should weaken its ties with other university

ir

discipl s s as Science, ikngineering and Social Sciences. Such 4step

A
etrogressive and tokprevent such an interpretation, wewould cle

would hav

.1101

phrase "to be maihtainee'inlieu of "strengthening" .
4

ft%On ano er point, the consultants oted, in the area reports' (elf

' AP
eraPfnstitutions, that Ph.D. theses were less than satisfatory.

Severa/ members- of the Discipline Coup felt that these statements were
0-\ . . .

erroneous since many of these theses'were published in journals of good -',

.repute,and, more_impbrtantly, the amount of time ayailable to the'advisors

''

2
o

. '"
.

'r , .

and consultants to forsuch jddgments Was inadequate: Others felt that
.- .

.

. o. ,,
,

certain conclusions regarding the duality of theses were possible and that
,k

P a , P
in any case theotommenrs of thewconsultants thereto should by accepted as

a

o. .- .
. ,

4 #
their honest opinlons.

.

SUMMARY

s

1. *The Discipline Group agrees that the proposed number(10.per annum) of

Ph.D.'s in Pure Mathematics is) reasonable. In the case ofApplied
,

.

,MAthematicand Statistics, the figure of 10 is about 'right )4t--the

. ,*

3

e
oo

41*
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. ,
moment, but will likely be too low

0'
5 or 6

4

years from now. In Computerf.
Science a figure of 15 or 20 ts more realistic.

,
2. The Discipline Group considers 4 t65 years to. be the,desirable time

from the B.Sc. to the not 3 to 4 years as suggested by'the

.consultaj -ts.

3. The Discipline Group jupports the view that research stimulus should
4

,

be bed increasingly on colldeTition among faculty and post-doctoral

students rather than od a gaduate program, and suggests that

universities encourage ,such activity. In particular- we.recommend

that special provincial funds be made available to mathematicians at

Lakehead and Laurentian Universities to enable them to

fully in the mathematical activity of the- province-. We also. `support,

the idea'of externdl,Ph.D.dvisors-whee practicable, and'suggest

, that universities provide financial supp4rt for Such arrangements.'

4. The Discipline Group supports the encouragement of part-time master,, s

lludy, 'and'recompends also -that master's degrees he- obtainable by

4
totrse work and thesis. or by course rk alone.

ith regard to the*Area,leports in Chapt r II, the Discipline Group
0

(i) would have preferred a suggestion,by' the consultants that the

4...0

links betwen Computer Science and the other areas of the

Mathematical Sciences be "maintainear'6ther than "Strengthened ",

, in order to avoid the,possilele inference that ties with disciplines

outside of Mathematics siou/d be weakened.

,

e
(ii) discussed the validity of the consultants' (and advisorg.)

,

- Conclusionvebout the quhjity'of Ph.D.
/

these in view pf the limited

4

-
qpportuh fity to examine Chem. There has no clear consenstS on the-
.

tluestion.

1.6 a
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UNIVERSITY COMMENTS

;
.

Commdnts appear from -Carleton , Guelph , Lakehead , -44

McMagtdr ,' Toronto, Wate:yloo and Western. Ontario.
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CARLETON UNIVERSITY ,

s.;,

RESPONSE"i0 CONSULTANTS` REPORT

111

0 MATHEMATICAL SCIENCES

Ubtober, 1976

Ai

1) General' .

If,

41-
, ,

. . .
. . , .

Considering the limitations under whic) theoConsultanks -..

-and advisers worked, aud which are inherent in Stich" a' . ,. 4
,

wide-T,ranging -Study conducted in a relatively.3imite'd,time 4
period, we are impressed by the thoughtful ond.penetrating 0,
documenthey hwize Globally, ,we believe that-they
have accurately assessed the current state of affairs in
the mathematical sciences in Ontario and that their rccommondalgons IIP

1 . si ,....
are sound and in thok....right directionf7

.

14.2)
Response to Specific Recommendatiorks:

7

(a) cooperation with' the .University of .Ottawa
(Recomkendations 15.i;-22.(iv),

git

Generally; we are working to improve c llabbration with '.
the University of Gt-fawa in all are ofthe mathpmatical
sciences. For example, welhave lnsti:tuted.perioelic meetings
of the chairmep of the two .depattpnts to co-ordi nate the
schedling ,ef,,gradua'te courses; to arrange."for other joant
activities ad to keep each other informed about the
academic,plans:lof 1phe_respective departments. jen rrdbability.,
and ,Statistic we have-propotheinstitutian of peri,odio
full day .fointvotkshop(sessiOns for' tacU-114:;asncrgtaduate . -

students .4 ,-. #

It is possible to arrange for faCulty members ofAeighbouring,
universities to be involVed with the C'Iprvision of. Ph.D.
students .in our department when1i4d i,a'acaderni.capy ' . '

.appropriate.and provided that tkier,other institution inv6lVed4
'also-gives 'its aaproal. 1

4 - , 40
4 0 J 4 ).

,
'

In response to,32..i.ii.regardO.ng the development'bt, a'
comprehensiVe 'mint piagr&n. of Ildademicvork:in'e:omputer - ,,,
sciende for the'Ottawa.area,'a dbmmittee has bceil formed 1

which includes',represehtativesstf:the Departme4of '
, ,..

Matheniatics and Systems Engineekring_At Carleton niversity
and the Department of'athemaiCs and Computer Science at
the-University of Ottawa with the,respon0.bility ,of-

..
drawing up long-range plans. $ _

, *
) 1

..
,

'
160
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(b The MiSc. Program' in Information and SxstefisZCience
ecommendations 22.iii, 32.i, 32.ii):

We are, gratified that the consultants have recommended .,

the'implement&tion of ,the program:in.information
and systems science'. The",queStion of the role of ipobability
and statistics in this program has been referred,-to the
joint committee roe an in,ternal ?-eview in the lightlo
the consultants' comments''.

The M.Sc. `program at Carleton which is the joint responsibility .

of the Departments' of Mathematics ana Systems Engineering_
has already attained a viabDe size, and it appears 'to be

a program that fills a demonstrated academic need atAlifs,
Uniersibty., Sinde the, comparable program at 4 :he University
of Ottaw%j.nvolifes five .departments, such a' oint proclram
would.inviMive the formidalarle Irganizationai difficulties
of co "-ordinating a program involving tvolUniversitips and

seven departments. However, the iteans.ofGraduate Studies
and ReSearch of'the two universities and a representative
Of theHinter-university committee,e aurrently*Vvesfigating
the possipilit.ythat some of-the acTalwivities and 'courses

of these two programs coulcOpe mutually useful. :

(c) The CoOpetative M:Sc. Pr6gram in Statistics
(Recommendation#22eii):.

9

, 1

We are in complete agreement with the,c nsultAnts!
. .

recommendation that this program be str ngly encourage'
'since it has been ah important stepin'our development
ic,:f an M.Sc. prograM which provides for.a.sound and
well-rounded training for a career in applied prolapeility

andand statistics. .
.

. .

(d) The boctoraq Programs in Pure and Applied Mathematics
And Statistics(Recomm- endation 4.ii, 15:ii,,22.i)

The repbit recommends that thdse three doctoral progjts
continue with more precise- defin;ition,of the fields
offered- in the applied area. -Althou'01 the latter point
is under continuing-re yieW, a preliminary recommendation

( has been made by the department to specify 'tle'applied
arias as follows:

A-

(i),, Applied Anallirs and Dynamical 'Systems

(ii) Theory of Compatdtion and Optimizatibn

I #
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u
The first area has been established for 'a numher of-
years and represents the natural continuaficih of thee
ctivities. The second area, the theory of computation
d.optimization, was selected four years ago )ay the',

d rtment in its Vrtternal planning for graduate
stud es as one which should be grTen special priority
and -s singled,out for encouragement in theA.C.A.P.
cons ltants' report on Applied MatherStCes. Since that
time the foundation for this area, including the creation
of basic courses, has been established .and we are

riconsideng the completion of this development as soon
as adjustments in staffing make this possible.

%%

I
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.; UNIVERSITY OF GUELPH

COMENTS ON CONSULTtiNTS'.RE?OiT

MATHEMATICAL SCIENCES ASSESSMENT

In expressing our generP1 satisfaction with the report

A

of the consultants we wish also to endorse the additional particIpation

of advisors. Thiadeirice for conducting, the assessment of a complex

discipline May well serve as a useful precedent for future assessments

of comparable breadth.

In their first chapter the consultants have given their

opinion on a number of points. We are particularly pleased to mote

those pertaining to faculty research, to the duration of a normal

master's program, to critical size, and to university cooperation..

We observe that Figure V on page A-20 does not 'illustrate what the

words in the first line of Page A-19 lead the reader to expect. In

that line, replacement of the words "graduate students" by "doctoral

,

graduatec wuld.remove the discrepancy. The consultants are to be

.
..,, 1 .

-,,

,rommended for their careful analysisof employment opportunities.
I.. ---N

In chapterIL'the basic observatidns presented on,pages-
,

, r.
.

I . °
0

e.

,
A-29 and*A-30,relate chiefly to doctoral programs, lot the suggested

.
. v.

.

.

emphasis on qualfty and- 1p also appropriate to masteTte
/ .

..

, programs; we share, the Implied ;Concern of consultants.

The statements concerning .the Uliiversity of Guelph seem

.to us to bb both fair and unexceptionable. The suggestion for pure
1

mathematics (pages A-39, 40) is a useful one, as is that for applied -

mathematics (pages A-5(), 51).

111
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We are gratified by,fecommendation 28 (page A-61) regarding

our. program in statistics, where we takeeparticulai note of the

suggested cooperation with the Dnivesity of Waterloo. The matter

of faculty appointments while no easier for us than for our sister

universities, will nit be lost sight of as aipointment opportunities

occur.' In passing,we note with interest that the consultants have

suggested a nominal distribution amongst the universities for ten Ph.D.

graduates per annum in pure mathematics; buJthey have not done so for
,,,

the ten Ph.D.'s in either applied mathematics and statistics (whether

theoretical r applied). A suggested distribution in the latter area

would have en helpful to Guelph in contemplating' the possibility of

a future dept pment in applied statistics at that level.

The stat ment (pages A-69, 70) concerning our work in

con uter scienc= is helpful. In this, as in the other areas, we are

c2nscious of our, location in the lee, if not the shadow, of Waterloo.

We would welcome the opportunity of cooperation.in the supervision of

graduate students with our academic neighbours.
r

yinally, viith regard to Chapter III, we endorse the intent
. .

of recommendation (pages A-111 74) in respect of inter-university
e

arrangements, and uld be:pteiohred to partiCipate where possible;

RecoiMendation 41 (page A -77) regarding part -time students' reinforces

one aspect of the University's Aims and Objectives:: as published

several years ago. And as for Recommendation 45 (page A-82)we.

oaerve that Guelph has for some time,been involved in the'codtdination

of library services.

The.report;:in brief, As a; good one.

August 12, 1976
1_7

4



LAKEHEAD UNIVERSITY,

Comments on "Planning Assessment of the Mathematical
"ScienceS in Ontario" by Birkhoff, Cox .and Morrish- .

, t .
The document referred Co is the final ,report of the ACAP consultants.

it differs little in essential respects regarding Lakehead University, from
( .

To

the preliminary docume which reached us in December 1975. We feel hat .

our comments forwarded n December 10, 1975, are still applicable, and wish

to dor more at this time than summarize the maior gbints discussed,Xn the

December 1 .0, 1975 document.

1. We feel that the adyisers and consultants have

given Lakehead University a strong end cation

in the area of pure mathematics and we are

encouraged to continue and strengthen our

efforts in this program.
o.

2. We believe that, while the ACAP advisers were'

'caipful to restrict their comments to the area

of pure mathematics, we are justified in reading

into these Comments approval of our entire program,

and plan to proceed on this basis.

3. With respect to the'critical area of enrolment, we

note that while the consultants concLude that

programs can succeed with as few as five students,

their comments on our low enrolment, and lack of

",Canadian content", are Lair. MoweN'ier, the

described situation is not one th'at'-we can easily

gtvedy with the existing area restrictions on our

M:Sc..program, and it is vital to us that our
.X

present successful program be broadened into other
r

applicable areas ofimathematical sciences.

17
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McMASTER UNIVERSITY
Deanipf Graduate Studies

1280 Main Street West, klamilton, Ontario,. L8S 4K1
Telephone 525-9140

t

September 28, 1976' .

Dr. H. Ygtes,
Exec tive Vice-Chairman, OCGS,

Counc of Ontario Universities,'
130 St. eorge Street, Suite 8039,
Toronto, Ontario.

Dear Dr.1ates:

In commenting on the reports of the Mathematical Sciences assessment
we confine our attention to the consultants' report. Our comments on that report
however, bear directly on some of.the statements made on page 19 of the ACAP draft
Report, namely those concerning the quality of our mathematics thesesand the
Statistics faculty, as well as Recommendation C12:-

Pere Mathematics- (p.. A-37).

We feel that the consultants' 'comments on our Pure Mathematics programme
generally are fair and accurate. There are only two points on which we take issue

with the consultants.
.

1) 'As we oted in our respobse to the advisors' report on Pure Mathematics
we are.very unhappy with the.Statement that the overall quality of the Majority of

the doctoral theses examined was "acceptable" and that there was none that,could be-

,,described as "really outstanding". We contend thatAhere have been several theses
written byour students-which, by most peoples' standards, are considerably better

.than "acceptable ". We would rate them as outstanding. We have on file reports
from external examiners, who. are internationally known mathematicians, that describe
these particular theses as "excellent". In addition; We note that more than 20
of our Ph.D. theses have resulted in Publications in such journals as the J. f. d. -

Reine Angew. Math., Trans. A.M.S., Can. J. Math., Pac. J. Math., Math. Zeit.,

Math. Jap., J. Algebra, Abh. Math. SeM. Hamburg. 7,

2) The statement,in the fourth paragraph that "the majority of the'
doctoral theses ..: examined.were, iAnderstangably, in the area of Algebra",'may
crease the - .impression that the majority ofDur'Ph.0: theses are in Algebra. It

was pointed out in our response to the advisors' report that this is incorrect

and that the116 theses completed to date have been distributed as follows: Algebra
12, Analysis 17, Geometry & Topology,11 and Graphs & Combinatorics 6.

The c onsultants suggested that "unless some positive steps, are

it will be difficult to maintain a lively and' vital programme in Pure Analysis at

McMaster". In this regard it is important to note that the University recently
has appbinted two new faculty members in the area of Analysis: One of them, Dr.

C. Bennett, has been appointed in the Department of Mathematics aul the other,
Dr: M. Ismail, has been appointed'in the DepartMent of Applied Mathematics. Thew
appointments strengthen-Ronsiderably our workin Analysis, work which we 'believe
is already well in line with current interests.an'd applications as called for by

the consultants. 17u
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'Statistics (i).

We are anxious to clarify the situation' in regard to our' graduate

.programme offerings irf this/area. As we noted on pages 4-9 of our Five Year

'Plan, which was part, of the materjal submitted earlier in convection with this

assessment, we do not"offer docioFE1 work in Statistics, We concede that our,

Graduate School.talendar is- somewhat:misleading on this point and we intend. .

to change.the appropriate-sections of that document. We dooffer doctoral

work in ProbabilityTheory bdt we regard this as Pure Mathematics and not

Statistics.

4

The statement concerning the "he erogeneous" quality of faCuliy in

the Statistics area prompts a Comment: 1,4
do not object to the overall judge-

ment but we would note that the consultants recognized that we do have some ,

very strong faculty Members in this area includ' " atistician of inter-

nationally, broad repute". They are however, located in Verardepariments.

We are engaged in a thorough reorganization of our Statis,ics'graduate work

in order to unify our offerings and coordinate our stregths and we shall, be

happy to vat the revised programme forward far appraisal.

_ c

Computer Science (p. A-68).

Our Computer Science group has re= thought and re-structured the graduate

programme so 'as to emphasize more distinctl its interdisciplinary character. When

the opportunity arises, the University will give careful consideration to'the

recommendation that anbtherfaculty member be,added to strengthen the dive sub -.

Apts in Computer Science.

We request that the)above comments on the crsUltants'. report be

published..

Very sincerely youls,

I
I./

Les ie J. King,
Dean

LJK/del

0

7

I

/
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UNkVERSITY OF TORONTO

School of Gradate Studies ;(-

Dr. H. N. Yates, %4,

Exebutive Vi,pee-Chairman,
Ontario Council on Graduate Studi bs,
130 St. George Street,- .

.Suite;8039,
Toronto; Ontario,
M5S 2T4.

<-0-,

Plar Dr..Yates, t

I am writing'to forwa r'd'the University of-Toronto's comments on

1 the consultants' report in 'the.Mathematical'Sciences which we
would' wish to hareve publish=ed..epublish=ed..

: . 1

The University wishes to- express its defini:tesatisfaction with
the consultants' report, which emphasises the need for quality -'

and relevance in doctoral` research, dbd which clearly makes-the'
_point (p. A-14) tiriat, while a'teathing staff able 'and- active in
research iS essential to strong graduate'programmds, 'the-
converse does not follow'. These are.view§ for which this
University haS long'been am advbcate. We are naturally
gratified.* the many positive comments made about ourNiraduate

, ,programrries in themakilematical,sciences and, by the"-racothMendations
thatthVi; all continue. We especially welcome the very high
opinion expressed-by the consultants of this University's
Department of Computer Science. .

r-1

,,There is,nodoubt that the physical separation of the Department
of Mathematicp-iiimany buildings,- sipme-of marginally adequifv.
,quality, has severely hampered communication within the Department.
Some steps have recentiy_been taken, and more ire, being planned,
to iMprove'the quality of the' Department's spate,. but, in our
current circumstances,.complete centralization ((partiaularly by
new Nilding) appears beydnd our .reach. It Should be noted tkat
Matherffatics is by .no means unique in this respect;,. many of our

,'-departients are physicany split betweep several locations. 1.4...
) . 4

1

)
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Dr. IL H. Yates

C-40

4. '1114 _
Septemberr 8h,1976.

4

,

4

, se;-

an 'old' university., lack of addquate funding for renovation and
renewal of outdated space has cauSed; and will increasingj&
.continue to cause, academic ,difficulties of the kind noted blithe.
,c0-nsultants. ;

.
. ,

Weintend to give very careful consaderation to th&recemmendations
of the consultants regarding the review-of our TrogramTesin pure
and applied _mathematics, and the need for organizational dhengein
statistics. In pure mathematics, the consultants have outlined
four areas for study; it would be:hdlpful if we might have some
indication of the precise nature of their concerns, which might
best be obtained (if ACAP has no obec on) by'direct,discussidn
beteen.the'consultants and the chairma of the Departme

In applied.mathematics,, we welcome, and propose to implement, the
suggest2bn-'that an interdisciplinary review coMmittee be establi-sligd.,
WO-propose;Wpropos, however, to broaden its scow. As the consultants have
noted, much applied mathematics is done-olikSide mathematics'depart-

-. --

ments. vibuld therefore ind%de applidirmathematicians from
social, physical, and life science departments (including

,engineer:ing) on such a committee. Close linkages between the_ four
mathematical areas are clearly neceseary: at Torontd there are
other-linkages (such as -t-tiat'between CoMputtY ScienCe .and-Electrical
Engineering) which are equally important, and which have contributed
significantly to the strength-of-our. programmes:

statistics, five additional cross-appo4ntments have already been
made to strengthen the instittite of'Applied Statistics, and on new
appointment has been made in the Department of Mathematics: We -

*---expect a final organizational soldtIon to be evoLutionary rather
-, than revolutionary in nature. Whire'evolution towards dpart-

mental status for the Institute is acceptable in principle, the
nevappoin-aments needed span be made? only, slowly (if-at al) in the
.current financial situation..

.The suggestions' made by the consultants-regarding cooperation.
,between Toronto and York in the mathematical sciences,are.accep-i
table in' principle, and are already being folijowed

There area very few mitnolr points of 'fact whichshotild be clarified..
- On page A-13, it is indicated that artificial intelligenCe,

eoMputet graphics, solid mechanics, and .control thepry are not
covered- adequated:y in'Ontario. The first two topics are, as

n
I ,
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.

indicated tn'*pagalli-V, covered in Our beparlment of Computer '`

.

N*PcieVeL E'rdm prAvio4S'ACAP-asle4sthehts, there appears to 'be .

cdniiderabie mathematidal strength in solid mechanics at i

Waterloo, but located in Civil Engineering rather than Mathematics.
At To5.on'to, thete is foxy consideable strength in control theory,
.1)11 Y5cated.primarilyTiv Eledtrical Engiheering, anthonly. partially;
i.4, n iliathematics. The two -examples inuttratelthe diffNurties i'
of. assessing applied mathematids only,t5n the'baSis of work clphe in
Mathematics departments; the cons4taijts recogni,ze this praleb, \
but it is-Wwth

Ir.

OP

reA ph asizing'her, e. -'

-rina*
ly,, on pailip-A-§4,encO4raginA the-Uniy r s

*

itY of TorOntoto
'cobperate w.ith Scarnorqugollege,issuecelary: 'both Scarborough.
alip Eriddala Colleges are integral'Parto'f ehe University of
.Toronto,-an4 their staffs PartlitilAte fuLl.y in the graduateiactiyities\`

. of-,, the flepartmekit.s-in which th31,17 also hold appoiptmolpts,
i'

40 .. 1

r

saw
. ( ,. **.' 4' 01 ...

416 . \
;.---- Yipurs 5incerely,, .

...

.,

1111

. .

4 , -
k .- , t ' M 141Li
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t "k 4 James M. H

Deane. .
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4

.
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Dr. Ji-R.'Eyan§,
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Dr.
D. Chant,'.

Dr. G. E4Conne11,
festorvM. 3 noel,

Dea 'R.,A.:Greehe
Dean 4p. 147;--simith,:
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.ProfsssOr J.N.P. Huthe,
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Professor.F.V. Atkinson;
p,rofessor S.H. Smith. '
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. onse of the University of Waterloo

OPPto ter` Report of the Plathema,tical Sciences,ConSultants
lop

fo the (dv. i sor Committee on Academic P1 at'ini ng
. .

brn,itted 'to *ACAP, "Jvne 2'5, 106

General Comments:, a.
,-

r 140

Tie
4

iversity of Waterloo finds itself in general agreement_ .

--* .

. .
.

. ,

witt tne- report of the consultadts in the mathematical sciences. We believe that
, - ,..\

the consultants' arid the iakea,adyisors are to. be contratulated for the manner
. C

., ,- .,.., j,;
-

. ', .«

.
, in whicn they have carried out a difficult and,complex assessment. We are

,. -
.

. , .0.. ... -

,-partiCirly pleased to note the recognition 4 the ,Oonsult4mtsof the,generally
. L.--*. #1, . L

high quality of ,tnhgracUate Rrogoarnmes_in-_the matheniatical ScieriCes offered at ,

.. 018. . \
.. .

the ,Un'iveisi,t,y-of Waterloo. -,Waterlo6 is unique in Canada in the,emphasis it
. F \ .,, , ,

places-on the mathcsnat-ic,a1 sciences both a\t, the graduate and undergraduate levels.
-* - . 4 ,

,

The qu ity of our'undergraduate programmes, in mathematics is attested to by ,the. ,,

:44-success of,zurir. IIIbvalailreate graduates in competitions for national tchol arships
,

, ,

such 4:.4 s offeed by the National Research "Council acrd in the-success of
.

.
tniversity of Waterloo teams in tate Putnam competition cker the la.,st se'veralyears;

4 \ .. rik
In 'this.prestigicus-competition, to whi'ch the consultants refer, Waterlob rmrs. .s _ .
stood irstk in 1;44, 'second in 1.968 and received honourable Mention for )4,1tand

. "-' .,k,\*
7th, plate in 1975 art 1973 respectiy.ely. The Univer/ity will Continue its,

/
.

.

efforts to Maintain. high qiiajipty graduate and iindergcaduate progvmmes in the --*
a .

\A 'Mathematical Sciences.,

#

V lilt
\' e

. : I , 4 1 Speaiiffi'c COmments: .
.

. ..
. While'we find the co sultantS' repoirt Itrierally:acceptable,,

.._
,. ,,,. .

, .,4.. / #
, 4P

4 :1% wp ao Wish to make a few specific comments. In the Ae-Ction*,on, pure ,ma\thematicS.
, *.e. , ..

. . .1
the..cortsulkants'rectrimend (rqcommendation 3(i)) that they shouldbe a "(inigforin

1!
r-

J -. , ,.,.
. . l''U

.
.

. . .....
;'. - .,- ,

.
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qualifying examination for intending doctoral candidates in pure mathematics

including those in the Department of Combinatorics and Optimization.. We can

report that the Departments of Pure Mathematics and Combinatorfcs and Optimization,

nave already taken steps to im
1p

lem nt this recommendation and have established '
.

.

, s , .,

% a joint connittee to generally coordinate the programmes. The suggested production'

orapout 3 Ph.D.'s per yeah in pure mathematics is'reesonably consistent:with_our Ip

.

, ,pre,eni enrollment. The two departments will- continue to maintain high standards

, - , .....

-

Nd-

for the admission of students to the gtaduatprogrammes, in 'pure mathematics.

4,7:4
klythe section devoted to applied mathematics there is a i

distu'rbing reference to the effect that 4-aterlOo has a "definiZ intention 'to
4

''\
r

-relax admission requirements
t

in an effort to d uble enr lment": We can state

categorically that the-p-eartnent of Appli-ed° Mathematics h-a-sno-no-- :-.
4..

The Departmentidoes plan torOpand its enrollment slowly over 'the next feW years

_Lt we.belieVe that thisexpansion wil4 be°,just.ified by the jobmarket for

,applied mathematicians particularly ,in positIons outside of academic circles and

. that it can be met withoufleweringadftiss,ion' standards. If,theseaexpectations

are not fulfillethe expansion not occur.
.

:' ,, In the section bn statistics the consultants recommend___.
4

A 4-:,

that itwrancetlients for consulting work with other decartmentsbe.strengthened. The
4 r * ---.

.
_

,

,- ,

'University has already esta6lished.ar,rihtra-university consulting ser. .lhice aith,

is locaed,witliin the De'part'Ment of Statistics. 'This service is staffed by
'. ,,, .

faculV ipmb"ers and students. The teaching,loads of faculty members involved

mi
-- are-reduced where there is a-substantial amount of time devoted to service. The

. .

'consultants-also recommend increased collaboratiOn with'other universities'ap ..

particUbaely thielph.' The Oniversify of Waterloo is already involved in joint
, . ,

a 4 .3/4,, %

18,1..
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t

discussionsr, witfi the University of Guelph to consider the possibility, of

0

-greater involvement of Guelph faculty wit Waterloo graduate- students and the

e tablishrivnt of Soint seminars. The possibiltG:of expanding' -this activity to

'include other nearby universitfes i,s7also being investicgated:.

in their general comments on part time students the

/
,

consultants make the observation that -there may be more scope for specialized

master's work aria specifically mentivnee field of actuarial science. The

actuarial group in the Department of.,Statistics at Waterloo has keen offering

graduate level courses in actuarial science for several years both on campus

and in Toronto. There is a strong demand 'for these courses from individuals

preparin 9 _for the higher examinations of the Society of Actuaries. The University

A
does not off&a Specialized ma degree in actuarial science but stud

tan om bine actuarial science courses with courses in stAistics and computer

science iJr an unspecialiZed master's programme. The Dep,ir.tMent of Statistics is

, al so 'planning to offer'-an inter si ve course in statistics' for workers'. i n ;indu,stry

.

on an experimentgl basis durihg the summer, of 1977. rr

-.,
, --

In the section on cOmouteilcience,the consultants ex'p'ress

- . ....,
.., .. .
:.

concern for the future of cientiefi,c computing. The University of:Waterloo has
..

,- . .

-Opay" tad considerable s1. trength in the area of scientific computing anil we intend, 4- .

to maintrn, that strength. ilaster's 'enrollirrt in. computer science has ,r_eached

.

the lev,e1 planned and will be maintained at. that level . We do not envisage any
.

significant expansion in masten.enrollment. The Deparitgient ,Computer Science

will coitinue to maintain high standards for admission to _its gnaddate °programme

4



s
RESPONSE OF THE BNIVERSITY OF WESTERN ONTARIO'TO'THE'CONSUtTANTS' REPORT ON

THE MATHEMATICAL SCIENCES AA!!IINGASSESIMENT,

4
' .Tbe following tomnients'are provided_ on the Consdltants' report in

'the Mathematical Sciences as a'consequence of discussions of a Committ
Appinted tck.examine this report. ,

-
..-s,

PuSe Mathematics .

1
q:el' . i i '

ir.. 1. We note with satisfaction the lomments of the Consultants concerning
,lithe high_proPbrton of Canadian gradiAt6 students in the. programs. The' visa
student component of all graduate programs at- Western. is regulated im such a
way that it does not exceed 20 %. This level haeen maintained in Mathemati

. .

4.

C
.2. The ConsAtants' comment upon'the Specialized nature tof the doctoral

program noting that doctoral studies have centred. arounesummability theory
and semi4roup theory and automata. Two senior appointments with established
reputations have since been made ir\the area of algebraic topology.

' . \
4

3. The Departments note a
.

request,for reappraisal pf the doctoral 4-,
grams in pure ifibthematiss and statistics. .Wwaccept these recommenciations,

but Wieve,the remarkably short period prdiided to 'Consolidate new areas of
strength may present difficulties.

,

,Applied Mathematics -

1. We note with pleasure the recognition given to Theoretical Rhysics
in the present Mathematical Sciences assessment. Based upon the researich
_record of the theoretical physicists .in,the Applied Mathematics Department, .

we believe the present evaluatioA much more closely describes the prevailing
state,than did the comments Wthe Physics report (Report Flo. 14).

,2. The organizational rearrangements ruommended in Report
4, Noc 10) and commented upon by the,Mathematics GonsUltantt-.ha

I , addressed by the University and a revised program has been fil7
OCGS Apprai-sal Committee. k

Statistics , . W
,T-

sJ

14. (page

een

ith

.
.

. .

1. Unification of the organizational arrangements for statistics within
the Faculty of tcience,is now being implemented with a view in the near future

. to increasing collaboration with other parts of the University. Final arrange.,
imentS shOul be completed in AO next few months. A,statistical consulting
seryice has been -in operation for, three years. P.lars are in hand fof_ihe
expansion of this service-to statistical' laboratory which will-serve ,as a
focal point for the statistical- activities of all statisticians and users of

i statistics in the University. .

.

.

G2. .'regular graduate course--in probabiTity theory,..ka§ been re-established
and will be offeredL.in 1976. '.

4

t
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Computer Science

,O

C-16

.)4 ft

1. While Westernes disappointed with the recommendation concerning a
Doctoral program, it hat concluded thatN collaborative program with another
university is not immediktely feasiblq.

2. The department is nonetheless pleased that the success of.its M.Sc.
Oogram has been recognized. Steps have already been taken to raise the

admission requirements (which were not previously below, the Provincial stan-
darcg) for the'Master's program in Computer Science and,there.lias been a
corresponding deCrease in enrolment.

a

Po

October 1976.

.

I ,

L.

.
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'No

Procedure for .kathematical Sciences Planing Assessment
/

Approved by COU January 10, 4 75.

A Interpretation 8
o

i
This document. uses several words in specialized seises. These

meanings follow.

,

'Acronyms:. COU :-- Council Of
.

Ontario Universities
OCGS - Ontario'Council on'Graduate Studies, an affiliat

ok:GOU. . .`.--
.

ACAP - AdVisory Committee,on Academic Planning, a
,. committee of OCGS, established by By-Law-No. 3 ,

of OCGS.
. -1

CDAS - Council of Deans of Arts and Science, an"
affiliate of CCU.

)
-L . ,

. Advisor; A mathematic's expert whose,funetions'are explained-.
below;'there are two advisors for each area.

...

a

4
Appraisal: A-procedure leading to a decision as to' whether'or not

the quality of a progrOme is'or will be adequate; the'
*universities have agreed not to begin, new programmes
without first obtaining an appraisal and not to add new

existing pragramtes-withoufieferra/ to the
`Appraisals Committee to decide if an appraisal is f ,

r''etired.

Appraisals
Committee:

II
'Area:"

A committee of OCGS, established by By-Law No. 2
of OCGS,.

)

One of the four divfsiona of the mathematical sciences
used in,this planning assessment, viz. pure mathematics,
apfilied mathematics, statistiEs, computing science.

,; , .

Consultant One of three persons who a e consuitants'to ACAP'and
whose functions aredescri d more.fully_belaw; they
are aided by "adVisors'~.

Disc .i pline

Group: Refers,eo the Mathemftical Sc ences'Discip/Ane Group,- ,:-

contitutedr as authorized by CGS
, ,
on'15

See AppendixI.
.

.

I

.
.

The word "programme" isused'to signify ill'aspects-of tile,. ,

graduate undertaking of a department (or institute, etc.),
including'thelactual and planne culty strength, extent
and limitatlions of areas,of re arc specialization,

. .research facilities, and curric
-

_
.,..:

1 SO

\
\
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Planning
Assessment: A formal review of current and projeCted gradua

programmes with.n a discipline or a group of distiplinesi'
in this case,witshin,the mathematical sciences
embracinglihe'four "areas" listed above.

Reports:, Four types of reports are referred to and delocribed
in this procedure:

a. An Area-Report, wri4ren by area advisor and

submitted to the university concerned,-the consultants
and,ACAP.:

b. The Consultants' Report, 15ritten by the consultants
and submitted to ACAP, and dealt with as described

Section G2.

Field:

c. The'ACAP Report,- written by ACAP and submitted'to
COU. A draft form is first provided for comment to
universities and to the'Discipline Group.

d. The COU Report, containing COU's recommendations
to the Ontario-Council on University Affairs and
the universities:,

`Each of the foUr areas is further
4
subdivided into

fields.

Univ.ersity I.
.

Plan:. Denotes til fficial statements made by a university' in
_ J %

accordance ith paragraphs_g7 and C8 below.

-:Choic f Consultants and Advisors
I -

B1. Theraeshall be ree consultants, two of whom shall be mathematicians
of internatio 1 standing with brelidth of- outAbk on-the mathematical.
sciences and ith suitable administrative or consulting experience.
The third

- co sultant shal.i. De a person of, wide academic experience in)

Canada but of in mathematics. No consultant shill be.on the permanerip'
Nff of a' Ontario .university.

B2. ACAP shale call the Discipline Group tog-ether. to discuss the cho,ice

of coniu .tants and to nominate a list of abituCten potential
consult- ts% If it seems desirab AP may also propose names,

the ihall be approved by the Disci e Group.

B3. From,t e resulting list, ACAP shall select(its consultants.
-

//B4. There shtll be" eight. advisors, two for lachkarea. 'Each advisor
shal be an acknowledged expert in the relevant area and at least

. ../..- N one = dvisor in.aach area shall have extensive experience with
4

gr ate-work.' No.advisor shall be on the staff of an Ontario lt*

..,
.,' uni ersity. . . ... ,

4
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B5. The Discipline Group shall-estatlisb four ad hoc area

r subcommittees for the purpose of proposing names of pOtential
Advisors for each of the four areas. Each subcommittee shall
consist of persons-who work in the'area in question and _there
shall be one member from each university that proposes to
offer graduate work in the atea; in so far a§ possiblethg
,members of the subcommittees sh4ll be members of the Discipline

Each subcommittee shall meet with an ACAP representative
to discuss the choice of advisors and to prepare a list Of at '

least eight ngpinations. These nominations shall be submitted
to ACAP thrqugh the Discipline Group which may comment on the .

. choices.

B6. ACAP shall select the advisors from these lists, and may obtain
help from the consultants in doing so.

/

C - Collection of Data And of University Plans

Cl. ACAP staff will'prepAre draft forms and instructions for collection
of data as described in paragraph C6. The Discipline Group will
examine arid comment on these forms and instructions, in particular
on the-thofte of fields.

C2, After the forms 6Ave been completed by the universities, the
Discipline Group will examine the data supplied, and indicate ,any
inadequacies or inconsistency of reporting standards.

C31 The Discipline Group will consider and discUss also the university
plans submitted. The Gtoup maymake suggestions to an individual
university onto ACAP,as a result of these discussions.

C4. If, the diSclissions.of C3 wereto lead a university to modify .5

plans, iE would so notify ACA 'P.

C5. If a university ch4ndes its plans at any time before the completion
of the. _planning assessment, it shall notify ACAP of the changes.
COnsultants are instructed°to disregard "any material pr ed to t

them which is at variance with the statements provided b he

university
e
through ACAP.

C6. Each unimee'rsity-is to supply-to ACAP, (in the form decided following
"procedure Cl) the following information:

s '(a).the areas and fields currently offered for m*er's and
I doctoral work - . s- -4

(b), for each area and field current lists of faulty members,
numbers of facility members, enrolments, degrees granted and
drop-ou0sin previous.f ysars

111

(c) curricula vitardm of all 'faculty members now engaged in '
.
graduate.instructIon yr spon expected to be

' \ -18
A fle
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(d) historical dataon giadua.te students covering,'.

(i) 'enrolment
(ii) immigration status and-country of first degree-
(iii) ii,financial support

(iv) drop=out number
(v) degrees granted
(vi) post-graduation employrimnt of PhDs
(vii) employment. of ABDs
(viii) list of doctoral thesis topics

(e) data on the undergraduate base; in particular enrolment in
work leading to graduate study

(f) data and stements oh resources of space ancilaboratory and
computing facilities - -

(g) data. and statements 6n library resources, 'in a form to be
worked out in conjunction with the Office of Library Coordination

(h) support from related. departments

(i) inter university arrangements fo; gtaduate study in mathematical
sciences

'C7. Each university is to supp'y tO.ACAP.a statement of its plans for' k ,

the future of graduate work in'the mathematical sciences, in as much
detail as possible, finder each:,of the headings (a), (b),.,(0, (g),
(h) and (i) in C6, icluding explicitlythe planned numbeu.of faculty and

,

graduate-students inf: each area for the next five years. The plans
shalltreat the yearS1975-1980 in detail and should look ahead to

..,

about 1985 in-outline. The plans should be accompanied'b6 argumerks.
supporting theit appropriateness 6n4 should consider the projected .

enrolments in terms of the sources,and motivations of potential
students- since the consultants are to deal with changes in 'field
emphasis and in methods and content org?athematical graduate .

.4.
.

education, aliY plans bearing on,these topics Should be resented-.
rt is expected that the plans presented in rewnSe to' h cedure

,-C7).-,will be largely generated at the departmntal,lev 1 -y
co fain components on which' the university- cannot comet his

' time; the statement shall howeve be submitted bathe., t

(th?ough the gradate dean) thereby ensuring thaTk
anything that is at variance with_the generiloun

. 9policies or expectations.

gP *'
C , In addition to material--in C7, the presideliOrb "achliniversity -

is to make a statement concernipg the universty's ansTor gralate`
work in the mathematical sciences, This-statitment may comment on,

,

aur

C

ft,

.6
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the C7 statement'and should at least explain the extent of
O the university's csiOtment to thlprekjections of faculty

. ..
numbers and anticipated enrolment. -

.

-'

C. The dates for submissionof these various reports,shall be
fixed by ACAP. - A

,,

./
. . ....

D - Terms of Reference -tor Consultants.nd Advisors
.

D- 5

DI. The consiltants.and advisors wiP1 meet with ACAP reptesentatives
.

for briefing.
.

_444consultints and advisors shall meet with the -

Discip/ine Group to discuss the terms of reference and practical
arrangements-for visits. desired, consultants may at this
stage-suggest refinements or clarifications for inclusion in the
terms bf reference;_if such 'suggestions are approved by ACAP, they

.wilArequire .ratification by OCGS and COU.

D2. The consuLtants and advisors shall donsider tHe data and plans
.

.,

4°-
, described in section C and may obtain other data and views flim,

. any relevant source, such as employers of holders of graduate I
01, degrees, professional and learned societies, the'Silloce Cuno.0.1-

. commission on mailhematics. They shall acquaint .themaelves.with.-

the U principles governing planning assessments and witt some
cample ed lannitg assessment reports.

f7,

D3. The can ltants and advisors shall visit, universitin accordance
with a schedule established by the consultants.and ACAP. The .

detailed agenda fora visit will teed to' be established well in,;_
Advance of the visit. The visiting team shall includeat least .

two of thethree consultants and at least_ one advisor foreach 4
of the areas in which the university -proposes.tb give graduate

ft, work. If doctoral work/As involved in an area, both advisors
shag visit. At each,:urhiversity the c.onsultants will meet with the

! 'Various approoriate officers (deans, librarians,' etc.) and with
the,chatIrman of each .department--involved in the assessment. They
`gill also:meet with staff and students of -at least some\,of the areas
concerned. An advisor will spend most of hig-time with the staff
`wird students of his area of expertise, but will also meet with
the chairman and with senior officers If there ale particular
matters clonterning his area on Which he needs'information'from such
sources. 4

.4/

. At .

. 4W-, - .1-

D4. Apart from the initial meeting with the Discipline Group, the
consultants may arrange other meetinis.with.the Discipline Group,

. as thty feel}iecessar3t or-at the request of the Disciplihe Group;
in either case After consulting ACAP. .

.

-.-- 4
1. .

,
.

: A
D5. Tile consultants and advisors.shall preparer.reporis as described in

k

sections E and F. . er
,.

, .'

tit

4
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- Area Reports /

El. For each university, there shall be prepared anArea Report for
each area in whillti'd-lat iiniVersity offers or proposes to offet

,graduate work. Tese reports will be drafted by the two..
advisors in the area, .even if only one vis4ted; and are tp be
finalized in consultation with the consultants who visited the

4 .4
university.

E2. -Each Area'Report will deal wi0hone university. only and will
cover the following:

(a) Fields - for each field; discuss faculty numbers, student
numbers, courses given, sourse enrolments, quantity and
quality of research output; number of master's and PhD degrees
awarded, suitability of doctoral thesis topicsn quality of *-
doctoral theses .

r.

(b) Can the, current staff deal with the number;of student's-projected
for five years? If,tot, what addition seen necessary?

.

(Undergraduate load will need to be considered.)

(c) The location of the-undergraduate training of the students

(d) Comment on the adequacy of research and studspaCe (office
space) for staff and students". " Comment on other physical*

facilities, includtng,computer adequacy and computer avail-
,'ability to the graduate Student ,

A
(e) Discuss library resources on the basis of report 'supplied

,. -,

. (f) Examineatd comment on.admission standards,and, if possible,
on the,academic quality of the,graduate-student-body

fg) For doctoral programme's for each field indicate the-quality
of education offered the student, using the following categories:

(f) outstanding(e,g. comparable with the best in the world)

(ii) excellent (e.g. in the, top four or flve,in Canada)

(ill.) competent to good (erg. there would be,little' hesitation
In advising:a )00 student to enter the programie)

'(i.v) questionable (e.g. either'tlie quality is inadequate or
further study is required to establish its adequacy).

The judgements should be justified by'd discussion and should' tefer
0 the' current. state, bdt if any change (in either, direction) can be
confidently foreseen it should be":teporied..

.4

A

t
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E2t (h) List the fields of the area- in which tocto al thes- es
should at peeSent.be supervised with explal tOry ,,

. comment if desired (this is particularDrimp tans
, --.

for programmes with fields in categories (iii)
46.

) and
.it (iv) but is requested for all. programmes)..

3. EachArea Report shall be Submitted to
6

.0"

(i) . the university, concerned'
;

.(ii) thA consultants

(iii) ACAP.

4

Ate'a Reporti are NOT to be published or further distributed except
'that, if COUfeelg that an Area Report is relevant tb the final COU
discUsAon of the ACAP report, the Area Reportwill be made avai;eble
to,C00, but not for publicatio'llip

E4. All Area. Reports will be distributed simultaneously.

.

E51. Each;liversitY Will be invited to,ApomMent as it sees fit on :41-Ah

4

ofvits Area Repdrts. The university comments Will be submitted to
W

ACAPand transmitted' by ACAP to the consultants and advisors. The

_universitly c enti.will NOT bg published or further distributed,
excep-i to C on

o
its request as with AreaRepole.

.

a.

. F-- Consultanth' Report

. FT. Afteit-Red-.,eadline for receipt of comments on,Area Reports fromthe
- universities:the consultants shall draqa. single COnsultants' . 0
Report. It will ell be based on the material descritied in D2, the'
AreaReports,4he'comments thereon anil of course their university -,

INsits. It is important that the reasoning behind the recommendqions
the Consultants' Report be apparent, and to this endthei-Shbad ,

include information from the Area Ireports'in any manner which Seems
to, them to be appropriate-for-their own report which will be a

4 .

public dacumeht: They may alioobtfin assistance from their
advisors on genetal considerations concerning the development of
the four areas in the

,.

province or more, widely. .

"A '

F2. In their report, the consultants shall:.
..

.
'i 1"

.

(* Give a-general discussion of the current state:ofigi-aduate

east
viences in Ontario including at

lereast the following topics: )

`,.

, .

194
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or discontinuance of the programme, dircontinuation ihr.
some form if successful in an appraisal, or initiation
.of.a new progfamme subject to appraisal, of joint programmes
or cooperative ventures.

In all eses,4eis importan,$ that the rationale for recommendations-
.

-be clear and the consultants should give their judgeMent of the ' -

standard of each 'subfield by university in the same manner as described
forAra-Reports in item E2(g).

,(fi) DiscuaS the realistic possibilities for cooperative activity
involving a mathematical sciences department"and another

...,

department or-institute-, either-mathematica or not, either .

. ,in the same ur.,ivers'ityor'another. Make recommendations ,4s
seem appropriate for_specific'cases.

. o

F3. The consultants shall submit raft report to ACAP to permit ACAP
to ensure that ieutlieets the terms of reference listed in F2. the
Consultants' Report will then be submitted to ACAP.

G ACAP ,and
f
COU Reports

Gl. ACAP.will then prepare a draft ACAP Repot.

G2. ACAP shall seed its draft Report with the Consultants' Report as
an appendix to the universities and to,t4le Discipline Group for
comment on Loth these report's. At th*s'stage, or during the
preparation of the ACAP draft Repott, there. could he meetings

between ACAP representatives andtheoDiscipline Group and /or some
universities, if any party requpsted such a meeting.,_There could
also be referal of questions & the consultants by ACAP ,and any
material provided by the conEultAnts shall be publeished by ACAP
if it has been used for its Report.

G31 Thee comments of the Discipline Group on the,ConsultantS' Report will
-be published es will those of an3'7university so requeting, iut

the comments on rh4 ACAP draft RppOrt will not be published.

G4. After receiving the comments ACAP will prepare the final ACAP,
Report and submit It tab COWwitt,copies.to OCGS, CDAS and the

-Discipline Group.

G5. COU will not takefi al action on the-COU Report until it has
allowed at least OneM'iohth''for the receipt of any written comment
on the ACAP Report *rot univetsities,',OCGS, CDAS or the Discipline
Group. COU will ipcide what comments it will Tublish. As a'
minimum, COU will publish the COU Repott and the ACAP Report
including the COnsprinrs' Report'and those comments on the Consultants'
Report that are t6 be 'published.

191
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or discontinuance of the programme, er continuation ill
. .

some form if successful in an appraisal, or initiation -

of .a new progfamme subject to appraisal, of joint programmes
or cooperative ventures.

In all tafrses,40fis importan that the rationale for recommendations-

,

-be clear and the consultants should give their judgeMent of the '
standard of each 'subfield by university in the same manner as described -.
forAt4a-Reports in item E2(g).

(11) Discugs the realistic possibilities for cooperative actiyity'
involving a mathematical sciences department'and anothv ,

. Idepartment or.inAituta, eithermathematicar or not, Aitner
, . ,in the same Und.versityoeanother. Make recommendations ,4s

seem appropriate tor_specific-cases. - _3

\
F3. The Consultants shall submit adraft report to ACAP to permit ACAP

to ensure that ienleets the terms of referencellisted -in F2. The
Consultants' Report will then be submitted to ACAP.

....
. '(.

G ACAP ,and' COU Reports . 4
es,.

Gl. ACAP.will then prepare a draft ACAP Report.

G2. ACAP shall seed its draft Report with the Consultants' Report as
an appendix to the universities and to,tile Discipline Group for
comment on 11.,oth thesp report's. At this'siage, or during the
preparation of the ACAP draft Reppft, there' could he meetings
between ACAP representatives and ,theoDiscipline GroupNandior some
universities, if any party requested such a meeting.._There could
also be refevral of questions to the consultants by ACAP _and any
material provided by the consultAnts shall be publeished by ACAP
if it has been used for its Report.

G31 Th, comments of the Discipline Group on the,ConsultantS' Report will
-be published as will those of any university so requescting, .put
the comments on th4 ACAP draft Rprort will not be published. "

G4. After receiving the comments ACAP will prepare the final ACAP
aReport and submit it tib COWigicopies.to OCGS, CDAS and t Jhe .,.

-

-Discipline Group.

G5. COU will not iakd,firial action on the-COU Report until it has
allowed at least one 4156th for the receipt of any written comment
on the ACAP Report Broth universities,, OCGS, CDAS or the Discipline
Group. COU will ipcide what comments it will publish: As a'
minimum, COU will publish the U)U Report and the ACAP Report -

including the COnsplrints" Reportand those comments on the Consultants'
Report that are t6 41publiShed.
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Appendix I

Mathematical Sciences Discipline!Group

Eaablishmed't of Group

a. On November 15, 1974OCq'S authorized the establishMent of a

Mathematical Sciences Discipline Group with the following

membership: two -from each untvesity- intending-to carry-on
graduate wqrk, and containing at least three persons working in

each of the four areas: pure mathematics', applied mathematics,.

statistics, computing: If the persons nominated by the

universities should not include three frbm each area, ACAP is

to coop additional professors Io'make up the necessary

number. When there are matters for which it is desirableto have

input from every university concerned with one of,the four

areas, the Discipline Group will be expected to; `establish ad

hoc subcommittees.

b. Changes of 'a university's representative are to be notifilikby

the executive head.

c, The Group shall select its own chairman.

'2. Meetings

a. The Discipline Group may meet at the call of its chairman or in

accord with its own arrangements.

b. The DiScipline Group may bye called to meet by Ilie'-Executive

Vice-Chairman acting for CAP.

,

/ef ' 3. Responsibilities

a. COU has instructed ACAP to conduct a planning assessment in the

Mathematical Sciences and.the Discipline Group will assist and

advise ACAP and generally facilitate the assessment. 10

b.1 In the futilre, the Group is to keep under review the plans for

graduate work in theqathetaeical Sciences itrOntario;, including

dew developments and trends in the dIscjp1tte, and to make reports

to MAP on a regular basis. F9r this purpose ACAP will assist the

group in otitaining information end data, as mutually agreed.

c. The Group may make recommendations to ACAP in connection with

graduate work in the Mathematical sciences when it considers it

appropriate.

1 9 I"
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Brock

Carleton

GUelph

Lakehead

McMaster

= Ottawa

ueen's

Toronto

Trent'

Waterloo

Western Ontario

Windsor

York

11Chairman

a

E -1

A

DISCIPLINE GROUP MEMBERSHIP 4 ,

J. P. Mayberry'(observer)

D. A. Dawson
J, D. Dixon

C. K. Capstick,,until September, 1976
K7 E. George
T. D. Newton, until September, 1976%
R. G. Buschman

G. K. Fleming,ontil November, 1975
C. F. Kent
J. H. M. Whitfield

K. A. Redish, until October, 1975
M. A. Preston
*C: R. Riehm

L. G. Birta
:...

R. VaillanCburt; until September, 1976

W. D. Burgess 4t

J. Coleman
D. A. Jardine

*G. F. D. Duff, until May, 1975
"S. Sulieh

T. E. Hull, until May, 1975
P. Hume

J. W. Jury (observer)

J. D. Lawson
D. A. Sprott, until July, 1975
J. G. ,Kalbfleisch

a,

J. H. Blackwell, until September, 19'76
S. C: R. Dennis
D. Borwein

'P.:N. Kaloni
F. W. Lemire

G. E. Denzel'
A. P. Trojan, until November', L975 .

,M. K. Botta\

19
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t
'sOntario Copn.cil op Graduate Studies

By -Laws No. 3

A,V-Law to establish a_Committee on the Academic Planning of Graduate S,idies.
r

1. The Ontario Council on Graduate Studies, recognizing the impertanu4f * '

providing for'the continued and orderly development of graduate studiesAn.

the Ontario universities, establishes a. Standing Co nittee to be known as

the Advisory Committee on-.Atadem* Planning (abbreviation ACAp).

Interpretation
4

2. this ay-Law,

.- (a). "Committee" without further specif4cation, means theAdvisory Committee

4

on. Academic Planning;

(b) "Coutil" or OCGS means the Ontario Council on Graduate Studies;

r

(c) "Committee of Presidents or MK) means the Gommittee of Presidents of

Universities sof Ontario;

(d) "university" means a provincially assisted university in Ontario;

"discipline"'means any branch or combAnation'of brShches of learning so

ti
deatgnated;

.

(f) "discipline gioup" means a body designated as such by the Committee of

Presf:denta of Universities of Ontario, and normally consisting, for

any one discipline, of one representative from each'of the interested

universities; .

- (g) "planning assessment" means a formal review of current and projected

graduatje programmes within a discipline or a gro-up of disciplines;,.

(h) "programa" signifies all aspects.of a particular graduate undertaking;
, .

(i) 'rat.ionalization" -means the arranging of graduate programmed in order to

avoid undesirable duplication, eliminate waste, and enhance anti sustain

quality.
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Membership

3. (a) The.Committee,shall consist of at least seveil member-8 of he professoriate

in Ontario .universities, some of whom shall be members of the Council.

(b) The members o the Committee shall serve for such periods of time as the

1 r/
%

Council'may determine, and they shall be selected in such manner as may

i. .1w.

provide for reasonable balance both of.academic disciplines andlof.

universities.

(c) The menitlerfs of the Committee shall be appointed as individuals.
.

.

Chairman

4. , The Chairman

one vote.

the Committee shal _be named by the. Council, and he shall have

t

Quorum

5. A majority of all members of the Committee shall constitute a quorum.

Functions

6. The functions of the committee shall be

(a) To advise OCGS.on steps .to be taken to impfementeffective provincial

planning of graduate development;

(b) To'promote the rationalization of graduate stidies within the universities,

in cooperation with the discipline groups;

(c) ;To recommend, through OCGS, to CPUO the carrying out of planning assessments

of disciplines or groups of disciplines and.to recommend suitable ) arrangements

and procedureS fir each assessment;
O .

(d) ,TO supervise the conduct of each planning assessment approved by CPUO;

(g) Torespond to requests by CPUO to have a discipline assessment conducted

.

by proposing suitable arrangemen ts;

I 4

(f) to submit to CPUO'the repo -rts of the assessme nts together with any
. . =

6

recommendations which the committee wishes to make.

_ shall be sent to Council.

py of the report



Jurisdiction
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7. In order that the ComMittee may discharge the,functions described in Section 6

aboye, it shall be-author/zed

(a) to request a university to provide such.informati7on pertaining to graduat

studies as may enable the Committee to discharge its functions;

4

t IV

s(b) . to request a disc*olifie grioup-to .pcovilidr.-such information as may enable the

..-- .

-..., - .. '

r:s. .Committee t,,c) discharge its functions;
.

I,
(c), to receive reports from the univerlaties and from the discipline groups,

and to comment and communicate with the uniATersities -and the discipline

fi

. groups concerning such reports;

(d) to eOnvene aiMeeting of any disc
.

. v/
the development to date, and i)roposals.jor the future development

.

-.

graduate studies in the disci ne concerned;

line giouP for thepurpose of discussing

(e) to send one or more representatives to a meeting of a discipline group at
I

the invitation of thediscipliine group;

(f) to make such suggestions to a discipline,group as may be deemed appropriate

A

to the functibns of the Committee;

(g) to supervise the conduct of planning assessments, and to report thereon to

. the Committee of Presidents Of Universities of Ontario;
,

,(h) generally to report and to make recommendations to the Council;.

(i) to sOk and receive advice from appropriate experts;
t.

(j) to employ consultants in connection with planning assessments.

Procedures

I

--8. The procedure to be 'follqwed by the Committee shall be as approved by he

Committee of Presidentp 'of the University of Ontario:

9. 'The Committee's function is solely adviso ;y.

.

Effective Date

10. This ByLaw' shall take effect January, 1971.

. . e
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ACAP DISCIPLINE6GROURS AND 114-EIRROLES
.

.1. Establishment of a Group .

) . ;

a. When it is considered desirable to activate planning
f of graduatt work in some

I

. .

discipline(s) _or interdisciplinary'area, oft_the advice of OCGS, will authorize

the establishment cean ACAP disciplinegroup, if it was not already approved*and
.

included iii the May,.1968 list. If it is already authorized, ACAP may decide to set'

it up as described in paragraph b.

b. Whe.Executiv'Vice-Chairman of ACAP will then invite the executive head of each
university (including Waterloo Lutheran Univeisity) either to nominate a member

of the discipline group or to'indicate that hls universtty.has no plans for gra
uatestudy in this discipline in the next five years or so. If a university ca

state no plans for fuepre graduate work in the subject, but feels that a watch'

brief is desirable, it may appoint an observer to the group.

c. Changes of a university's representative are to be notified by the executive h a

d. The group shall select its Own.chirman.

2. Meeiings'

a. A discipline group may meet at the call of its,chairman or in accord with its own

arrangements;

b. A discipline group may be called to meet by the Executive Vi9e-Chairma'n acting for

ACAP. 1

3. Responsibilities

.
a. The group is to keep under review the plans for gradAte work in its disCipline in

Ontario, including new developments 4nd trends in thec-discipline, and to make

reportk to ACAP on a'regular basis.

-b. The group may make recommendations to ACAR in connection with graduate work in

fits discipline when it considers it appropriate. .

(*,

c.. ACAP will assis the group in obtaining infoimation and data, as mutually agretd.

d. When COU has instructed ACAPtto conduct a planning assessment: the discipline

group will ,gssist and advise ACAP in_deterMining procedures and terms of reference

will report as requpsted and will generally facilitate the assessment.

ApProVed bY OCGS March 22,,1973
loviby'COU iqnil 6; 1973:

`1



S

It

A

r

APPEIIDIX'

. CURRICULA VITARUM OF THE CONSULTANTS

Consultajls

Advisors
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'GARRETT ii.TRZHOFF

e .

.
.

.

.gorn Princeton, New Jersey, ''January 10, 1911
.

...

A.B. 40 "Harvarld, 1932
'Honorary doctorgEes from:

irniversidad Nacional de Mexico (1951)
University of Lille (1959)
Case Institute of Te chnology (1964)

-

.
°- 4

I

46 r

!. Harvard University,,Instructor, 1936-38
Assistant PrOfdssor, 1938-41

associate Professor, 1941-47
Professox,,1947-

F.

Putnam PfofessorofPure and Applied Mathematics, 1969-
Consultant for various industrial and governmental laboratokies

-

Liggenheim.Feilow, 1948 . . .

Member, National Ac'ademy of Science
r

Member, American Academy pf Arts andSciences, Vice7Preaident, 1966-67 4

Member, Association of Computing Machinery 4 '

,i Member, Mathemati'cal Association of Amerida, ITtevPresident,"1979-71
c

Member,' American Matt4matical Sbdieelr,'Vice-Presidents, 19587'590'

.. /
Fellow' American Nuclear'Society . .

Member; American PhilosophicS1 Society ,

, ..

.

-, -

Member, Society" qf Induitria+.and Applied MathelatLes, President,. .1967-6-8--

' Member, Mexican Mathematical*ciety ' ---- ,

A-.

Fluid,mechanics; nuterical react6 theary; modern algebra '

Address:

4

*

DepartTent of Mathematics.
Harvard Uniyersity
1 Oxford street
Cambridge, Massachusetts"-
02138

4
V \
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... DAVI,D R. COX-
4. 1

'

Bprn Birmingham, England, july.15,.1924

A
.JI B.A, . Cambridie,-1944

M. A., CambLe0., 1950
Ph:g.' Leeds,A3949 '

'' ' '
- , ,

Royal Aircraft Establiishment, Juio ScientifiC Officer, 1944-4&
Wool Industries ReSea-rch Association, Scientific Officer, 1946-50

Statistical LaboyatOry,Cambridge, Assistant Lecturerc1;50-55
University of North Carolina, Visiting Professor-, 1455=56

,bniversityofLondon,-Birkhedk College, Reader, 456-61
Professdt, 1961-66

Bell'Telephone.Laboratories, Technicaltaff, 1965. .

University of London, Imperial'College of Science and technology
Professor of StAtistjCs,:1:966-,

:Head of:Department of Mathematics,. 1970.r74.
1

I

It,'

Sp

.

.. e
If. .

Editor, Biometrika, 1966- 1
Felled, Royal Society
Foreign Honorary Member, American Academy. of Arts and Sciences,
Guy Medals in Silver and Cold; Royal Statistical Sociery-

71*.
Statistical methods; statistical- theory; applied probabiliCYheory;

Arational,research.

i
. ,

. ,

,Addisaas: Department of Mathematics #

Imperial College of Science and Technology
.

..- 180 Queens Gate
loondon, En land

SW7 2HH
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ALLAN H. MCRRISH

II..

Born, Winnipeg, Manitoba, April 18, 1921

B.Sct

M.A.

Ph: D.

.Manitoba, 1943 ,

IpToronto, 46
,Chico, 1949

University' of

University. of

University

, . :

British Columbia,. Lecturer,,1949750
Research ,Associate, 1951-52

Minnesot,1%.Department of Electrical Engineering,
Research Associate, 1953-55
Associ4te Professor, 1955:59

" Professar,,1959-64
of 1pitoba, pepartment of AysitS

. ProlefesspN, 1964,2""10

Head,. 1'966-
I .

NRC Postdoctorate Fellowship, Bristol University, 1950-51.
Guggenheim Fellow, Oxford ,University, 1957 -58
Fellow; Institute of Physics
Fellow, rican Physical,Socity
Fellow, "1 Society of Can'ada

Associate itor, Canadigi? Journal otPhysics, 1968 -73

Alember, NRC Physis Grant Seletion Committee, f969-71
Member, DRB Advisory,Commitee'on physicsResearch, .1967-73
Presadent, Canadian' Association of PhYsicists,. 1974-75 .

Con,lEnbr, Physics Subject Div4.sion, RoyarSociety of Canada, 1972-73
Rresidnt, University of ManitOba.Chapter, the Society of the Sigma Xi, 1968-69

Cosmic rays; solid state physics; magnetism

Address: Department of Physics
University of Manitoba
Winnipeg, Manitoba,
A3T 2N2

yy
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DAVID R. BRILLINGER

Born Toronto, ontariol October 27,1.1937
A.

,B.A. !Toronto, 1959
H.A. Princeton, 1960
Ph.D. Ptinceton, 1961

a ;
,ft

Be ,Telephone-Laboratoties, Member of Technical' Staff, 1962-64
. ,

Princeton qailiarsity, Lecturer, 196264
London School of Economics, Lecturer, 1964-66

. Reader, 1966-69
University of California,'Berkeley, Professor of Statistics, 11369-

- .

Fellow',.Institute of Mathematical Statistics
,Felloulf, American Statistical Association
Member, International Statistical Institute
Countil Mekber, Institute of Mathematical Statistics, 1974-77
Council Members Bernoulli Society for Mathematical Statistics and'Probability,

4.

.

1 -1975=79 .
- .

Associate Editor, the Annals of Statistics
AssociateEdttor, the-Annals of.Probability
Editorial Board, Journal of Multivariate Analysis
Miller Research Professor, 1973-74
Guggenheim Fellow, 1975-76

Applied probability; applications of statistics; la dolli processes; statistical
computing

,4

e
Address; Department of Statistics

University of*Californi'a
Berkeley, California

94720
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JOHN E. H9PCR6T

Born /Seattle,- Washington, October 10,'1939

14$: .Seattle, 1961
.e 1

M.$. Stanford; 1962
:Ph.D. Stanford, 1964 ,ts

t ' .
.. . .

,

Princeton Uniiersity, Assistant'Profess2r, 1964:67
Cornell Iniivergity, Associate Professor,"196f-,1472

Professor, 1972- .

/ .

,,.,

..., Member, National Science Foundation Advisory Panel for Computer Science, 1971774
' Editor, Managing Editor; SIAM'Journal. on CoMp9ting,1972-74, 1974-

.

Finite automata; computer organization; program*ng languages
,

Address: Department of Computer Science
Cornell Univer,ity

Ithaca, New York
14853

le

20,

1

Vt



4.

G-6

JAMES M. KENNEDY

Born Ottawa, Ontario, April 25, 1928 0

B.A. 0 Toronto, 1949
M.A. Toronto,. 1950
.Ph.D. Princeton, 1953 e

0
'=- AtomigEnergy of Canada Limited, AssistantResearch 0 ficer, 1952

..,
' Associate Research Sfficer, 1955.2' .

Director of Computi g Services,./1956
Senior Research Officer, 1959 ,,
Principal Research fficer, 10/64 .

University of British Columbia, Director of, the Co uting Cenire, 1966
- Professor of Comput r Scien4, 1968-

42, Acting Head, Depar ,'gent of Omputer cience,

' 1968-69 and 1973-7 s
.

President, Canadian Information Processing Society11971-42
rMember, Canadian Information Processing Society

.

Member, Canadian Mathematical Congress
r 1Member, Canadian AsSociati6p_pl'Physicists

Member, NRC Associate Committee on Computers, 196371
Associate Editor, INalf: 1974-

Computer applications; mathematical software; open

Address:

I

?

Department of Computer Science
University of Brit'i'sh` Columbia

VancouvervBritish Columbia

, r

ting systems

k
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WILLIAM H. KRU

Born New Yori 'City, New York, October 10,11919

S.B.' 'Harvard, 1940
M.S. Harird, 1941
Ph.D. . Columbia, 1955

I
-Kruskal And Kruskal,.Lnc., Vice-President, 1946-48
Columbia University, Lecturer, 1949-50
'University of Chicago, Instructor,' 1950-51

Assistant Professor, 1951-57
Associate Professor, 1957-62
Professor, 1962-
Chairman,-1966-73 .

Dean, Division of Social Sciences, .1974-

Ernest DeWitt Burton Distinguished Service Professor,
. Depa-stment of Satistics-and the allege, 1973-'

Fellow, Institute of Mathemsticil Statistics
.Fellow, American Association foi the Advancement of ScienCe

Fellow, American Statistical.Astociation
Fellow, Amerian Academy of Art and Sciences
Editor, Annals of Matheml:fical !taeistics, 1958-61
President, Insti tute of Mathematical Statistics.
Vice-President, American StAistical Association,'1972-74
Member, President's Commission on Federal Statistics, 1970-11
Chairman, Committee on firticticel Statistics, 1971=

Linear hypothesis theory; nonparametricanalysiI;'statistics and:public policy

_, Address: Department .of-,Statlstics

Univers'yty'of Chicago:
Chicago, Illinoi4
60637. .

'
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4 VILHELMUS A. J. LlinMiURG
I

'Born Ddelft, The Netherlands, Apri1.111 1929

,J

M.A. Leiden, 1953
Ph.D. Delft, 1955'

0

Queen's' University, Chnadiam NationalResearch Fellow, 1955-56
Univergity of Toronto, As'sistant Professo, 1956=58
California Institute of Technology,

i

chnology, Assistant. Professor,.1958-60
Asso4iateProfessor,.1960-'62
Prof&ssor, 1962-

' ExecUt e Officer for-Mathematics, 1970-

Corresponding Memb r; Royal Academy-of tciences of Amsterdam, 1.974-

EdiEor,,North-Holl d Mathematical Lib ary Series

.
Functional analysis;; spaces of measdrable func'tionsF integration theory; .
approximation theory; lattice theory; nonstandard analysis

,

Address: 817 South El Molino Avenue-
Pasadena, California
91106

p

4t

J
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NATHAN- S. ME&DELSOHN'

'Born*Brooklyn,. New York, April 14 1917

B.A. Toronto, 1939 *

M.A. Toronto, 1940
h.D. -:-:,-.Toronto, 1942-

University-of Toronto, Teaching Fellow, 1939.-42
Queen's University, Lecturer; 1145-46
University of Manifoba, Assistant professor-

Associate Professor
Professor

.

.
N

Research Scientist, National Research Council
.

Research Scientist, Defence Research Board.of Canada
ResearCh Scientist, Inspection Board of the United Kingdom and Canada
Member, National Research Council, Propellants. SUb.Committee of the Committee

on Explqsives .
,

Fellow, 'Royal Society.of Cahada .'
,

resideht, Canadiman.Mathematical Congress, 1969-71 i,;.,

M4mber, National Research Council, Scholarship Se.14ctiow Committee, 1969-71 .

-Canadian delegate to the International Mathematical Union, Stockholm 1/62,
Moscow 1966, Nice-1970

Algebra; geometry; combinitorica

'Address:
4

Department of Mathematics and Atronamy'
Unlversity of Manitoba
Winnipeg, Manitoba
R3T

7'
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iAN g.'SNEDDON

,

Born Glasgow, Scotland, December 8,.1919.

B.Sc. Glasgow, 1940
. B.A. Cambridge, 1942

'D.Sc. \ Glasgow, 1948

D.Sc.(Honorary), Warsaw, 1973

li
,

, -4,

-W
\

1 t

U.., K. Ministry of Supply, Scientific Officer, 1942-45

University of Bristol,, Hr .H..Wills Physical tab., Research FIllow, 1945,46
Vniverdity of Glasgth4 Lecturer in Natural Philosophy, 1946-50
Universitylp4 lieele, Professoof Mathematics, 1950-56.
University of Glasgow, Simson Professor of Mathematics, 1956-,

Dean of Faculty of Science, 1.970-73 f

Officer of the Order oft e British Empire, 1969
tommander of the Order of Polonia Restituta, 1969

.
Fellow, Ro al Society of Edinburgh
Fellow, In tituteof Mathematics and Its Applications
/Foreign Member, Polish Academy of Sciences

.6

COntinuum mechanics; boundary value problems of mathematical physics;- applied
lunctional.analyst/

, ,,

Address: Department of Mathematics
.pniversity of Glasgow

. Glasgow, Scotland
G12 8QQ ,/

1

I'
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MAX WYMAN

Born Lethbridge, Alberta, April 14, 1916.

B.Sc. Alberta, 1937
Ph.D. California Institute of Technology, 1940'

National Research Council, Munitions Gauge Inspector, 1940-41, 1942-43

Uhiversity of Saskatchewan, Cecturer, 1941-42 ,

University of Alberta, Lecturer, 1943-4'5 ,

Assistant Professor, 1945-50
Associate Profesor, 4.950-,56

Professor, 1956-
"-

Chairman, Department of Mathematic ,'1961 -64

Dean of Science, 1963-64
Vic4,President (Academic), 1964-69

President; 1969-74
UniJersity Professor, 1974

Fellow, Royal Society of-Canadi .

Member, New York Academy of Science
Member, Canag4p Mathematical Congress, Presiknt 1963-65.
Membert Amerikan Institute of Physics
Editor, Canadian Journal of Mathematics, 1958-64
Metber, Federal Electoral Boundaries Comision-for the Province of Alberta,

1972-73
,

Member, Board of Review for Provincial Courts in Alberta, 1973

Chairman, Alberta Human Rights CommissiA, 1974-

Relativity theorysand asymptotics

0

Address» University Professor
University of Alberta
Edmonton, Alberta

T6G 2G5
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